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Introduction

s sTaTEn in the introduction to the first volume of Movocrarns ov Suncrny,
Aih purpose is ta present a series of monographs on surgical subjects which
are of current interest to the general surgeon as well as to the specialists in the
field of Gynecology, Urology, and Orthapedies. Emphasis is to be placed on
thase subjects about which opinion has crystallized and which rest on a sound
foundation of surgical esperience and knowledge. The twelve articles in this,
the second volume, appear to the editor as fulfilling these purposes.

As Dr. Meigs, Assocate Editor for Gynecalogy, has <o aptly stated in his
introduction to the Symposium on “Carcinoma in Situ of the Cervix Uteri,” this
is an outstanding contribution to a subject which is commanding much interest
at this time, The contributors to this symposium are the leaders in this field
and their cumulative experience is the widest thus far obtainable,

Cholangiography has in recent years developed into an important adjunct
to the proper management of biliary tract disease. Drs. Partington and Sachs
have presented this subject in a concise and practical manner which should be
of considerable assistance to those surgeons who cither contemplate utilizing
cholangiography or who have already done so,

Diaphragmatic hernia is being more frequently recognized and its management
has assumed an increasingly important place in modem surgery. With his wide
evperience in this field, Dr. Harrington has presented this subject clearly and
thoroughly.

One of the real advances in the dingnosis of cancer has heen the study of
exfoliative cells by various technics. The usefulness of these procedures is un-
questioned but they, together with the technical details of the methods utilized,
require a thorough evaluation. Drs. Herbut and Rakoff have done this well in
their contrbution “The Cytologic Diagnosis of Carcinoma.”

The part which surgery plays in the management of the nonspecific infections
of the intestinal tract, viz., regional ileitis and ulcerative colitis, has been elarified
considerably in recent years, Drs. McKittrick and Risley

r have presented a direct
and complete account of the role of surgery in their article “Regional Heitis and
Ulcerative Colitis.”

In the field of Urology, Dr, Simmons’ mteresting article entitled “The Diagnosis
and Treatment of the Infertile Male” presents with simplicity a Sllbjl‘(.‘t( :’hich
is of importance to the entire medijcal profession. Drs. Moulton’s and Hupgins'
contribution “The Surgical Management of Prastatic Disease” is concisely v i%l"s
and serves to summanze an attitude toward the surgical treatment of) 1? itten
of the prostate gland, with particular reference to carcinoma. (iseases

v
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vi INTRODUCTION

Drs Shands and Kreuz have contributed a complete and practical treatise on
“Congenital and Develop al Problems of the Hip in Infants and Childhood”
which should prove of particular mterest to the orthopedic surgeon and of real
mterest to the general surgeon, The scction on “Bone Tumors” by Drs Geschichter
and Copeland deals in a concisc fashion with a subject which is of real importance
to all surgeons. The matenal has been clearly presented and the illustrations
clanify the tet extremely well,

The subject of “Arthrodesis of Joints” has been well presented by Dr, Alan
De Forest Smith and 15 an authoritative discussion of a subject which should
prove of general mterest.

The ever present and important problem of the manmagement of interma)
derangements of the knee has been dealt with by Dr. Cave in a comprehensive
fashion and 15 well ilustrated.

The accumulation of the volumes as they appear year by year should enable
one to do much w the way of keeping abreast of the ever widening surgical
hterature and of having access to the more impartant references pertinent to the
subjects dealt with e the various volumes,

B. Novanp Canter, M.D.
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Carcinoma in Situ of the Cervix
JOE V. MEIGS, M.D.

INTRODUCTION

JIE FOLLOWING FIVE PAPETS comstitute the first symposinm which it has been
Tmy privilege to read on the very carliest types of cervical cancers. The anthors
are evperts in this field of study and their opinions must be considered. The
discovery of cancer in situ by Rubin, Schottlander, and Kermauner should be
considered an epoch in gynecologic patholagy. 1t has taken many years far the
Schiller test, the colposcope, the Papanicolaou vaginal smear test, and cervieal
biopsy to prove their importance, 1t is obvious that wider and more intensive
use of the tools at our disposal may reduce the numbers of invasive cancers that
wmight be seen in the future, If gynecologic evaminations are carried out as they
may be and should be, there will be a definite reduction in the numbers of
invasive and perhaps inoperable cancers of the cervix, Cervieal cancer is being
attacked from various angles and the gynecologist now has a real opportunity
to discover and cure so many in the carly stages that the appearance of this
disease in stages nt and 1v should soon be considered the result of negligence.

Each presentation is slightly different and each writer reports the problem
from his or her own angle, but a perusal of these papers leaves the reader with
the impression that advances are heing made. All these contributors are interested
and have written and talked of the problem, and all are hopeful. Te Linde's paper
is a report of a long time study of the early lesions and his advice as to diagnosis
and treatment is clear and true. Younge, with a large experience, reports cases
of invasion developing during study and of pregnancies being watched when
cancer in situ was present. Ulfelder shows that our laboratories occasionally
change their minds about this Iesion and he looks into the future for more satis-
factory investigation. Pund has had a vast experience and reports carefui observa-
tions of many cervices sectioned and studied. He preseats new jdeas as to the
region of origin of the lesion and its local spread. Iis interest in the endocervic
is important to all of us. Mrs. Graham, with her research approach, h:
?ut a true problem cnflccrning cay'wL‘r in situ which disappears, and without doubt
intends to follow this lead to its conclusion. It would be difficult to group
:Z%‘;;};:r five more provocative and stimulating papers on a very pertinent

as picked

It is obvious to the editor that there is a confusion of names to describe the
S:;mg (hmg‘. 'l;hxs ccnf;si:lm in nomenclature may cause a disinterest on the part
of the pathology-minded gynecologist who will be t

o s e
o the ablenErits roe ! g ho mnted to shut his mind

) ) Confusi
several names for 1« . . fusion of names,

L 8 may dampen the






CARCINOMA 11 5ITU OF THE CERVIX 3

GLOSSARY

Covan i Sne, Peissoaang Casorg Isanceem e oo, Isarn st
Caovan=These fomt temme may be considerrd as sy nony mous, It is the editor's
belief that “cancer g sitn™ fo the mot cemmanly weesd tesm and s certainly
as deseriptive as the other thiee,

Boat, Cran Iviisernay, Bautan Bhrertais=Mening activity of the
piliadedd e lower or hasal lasver of the cenvical epithelinm. There may be
an increase of mitotic fiznres or an increase fn thickness or pegging of the
Tayer due to an increased number of nosmal eelle 1 obvions that more than
nonmal activity iy prevent, This activity does not represent earcinoma but s
a warning that further epithelial development nay ocenr,

ANA LAGA=This term s Tonsely meed to deseribe eells or groups of cells which are
fmmature or pootly differentiated. Hyperactivity with mitotie figures and
irreglarity in the dze and shape of cells is seen. While these characteristics
are asoddated with cancer, they do not mean cancer beeanse lhv_\' are also seen
inn areas of sepair, hut should be a definite warning,

Drsramoss, Aspokamosts—=These terms refer to irregnlarities in growth, size,
and confonnity of the nuclei such as are seen in malignant and premalignant
epthelium,

Panaxi narosts=Signifies imperfect heratinization with the large, basal type of
nuclei persisting in the superficial epithehal cel) layers,

Panarruxonrnatosts=This is a term used to designate an arca of parakeratosis in
justaposition to or surrounded by an arca of lenkoplakia. It is the benign
counterpart of cancers which develop at a leukoplakic junction. Both lesions
give a positive Schiller test and must be distinguished by microscopic study.

Lruxortakta=Tis 15 a term referring to a hyperheratinized, thickly cornified
plaque which overlies immature and active epithelium, usually' associated
with some abnormal hasal ecll hyperactivity, This lesion gives a positive
Sclnller test.

KrmaTinization, ConnricaTioN—Synonymous terms referring to the normal
development of a superficial, anuclear Tayer of cells This layer may be
abnormally thickened, as in leuhoplakia or paraleukokeratosis, ’

EriperviparizatioN, SQuanous Crin Mrerartasia—Terms meaning a change in
the glandular cpithelium of the cervix toward the squamous cell type, %cm

sionally confusing and not infrequently dia O] :
Sion M}"'r ! g A inf qu‘n ly dl:\gnoscd as epidermoid carcinoma,

1
is oo Syl Ciaanits auu Ul O 8 mnhgn.am typc,

in mitoses,
misplaced,

Strarone Gersunatvunm—The palisadedike basal ).
epithelium. It 15 the area from which the res
arises,

ayer of the normal cervical
t of the cervical epithelium
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enthusiasm of many who should be interested A glossary 1s appended in an
attempt to nterpret the various nomenclatures and to group them and make for
better understanding. For the sake of the patient and her doctor, simplicity,
even though the terminology offends certain investigators, 1s more important than
the investigators’ sensitivity to names Simphieity i medical writing is important,
and avoidance of the more unusual terms found in the histologies and pathologies,
in the medical dictionaries, and in the thesaurus 1s paramount. Word confusion
1s destructive to understanding,

The question of treatment 15 a fornudable one To the gynecologist, total
hysterectomy with the removal of a small vagmal cuff is most satisfactory. No
doubt radwm, cauvterization, comzation, repair, amputation of the cervix, the
modified Wertheim operation, etc may be carried out, but unless the patient
15 to be used in a careful study group, total hysterectomy is the treatment of
choice. Lymph node involvement is rare and, at the present stage of our
knowledge, need not be considered.

Invasion should mean a break through the basal epithelum of the cervix and
endocervix and a penetration into the stroma of the cervix Invasion of endo-
cervical glands may be mvasive but can be considered, as far as treatment is
concerned, as still in situ until the tumor breaks through the basement membrane
of the gland If invasion 1s found outside of the gland, the lesion is no longer
“in situ,” but 1s invasive cancer and should be treated as such Such lesions,
even though minimal, should not be reported as cancer i situ Invasion means
that the lesion 1s no longer in situ but has progressed to the actual stage of true
cancer. Younge's idea, that as long as there is normal appearing, cornified
epithelium on the surface of a typical cancer in situ, 1t is not cancer in situ
must be further studied. His idea may be a method of separation of cancer m‘
situ from anaplasia, hyperplasia, or overactvity of the lower layers of the
epithelium Te Linde’s 1dea of the penetration of cancer mto deep glands as
evidence of invasion must be studied further and 1t 15 obvious that he wit

eventually know whether this type of invasion means true invasion or not. Mrs

Graham'’s idea of two types of cancer in situ, one mn which on vagmal smear the
cells resemble true mvasive cancer, and the other the type with the smgle
differentiated cell, may divide these lesions into those that must be treated nnd‘

those that should be studied Pregnancy certainly confuses the issue and studies

are in progress that should clanfy this situation.

In this symposum nearly 645 patients with cancer m situ have been reported
This 15 an enormous number and 1t shows that if five groups can report thys
number that there must be many more than could be located and includeq in
the obviously bemgn cancer in situ group Painstaking clmical appraisal of the
gynecologic patient will produce more cures and prevent more deaths from
cervical cancer than all the rachation and surgery that can be given to or done
on patients.



CARCINOMA IN SITU OF THE CERVIX 3

GLOSSARY
Coan s Sy Pasvaan Casern, Inmsa et Casarn, Iscrn st
Caonarme-Thewe four terms may be comvidesed as synonymous, 1t is the editor’s
Belicf that “cancer ansitn”™ s (he most cammonly used term and is certainly
avdewtiptive as the other thee

Baan Gt Mhnnsernany, Baaean Bvinenasia=Meaning activity of the
prliadedite lower or basal layer of the cenvical epithelium, There may be
an fncreare of mitotie figures or an increase in thickness or pegeing of the
aer due 1o sn increased number of normal cells, Itis obsjons that more than
normal activity is present. Thisv activity dees not represent carcinoma but is
a wamning that further epathelial development may oceur.

Asartasta=This term fs loosely nsed to desershe eells or groups of eells which are
fmmature or poorly differentiated, Hyperactivity with mitotic figures and
frregulanty in the size and shape of cells is seen. While these characteristics
are avockated with cancer, they do not mean cancer hecanse they are also seen
in areas of repair, hut should be a definite warning,

Dysamonts; Astaokamoss=These terms refer to frregularitios in grow th, size,
and conformity of the nuclei such as are seen in malignant and premalignant
epithelitm,

Paraspastosss=Signifies imperfect heratinization with the large, basal type of
nuelei persisting in the superficial epathielial eell layers,

Panats vxontratoss—This is a term used to designate an arca of parakeratosis in
justaposition to or surrounded by an area of leuhoplakia, It is the bvnign
counterpart of cancers which develop at a leukoplakie junction. Both lesions
give a positise Schuller test and must be distinguished by microscopic study.

Lrunortania~This is a tenn referring to a hyperheratinized, thickly comified
plaque which overlies mmmature and active epithelium, usually associated
with some abnormal basal cell hyperactivity, This lesion gi\'c‘s a positive
Schiller test.

Keraminization, ConNtFIGATION—Synonymous terms referring to the normal
development of a superficial, anuclear layer of cells. This Iayer may Dbe
ahnormally thickened, as in leukoplakia or paraleukokeratosis, :

Ermemupasization; Seuastous Cerr MrtarLasia—Terms meaning a change in
the glandular epithelium of the cervix toward the squamous cell type, occa-
sionally confusing and not infrequently diagnosed as epidermoid cnrc;nom;
The eells and nuclei are regular and normal appearing and Incking in milose‘s
1t should be obvious from a glance that this epithelium, allhough misphced-
is of squamous character and not of a malignant type. 0

Stratunt Grranwamivune—The pahsade-like basal layer of th
al 1z he 4 :
epithchum,. It is the area from which the rcst} normal cervieal

e of the cervical epithelium
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StraTiFication~Layers of cells lying on or above one another of the same or of
ifferent types

Ecrrorion—Exposure of the endocervin, A bulgmg forth of the glandulac epi-
thetium following abnormat development or laceration.

Concenray Enostoy or o Cesvis—~The five to twenty-five-cent-piece-sized red
area abont the external os so often seen m young women. It denotes a lack
of normal development of the cervix as this red exposed epithelium is
glandular and should be up iuside of the cervical canal, coustituting part
of the endacervic It 1s a congenital maldevelopment and exposes glandular
epithehum to contact with the vagma,

Reserve Ceris—A term wsed by Pund to describe cells that are in the basal
layers of the epithelum of the cervix at the junction of the squamous and
glandular epthelium. These cells may progress to form glandular epithelium
oF may progress o squamous eprthelum

Stace 0-The new stage added to the International Classification of Cervical
Cancer Stage 0 represents cancer 1w situ, preinvasve cancer, stra-epithelial
ancer., aﬂd l“('.‘pleﬂt cancet.,



Carcinoma in Situ of the Cervix
RICHARD W. TE LINDE, M.D.

were: A Tun 1 fundamental questions regarding, caccinoma in situ which re-
-I-:]uirc answers, These answers should be based on sound histologic and clinical
evidence and a correlation of the two.

(1) What is carcinoma in situ?

(2) What is the relation between earcinoma in situ and jmasive cenvieal
cancer?

(8) How should the cond

on be treated?

Fic 1 -Normal cervical epithelum, show

g typical strabification of cpithelial cells

In this review of the subject I shall attempt to answi
according to our present light, based chiefly on our own
extent on that of others. Within the last decade suffici
accumulated to erystallize our ideas on many phases of t

-

er these three questions
experience and to some
ent evidence has been
his subject which is not
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Sreantrrcation~Layers of cells lying on or above one another of the same or of
different types

Ecrrovon—Eaposure of the endocervis, A bulgiug forth of the glandular epi
thelium followsng abuormal development or laceration,

Coxcentral, Eroston or tig Cemvix—The five to twenty-five-cent-picee-sized red
area about the evteinal os so often seen in young women. It denotes a lack
of normal development of the cervi as this red evposed epithelium i
glandular and should be wp inside of the cervical canal, constituting part
ot the endocervix, It 1 a congemtal maldevelapment and evposes glandular
epithelum to contact swith the vagina.

Resemve Crurs—A term used by Pund to descnbe cells that are in the basal
layers of the epithelum of the cervix at the Junction of the squamous and
glandular epithelam, These cells may progress to form glandular epithelinm
O may progress ta squamouns epithelum

Staee 0~The new stage added to the International Classification of Cervical
Cancer Stage O represents cancer w site, premvasne cancer, intra-epithelial
Langer, I\“d iS\Clpkﬂ\t cances,
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only of scientific interest but also of great practical importance in helping us
attack the momentous problem of cervical cancer,

The first question—what 15 caremoma in situ?—will be answered briefly and
then the microscopie evidence to support this definition will be presented. Car-
cinoma in sitw 15 @ term which should be applied to a microscopic picture of the
surface cervical epithelium in which the individual cells through the full thickness
of the epithelial layer have the sume characteristics as those of intasive cancer.
As a poit of departure the microscopic prcture of the normal cervical epithelium
should be reviewed Figure 1 1s a typical section On the basement membrane,
immedhately adjacent to the fibromuscular stroma of the cerviy, is a layer of fat
spindle cells, the nuclei of which are oval and take a deep hematotyhn stain. The
cytoplasm of these cells also stams lightly with hematoxylin Just superficial to
these cells there usually 15 a layer or two of cells which stam lightly basophilic.
As one progresses toward the surface the cells become polyhedral. The nucler
still stain with hematoxylin but the cytoplasm takes a Iight eosin stain. Still more
superficially the cells become flattened and although the nuclei stam with hema-
tosylin the cytoplasm stains rather deeply pmk. The most superficial cells are
completely flattened and keratuuzed. In short, there is a gradual transition in
form and staiming quahities between the perpendicular basal spindle cells and the
transversely flattened superficial cells In carcinoma in situ there is a complete
absence of this stratification. The individual cells vary in size and shape and the
nucler, which are also variable in form, tend to be larger 1n relation to the cells
than those of the normal cells. Many of the nuclei stamn heavily with hematoxylm,
and mitotic figures are frequent. This microscopic picture if seen in the depth of
the cervix or mn a metastatie posttion would mean cancer to the cye of any
pathologist Figure 2 fllustrates typical emmp]ec, The transition between car-
cinoma in situ and normal cervical epithelium is often abrupt. The line of demarca-
tion may be perpendicular as in Fig. 8 or oblique as in Fig 4 When the transition
1s sudden the diagnosis is obvious but not infrequently there 15 a gradual iransi-
tion between the hyperactive looking abnormal cells in the lower epithelial
layers and the normal superficial cells Figure 5, for example, shows only hyperac-

tive looking cells in the basal layers, whereas the upper layers of the epithelium

retain normal stratification, the cells being entirely regular and benign in appear-

ance Figure 6 shows a much higher degree of mvolvement of the epithelum

with hyperactive cells but the transition from abnormal to normal cells 1s gradual,

the greatest degree of nuclear activity being n the depths of the epithelium nmi
the superficial cells appearing perfectly bemgn. When the entire thichness of the
epithehal layer 1s taken over by the abnormal hyperactive cells the condition
becomes, by definition, carcinoma in situ We have chosen to call the hyperactive
process, wlen limited to the deeper portions of the surface epithelum, “basal
cell hyperactwvity.” Since there appear to be all degrees of this abnormal cellulyy
actmty, differences of opinion regarding its significance will naturally arise We
have attempted to learn the relation between basal cell hyperactivity and carcq.
noma in situ by following patients showing this abnormality over a peniod of ey,
eral months but we confess that we have not found the absolute answer, In Some
instances defimte basal hyperactivity has been found at biopsy when subsequeng
biopsics after many months have revealed only normal cervical epithelium. Thig

,
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Fic. 3 —Showmng perpendicular line of demarcation between caranoma i situ and nosmal
epthelum
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Fic 4 ~Showng oblique line of demarcation between carcinoma in situ and normal epithelium,
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—Higher degree of basal cell hyperactivity. Buopsy Jan. 20, 1847, )
Y Jan. 20, 1847,
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Fic 4 —Showing oblique line of demarcation between carcinoma in situ and normal epithelium,
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sugegeests the possibility that the process may e reversible at an carly stage. On
the other hand, we have in some instanees taken suceessive biopsies from cerviees
from which the st one showed only basal eell by peractivity and later ones have
shown typical carcinoma in situ and even insasive cancer. Figure 5 shows a hiopsy
taken January 8, 1917, Figure 6 shows another biopsy from the same eervix taken
January 20, 1947 showing more marked basal cell hyperactivity. On October 9 of
the same year another biopsy was taken, This is shown in Fig, 7. The abnormal
cells oecupy the full thickness of the epithelinm and a diagnosis of intra-epithelial
cancer was made. A madificd Wertheim total abdominal hysterectomy was done
at that time and the cervis was cut into many blocks. Figure 8 shows plugs of
invasive cancer found on sectiomng the entire cervix. It is certain that basal cell
hypemctivity is often found in the proximity of true carcinoma in sitn and even
near invasive cancer. We are inclined to regard the microscopic finding of basal
cell hyperactivity as a warning and to follow the patient carefully for months
with repeated biopsies, I subsequent biopsies are still indefinite a sharp coniza-
tion of the cervix with cutting of the entire cone into blocks and making many
sections of the several blocks will usually confirm or reject the suspicion of
malignancy.

.x, £ A0 A~

!

Fic 9 ~Eptdernudalization.

The microscopic description of carcinoma in situ wi
calling attention to a lesion which is sometimes c
epidermidalization or squamous cell metaplasia Tk
chronically infected cervices and especially in ¢
columnar epithelium on the surface and in the

ould not be complete without
onfused with it. We refer to
his condition 1s found in many
ervical polyps. Replacing the
depths of the glands is multi-
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attempt to answer our second question regarding the relation of carcinoma in
situ to insasive cervieal cancer.

Schottlinder and Kermanner first described the microscopie picture of intra-
epithelial cervical cancer in 1912, Tt was discovered extending over the sutface
of the cenix surrounding advanced cervical carcinoma. They considered it a
method of extension of the mature malignant growth, In the 1930 Schiller
published many articles suggesting that cervical cancer might begin as a surface
lesion and even extend over a considerable area and remain on the surface for
some time before eventually invading the subjacent stroma. He presented some
clinical evidence to support his views that this surface lesion was actually early
cancer, such as deaths with recurrence following total hysterectomy for lesions
which were thonght to be in situ,

BT ST Y,
B LIS
RAREYES i

RPN 3

o, A s do L7
Rl Ly
&, el ig

Fic 11 —Bemgn epids dalization with pearl The patient was well for 20 years
after remonal of a polyp,

In 1939 Galvin and Te Linde undertook a histologic study on cervices that
had heen removed following a biopsy diagnosis of carcinoma in situ, The p1h'en.ts
were treated by total hysterectomy so that the entire uterus was :\vaihl;!e for
study. The removed cervices were cut up completely in blocks and many ‘secno
made of each block in a search for microscopic invasive cancer. In a toznl of 185
cases, microscopic invasive cancer was found 72 times It is only fair to say
that there is often some dilference of opinion as to what constih)xtes i i o
We have included n the above invasive cases some in which the “invas'nvﬂﬂ?n.
limited to the lummna of glands. 1t appears that frequently the sucfa mnl \fﬂs
first enters the depths of the cervix by traveling along the glandular llnninz\cflese;‘:;"
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layered squamous-like epithebum The cells are often vacuolated and otherwise
atypical but do not contam the hyperchromatic nuclear changes and mitoses seen
in intra-epithelial cancer, Although greatly distorted, some semblance of stratifi-
cation of the atypical cells remains The description is best made by photomicro-
graphs, such as shown in Figs 9 and 10. Replacement of all of the columnar
epithelium of glands is not uncommon and the picture may be suggestive of
mvasion but careful examination under high power magnification of the individual
cells will exclude malignancy. In some instances even epithelial pearls are present

Fic. 10 —Epidernudalization Note the semblance of stratification of the cpithelial cells,

(Fig 11). The final diff iation, as i all malignancy, is made by clinical
foll p of women sh g this d The author has done this over several
years and has found no evidence that these lesions eventuate in mahgnancy.
Uncertain pathologists have ddled in their decision by calling such lesions
precancerous but there 1s no evidence that they bear any relation to cancer.
The above descriptions represent our conception of the microscopic picture
of carcinoma in situ but the histologic conception means nothing unless the
relation of this picture to true cervical cancer can be proved. Hence, we shall
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ing the cpithelium as #t progresses { Figs. 12 and 13). All gradations of this
progress ean be seen. When the gladular lumina are completely filled and the
columnar cpithelium entirely do\(m)vd, we have what appear to he plugs of
deep lving carcinoma heneath the surface, the invasive nature of which cannot be
disputed (Fig, 14). Figure 15 is a low power section of the anterior cervieal
lip of a grossly normal appearing cerviv. The surface is covered with typical
intra-epithelial cancer up to the point indicated by the arrow, Well below the
surface are many istands of invasive cancer. Under higher magnification it can

Fic 14 —Imasine cancer, probably resultmg from destruction of glands Note the remnant of
P mng m the ¢ plug in the center of the peture.

be seen that some of these plugs of cancer have remnants of normal columnar
glandular epithelum. Since all gradations of this process of glandular destmclil;
are seen mnumerable times, Galvin and Te Linde were forced to the conclusi .
that glandular mvasion is frequently the first step in the true invasive proces g}
the 108 cases there were 20 in wlnch further carcinoma in situ was folun Ie' s.th
removed cervices and in 16 no further carcinoma of any kind was ;ound o te
From $chottlander and Kermauner's ongmal work and the above :t d wi
UI. Galvin and Te Linde 1t is evident that the finding of cmcu;om in s “'mk
biopsy may indicate three possibihities: " st
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13 —Glands being imaded and destroyed by ingrowing carcinoma,
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that the clinfeal life of a cenical cancer is only a short span in its cntire life.
It is possible that some swomen who have the in sita lesion dic from other causes
before ever developing clinieal eancer. The possibility of carcinama in sita
enisting for years in a subclinical stage is borne out hy the fact that the average
age of women with carcinoma in sitw & in the neighborhood of 36 or 37, a full
decade before the average age of women with clinical cervieal cancer,

The proper treatment of these microseopic lesions must be based on sound
knowledge of pathology. It seems evident that since in many instances we are
dealing with microscopic invasive cancer the lesions cannot be considered top
lightly from a standpoint of therapy. Galvin and Te Linde started treating these
Iesions 10 years ngo by total abdominal hysterectomy, Although the number of
patients who were aperated on five years ago is small, all of them are well.
A total of 89 women has been treated surgically during the decade and 9 by
irradiation. These were irmadiated chiely beeanse they were considered poor
surgical risks although 2 of them represent instances of accidental findings in
cervices amputated in the course of a Manchester operation, In these 2 instances
the shortened cervix was irradiated. The only death oceurring in the entire series
of 108 was in a patient who had been treated by irradiation. Tt is interesting
that recurrence was noted soon after the treatment and she died within sic
months, with metastatic cancer found at necropsy. All of the 99 women on whom
hysterectomy was performed are living and well. In most of these the interval
since operation has been less than five years so these results cannot be regarded
as statistically sigmificant. In several of the young women we have saved an ovary.
These women have remained well and we have no cause to believe that this
should not be done in this type of early malignancy. The ovary is a site of late
metastasis in cervical cancer and it seemed unlikely to us that in these extremely
carly cases removal of the ovary would be necessary. Our results with surgery
have heen so satisfactory that we see no reason for c]mnging our line of thera-
peutic attack on this problem

The hysterectomy which we perform is a little more extensive than the usual
one for benign disease. About 2 em. of parametrial tissue are removed on either
side and, probably most important of all, a cuff of vagina of about 1 em. is
removed with the cerviv. We belteve this is important because in some instances
the noninvasive carcinoma is quite extensive, reaching almost to the vagina, even
when the cervix appears grossly normal. The operation is simplified and made
safer by the preoperative passage of ureteral catheters, In this way the operator
can fearlessly and safely clamp the parametria at a distance from
frequently palpating the catheterized ureters. We have
by utilizing preoperative catheterization and feel conv
time has been saved.

In some clinics this condition has been treated by
even conization Our histologie experience in studying th,
indicate that these procedures are not sufficiently rad
f:ﬂrcixz(zmn. Some .wor}cers in this field have advocate

the cervix by
had no ureteral injuries
inced that much operative

cervieal amputation and
e removed cervices would
ical to remove all of the
d cervical ammutating fol.

' inva-
eeud ot

A4LiC s U Uoubt wiat such a procedure will result in o high percentage of cures
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(1) That the biopsy was taken from the periphery of an advanced cervical
cancer, as origmally described by Schottlander and Kermauner.

(2) That microscopic invasive cancer is present elsewhere in the cervix (in
68.5 per cent of the 108 cases).

(8) That only carcinoma 1n situ is present, However, the findings of Galvin
and Te Linde would indicate that the chances of nvasive cancer being present in
the cervix are considerable.

Fic 15 ~Low power section of antenor lip of the cervix Surface epithehum of carcinoma
situ to night of the arrow Note the imasne cancer on the extreme night

It appears that httle, of any, more mformation regarding the relation between
surface and invasive cancer can be ganed from simple histologic study. Never-
theless, clinical studies offer further possibiitics. Such studies began with the
evidence presented by Schiller in 1938 when he reported one recurrence after
five years and 2 recurrences before the lapse of five years following hysterectomy
for what was considered from the biopsy to be carcinoma in situ. Galvin and
Te Linde report one death following irradiation for this condition. The death
occurred siv months after treatment and necropsy showed metastatic cancer,

In addition to this evidence supporting the relationship of carcinoma n situ
to advanced cervical cancer, there are now reported in the hiterature approvi-
mately 30 authentic cases of advanced cervical cancer appearing in cervices
previuusly biopsied and where carcinoma in situ was found but left untreated
The lapse of time between the original biopsy and the appearance of advanced
cancer has varied between several months to 12 years It thus seems probable
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that the clinfcal Tife of a convical cancer is only n short span in its entire life.
1t is passible that some women who have the in situ Iesion die from other canses
before ever developmyg clinical cancer. The possibility of carcinoma in situ
existing for years in a subclinical stage is borne out by the fact that the average
age of women with earcinoma in sitn is in the neighborhood of 36 or 37, a full
decade before the average age of women with clinical cervical cancer.

The proper treatment of these microscapic lesions must he hased on sound
knowledge of pathology. It seems evident that since in many instances we are
dealing, with microscopic invasive cancer the lesions cannot he considered too
tightly from a standpoint of therapy Gahin and Te Linde started treating these
lesions 10 years ago hy total abdominal hysterectomy. Although the number of
patients who were aperated on five years ago is small, all of them are well.
A total of 99 women has been treated surgically during the decade and 9 by
irradiation. These were imadiated chiefly beeause they were considered poor
surgical risks although 2 of them represent instances of accidental findings in
cervices ampntated in the course of a Manchester operation, Tn these 2 instances
the shortened cenviv was irmadiated. The only death oceurring in the entire series
of 103 was in a patient who had heen treated by irradiation. Tt is interesting
that recurrepce was noted soon after the treatment and she died within six
months, with metastatic cancer found at necropsy. All of the 99 women on whom
hysterectomy was performed are living and well. In most of these the interval
since operation has heen less than five years so these results cannot be regarded
as statistically significant. In several of the young women we have saved an ovary.
These women have remained well and we have no cause to believe that this
should not he done in this type of carly mahgnancy, The ovary is a site of late
metastasis in cervical eancer and it scemed unlikely to us that in these extremely
carly cases removal of the ovary would be necessary. Our results with surgcr‘y
have been so satisfactory that we see no reason for changing our line of thera.
peutic attack on this problem.

The hysterectomy shich we perform is a little more extensive than the usual
one for benign disease About 2 em. of parametrial tissue are removed on either
side and, probably most important of all, 2 cuff of vagma of about 1 em. is
removed with the cervix We believe this is important beeause in some instances
the nonmnasive carcinoma is quite extensive, reaching almost to the vagina, even
when the cervix appears grossly normal. The operation 1s simphfied and made
safer by the preoperative passage of ureteral catheters. In this way the operator
can fearlessly and safely clamp the parametria at a distance from the cervix by
frequently palpating the cathetenized ureters. We have had no ureteral iniurie's
by utihizing preoperative cathetenization and feel convinced that much operative
time has been saved.
cxem coniaion Oun hiseloght xpemehes g e ol Smputation and
mdicate that ll;csc mccdugres alr)e not suffi : 'u l)llr]g td'e Ty moved cervices would
carcinoma, Some wtl;rkers in this field ha\;c{le(;lvo’ rtadlm, m T n“- of the
lowed by a careful and complete histologi ) y f the ey cal ampu.mtmn fal.

d gic study of the amputated cervix. If inva.
fll;lln is found the patient is irradiated; if not, no further treatment is carried out.
ere is no doubt that such a procedure will result in a high percentage of cures
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but it seems to us to be a good surgical principle to perform an operation which
completely removes a malignant lesion if it is to be attacked surgically. To
tllustrate our point of view, Fig. 16 1s a low power illustration of the entire Iip
of a cerviv, The low epithelium shown in the picture 15 carcinoma in situ and
only intra-epithelial cancer was seen m the original biopsy. However, well up in
the cervical canal two plugs of invasive cancer were found. Figure 17 shows one
of these plugs under lugh power magnification. Had this cervix been amputated,
the amputation would have been done directly through or dangerously near this
carcinomatous tissue. Our collection of histologic material jncludes a number
of sumilar cases.

Fic 16 —Low power section of lip of the cenic The low surface epithelum 1s carcinoma n
situ Note the two epithell plugs on the extreme nght,

In performimg total hysterectomy in this early lesion it is probable that we
have carned out this major procedure in some 1nstances where lesser surgery
would have sufficed to cure the patient However, this appears to us te be a minor
objection when dealing with a lesion which has Jethal possibilities.

An important question on which 1t would be desirable to have unammity of
apinion concerns the classification and name of these lesions. Carcinoma in situ
can be descriptive of only one microscopic field, whereas the entire lesion of the
cervix may mnclude some invasive cancer and it may be reasonably extensive,
even though the cervix appears normal For classification within this special
group it is a requisite that the lesion cannot be diagnosed as cancer grossly, 1f
these mi pic lesions are classified as League of Nations stage 1 1t 1s obvious
that the over-all percentage of cure in the League of Nations Group stage 1 will be
greatly increased Statistics aequired 1 this way will simply not be comparable
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sith those of previons yeass, 1t soukd seom therefare, that these lesions should be
clawified separately, Smer any name that is really deseriptse would be comber
wame ffs prapased thit they be devignated as Stage 0 and that vatistical data
be bept on thew undes that beadmg so that we may altimately learn the hest
thempentic attach
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Fie 17 —Hidwr power view of o plag from the section shown i Fig, 36, showing #t to he
MLAMLE CANCLT.



Carcinoma in Situ of the Cervix
PAUL A. YOUNGE, M.D.

"HISTORY

0 THE AUTHOR's mind there is no question that definite squamous cell carcinoma
-I-m situ of the cervix is the early stage of invasive cancer. The emphasis which
he wishes to make is that the earlier stages of carcinoma in situ (anaplasia) can
be treated conservatively and that there is ample time to evaluate the extent of
the disease even in the unequivocal cases before radical therapy is instituted.

Isadore C. Rubin, in 1910, described carcinoma in situ of the cervix for the
first time in the American literature. He called it “incipient carcinoma.” Later, in
1918, referring to 1 of the 3 cases he had reported previously he stated that the
pathologic examination “demonstrated the carcinoma in situ.” Broders of the
Mayo Clinic is usually given credit for coining the term “carcinoma in situ” when
he described early cancer of the skin in 1932 Since this term accurately describes
the pathologic lesion, implies that it is the early noninvasive stage of defimte
mahgnancy, and 15 equally applicable to early mali of glandular epithelium,
it would seem appropriate to use this term exclusively.

During the past 10 years, the concept that squamous cell carcinoma 1 situ of
the cervix is actually the early stage of nvasive cervical cancer has been aceepted
fairly widely by both gynecologists and pathologists Ten to 20 years ago, most of
the reported cases were incidental ﬁndmgs after hysterectomy for some other
reason, In addition, there were a few reported cases in which carcinoma in situ
was found on re-examination of an earlier cervical biopsy from patients who later
developed invasive and clinically obvious cancer, These latter cases are the key-
stone of the present day concept; yet to date no more than 25 such cases have
been reported in which carcinoma in situ progressed to frank cancer of the cervit
These observations, however, lead to more frequent routine biopsy of bemgn
appearing cervical Jesions which has greatly increased the number of cases
studied during the past 10 years. For the most part, all of the hterature on this
subject concerns itself with the histologic and cytologic aspects of the condition.
Judging from the discussion elicited by recent papers any attempt to treat this

disease conservanvely is ly eriticized b it is now 1l pted
to be truly early carcinoma, and, therefore, must be treated as such.

Y

DIAGNOSIS

Although most pathologists now recognmize carcinoma in situ of the cervix, hittle
is known about 1ts life history, rate of growth, the stage at which stromal invasion
takes place, when metastasis occurs, and even whether or not it is an irreversible

20
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process, Alsa, opinjons differ as to what histologic picture constitutes Xlt:(ll.’ll
stromal fnvasion. Inn 1937, Dr. Shiclds Warren disagreed with our diagnosis of
carcinoma in sitn because of the absence of invasion in a biopsy specimen which
shawed replacement of the glandular epithelium by the noninvasive carcinoma
(glandular imolhvement). Yet one year later serial sections of this cervix resealed
definite unequivoeal invasion at the same location (Figs, 1 and 2). In 1919,
Galvin and Te Linde reported 75 cases of cervical earcinoma in situ of which 53
showed invasion after thorough study. To us, the fnvasion fn their illustrated
cases is merely glandular fnvolsement which Doctor Warren would not accept as
malignaney 18 years ago. This is merely an example of the state of flux or even
possible confusion which still evists. More carefully controlled clinical experiments
must be conducted to clarify the fssue beeause the disease is being found more
and more frequently in young women whose reproductive ambitions have not
been realized fully and also because at the present time the detection and treat-
ment of cenvical cancer in the in situ stage is the only way to be able to cuse 100
per cent of the cases,

Great advance has been made in the more universal recognition of carcinoma
in situ of the cenviv in the past 20 years, There is, however, more than suggestive
cvidence that the pendulum has swung too far. Many young women are being
sterilized by irmdiation or hysterectomy for alleged carcinoma in situ when the
process actually is merely amaplasia which we suspect may be a reversible stage
in the development of cancer depending on the influence of some unknown
factors. We are sceing an mereasing number of patients with anaplasia of the
cerviv and Papamicolaow smears positne for cancer in whom the anaplasia re-
gresses, and the cytologic picture of cancer disappears. These cases are examples
of the squamous epithelium of the cervix becoming almost malignant but regress-
ing to normal as the result of the reparative process stimulated by the trauma of
biopsy, the decrease in the ntensity of local, chronic infection, jimprovement in
general health by dict (vitamins), changes in hormonal balance, or by the disap-
pearance of some unknown carcinogenic substance such as a virus or enzyme.

The important practical problem of the moment is to re-evaluate the criteria
for the diagnosis of carcinoma in situ and try to point out the type of histologic
preture which represents inevitable imasion and metastasis as well as the type
which may be a reversible anaplasia, that is, one which may be treated con-
servatively or just followed without any treatment until the pendulum swings
one way or the other As will be demonstrated, some anaplasias regarded by
competent pathologists as carcinoma in situ may regress without treatment other
than punch biopsy. Also, evidence is slowly being accumulated to suggest that
pregnancy of stself does not influence the progress of anaplasia,

Can carcinoma in situ of the cervix be cured by conservative measures? Is it
safe to attempt conservative, nonstenlizing treatment? Can invasive cancer be
ruled out by multiple biopstes? Should all cases of carcinoma in situ of the cervix
be treated by hysterectomy, and, if by hysterectomy, should it be simple or
radical? These are questions which must be answered, and we believe we can
from our experience with this disease at the Free Hospital for Women.

To re-evaluate the crteria for the diagnosis of definite carcinoma in situ we
must go back to the now historical cases in which this condition was followed by
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ha veshetoy s

Fre, 1 —Specimen from a case of classic carcmoma m situ of the cenax with glandular -
o e - o RO . N

N

Fic. 2 —The same site from which the onginal biopsy seen in Fig 1 was taken, but 12 months

later, showang the entire sq % app ly 5 mm. in dumeter.

Note the insasne Jesion m the center, glandular mvolvement on the left, and normal surface

portio epithelium on the xight This emphasizes the site at schich most carcinomas n ute
originate in the cenit

(Younge, P. A, Hertig, A T., and Armstrong, Dz Am J. Obst & Gymec., 5§ 867, 1949.)
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clinically imvasive cancer of the cerviv, Unfortunately those cases are in reality
few in number, but thev are the onlv unguestionable proof of the validity of
this concept. The original biopsy specimens i those cases all showed complete
absence of wirface differentiation, ‘The entire thickness of the noninvasive, malig-
nant-appearing cpithelivm was (‘ﬂl“])ﬂ\(‘(l of undifferentiated, hyperchromatic,
pleomarphic cells in a disarderly arrangement with mitoses in all Tayers, In most,
if not all of the cases. this malignant surface epithelinm extended into the mouth
of the cenical glands and in some cases entirely veplaced the glandular epi-
thelium. The microscopic appearance of this noninvasive, malignant epithelinm
is obvious by Jow power magmfication. It is not necessary to use high power or
oil immersion Tenses to search far mitatie figures heeanse their presence is obvious
in all lavers, and the absence of differentiation is readily evident. Figure 1 shows
the original biopsy specimen m a deliberate clinical experiment. One year later
there was definite stromal imvasion (Fig, 2), but it was still an asymptomatic
lesion only 5 mm. in diameter at the site of the original biopsy. At the time of
the original biapsy tissue from other areas of the cervix consisted of normal
squamous epithelium, but later when the carcinoma in situ had become invasive
the remainder of the cerviv showed anaplasia, or basal hyperactivity of the
deeper half of the epithelal layer.

Figure 3 shows a defimte and unequivocal case of carcinoma in situ of the
cervix which represents a more mahgnant variety of the disease which is in-
frequently seen. This case showed extreme epithelial unrest beeause, in addition,
there was carcinoma i situ of the endocervix as well as of the endometrium,
This case probably would have developed a grade i or grade v squamous cell

Xy,

)
h
J

' 1)

Fic 3 ~Specrmen from a case of extensive neoplasia of the uterus, havmg

anoma n situ of the cervix and adeno&\rnmunl:.l m situ of the er‘ldo‘c‘e-.rr‘\&xsg::;‘lnm‘l; wl} o

(5-39-2450). The above scction, showing complete lach of differentution and 1oy LM

morphism, 15 taken from the symptomless erosion on the portio of the cenix Th"mr tie Plees

years of age, had been pregnant 14 times with 10 full term delyeries and 4 }xu ety 29
was exammed because of stress incontimence seamages. She
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Fic 1 —Specumnen from a case of classic carcmoma 1w situ of the cervix with glandular -
volvement leading to mvasive squamous carcinoma at the site of the ongmal biopsy 12 months
later (Path No 37431) Ongmal biopsy from “11 o’clock” an anterior Iip of the ceryix Note
the lach of surface differentiation, mitouc figures above basal layer pleomorphism, and hyper-
chromatism of nucles  ** " 7 ) T T grown mto

(Younge, P A, Her 7, 1949 )

Fic 2 —The same site from which the ongmal biopsy scen m Fig 1 was taken, but 12 months

Later, showing the entire squamous carcmom2 measurmg approvumately 5 mm 1 dumeter

Note the mvasive lesion 1n the center, glandular involvement on the left, and normal surface

portwo epithelium on the nght This emphasizes the site at which most carcmomas in situ
ongmate m the cenix

(Younge, P A, Hertig, A T, and Armstrong, D - Am ] Obst & Gynec , 53.867, 1949 )
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tnvolt ement only). The remajuder of the cases showed replacement of part or all
of the colummar cells fn same or all of the glands {n the imolved area of the
cervin (glandular involtement).® Tnvasion of the stroma may ocenr evither from
the surface or from the involved glands. A microscopie section which includes
just the edge of an imvolved gland month but does not show the gland deep in
the cervin may sugeest or be mistaken for cardy stromal invasion from the
surface, Likewise when glands are completely replaced by earcinoma in sita
they too may sugrest nests of fuvasive cancer beneath the surface, but serial
sections can demonstrate their continuity with the surface.

Fic, 5 ~Same case (5-49-1708) as in Fig 4 Tlus shows extension of the surface cancer into
glands and posaible carly stromal fmvasion on the nght side.

The scctions of a biopsy which show a scalloped, basal horder resembling
numerous downward growing buds into the stroma (Fig. 6) may appear to he
a carcinoma i situ, but not anfrequently it represents the “surface coating™ at
the periphery of an invasive cancer. This was first described by Kermauner, in
1912, and is frequently referred to as the Kermauner phenomenon. It is ,im-
portant, therefore, in all patients from whom the origmal sct of bioi)sies show
carcimoma m situ to re-biopsy and curet the cervical canal in order to rule out
mvasive cancer. If the dimgnosis is confirmed and no more than glandular in-
volvement 1s found, a simple total hysterectomy with or without oo horc;to “'
should be performed. The amount of vaginal euff which should be rc,I:)oved 8 'n:’)
the cervix can be determined immediately preceding the hysterectomy by ‘t,l \
§cln‘ller test. In the great majority of the cases observed the vagina itlef b ot
involved so that the extreme shertening of the vagina is seldom justified. Ills -
be remembered, however, that carcinoma in situ has been seen to inv.olvemt‘ll-ns(:

.
Glandular mvolvement (endocervical) should nesver be confused with

volvement, yet how many of ns still use the mcorrect term “lymph gland”? ymeh node un-
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carcinoma of the cervix had not a hysterectomy been performed when it was
still in the in situ stage. Most of the bona fide cases of carcinoma in situ of the
cervix are similar to the one pictured mn Fig, I which represents the early stage
of the more common grade 11 cancer

The case represented by Figs 4 and 5 was asymptomatic, and the hysterectomy
was performed because of positive Papanicolaou smears. Two sets of cervical
biopsies performed without the help of the Schiller test showed only anaplasia,
and no endocervical curettage was performed. Neither biopsy obtained endo-
cervical epithelium, demonstrating that they had been taken improperly. In
Fig 4 will be seen 1n one field definite carcmoma 1 situ in between two areas
of anaplasia, the latter showing differentiation of the superficial half of the
epithelum  Figure 5 shows the downgrowth into the glands, which in places

Fic 4 A small area of defimite carcinoma mn situ with anaplasia on either side (5-49.1706)
Preaperatnne biopsies showed only anaplasta. The Papamicolacu smear was positive

suggests early stromal invasion. Although this case was treated correctly, 1t 1s
an excellent demonstration that one must know where to find carcinoma ‘1 situ
m order to perform te cervical biopsies Carei in situ of the cervix
begins at the qunction of the col and sq pithelia, and a biopsy
wiich contains only one type of epithchum is not an accurate biopsy This
case also demonstrates the importance of further study should the first biopsy
show only anaplasia because carcinoma in situ may be present elsewhere m
that cenvix

One hundred and fifteen out of 135 cases of carcinoma in situ recently reported
from the Free Hospital for Women were similar to those.picl?red in Figs 1, 4,
and 5. In 50 per cent of these cases the mahgnant epxthe.lxum was confined
entirely to the surface and was not growng down into the cervical glands (surface
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on radimn therapy. Radium is seldom if ever indicated as the treatment for
carcinoma in sitn of the cenvi,

Figure 7 shows the biopsy specimen taken from a cervixin 1936, Eight patholo-
gists agreed with the diagnasis of definite carcinoma in situ, one regarded it as
precancerons, and the tenth made the diagnosis of “nonmalignant reparative
process.” The patient’s cerviv was canterized at the time of the eriginal biopsy
in 1936, Thirtcen and one hall years later her cenix is normal clinically, the
Schiller test is negative, and tissue euretted from the endacervical canal and
removed from the portio of the cervix is normal microscopically. During the past
four years ammal Papanicolaou smears have been negative. This patient and

Fic. T.—Biopsy speaimen taken in 1936 at the time of thorough cauterization of the cenix from

a 33 year old mather of 6 children undergoing a repar of the penneum The section shaws

typical carcinoma in situ On the night of the photomicrograph there 1 glandular smoh ement

and beyond there 1s questronable stromal invasion (Path No  26609). The patient has had no
further treatment and all tests and examinations are negative 134 years later.,

22 others all showing definite carcinoma  situ have been followed from three
to 14 years and apparently have been cured, in most cases unwittingly, by cauteri-
zation of the ceruix. Six others were cured also as dcmonstmtct(’l i:y negative
sernal block study of the excised cerviv one month to six years later. ¢
Fourteen patients who for the most part have had carcinoma in situ with
glandular involvement were not cured by cauterization of the cerviv, but the
delay 1n treatment did not jeopardize the eventual outcome because,all have
been cured by subsequent hysterectomy one to 14 months after the original
hmpsy. There has been no recurrence of the disease following more radical t§e']‘t
ment in one of these patients although a hysterectomy was not perfm"med ‘i‘
some cases up to 14 months after the disease was first recoguized. "



26 MONOGRAPHS ON SURGERY

upper third of the vagina, but in these cases, Gram’s iodine solution failed to
stam the diseased epithehum.

The distinction between surface mool ¢ only and glandular invol ¢
15 of considerable practical importance. The former is the earlier stage of car-
cinoma in sit, and at least 85 per cent of these cases can be cured by thorough
cauterization or conization The cases n which repeated biopsies show glandular
mvolvement and there 15 no surface differentiation must be treated by hyster-
ectomy. If serial block sections of an amputated cervix show complete removal
of an unsuspected carcinoma 1 situ, that patient 1 all probability will be cured

Fic 6 —Surface biopsy from a symptomless nulliparous smgle woman of 50 with a positive
vagmal smear and <= T o= = om - M € ook
This photomicrogra
mdicate more exte
showed that all of
operatin e evaluatior
lymph nodes were negatie

of that cancer In cases with glandular involvement, however, the disease is so
obviously malignant that nothing short of a complete hysterectomy should ever
be considered Doing no more than amputation when there is glandular involve-
ment is Justifiable only in cases of cervical amputation as part of a Manchester
operation m which the disease was not suspected preoperatnely and 1n which
serial block sections show complete removal of the lesion Such a case must be
followed by curettage of the remaming cervical canal and Papanicolaou smears
It would be much safer, however, to remove the remainder of the uterus 1if there
is any suspicion that the lesion was not remoy ed completely rather than to rely
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A 24 year old nulliparous patient, whose cervix had been cauterized one
year previously for a congemtal erosion, came to the clinic because of persistent
leukorrhea. Inspection of her cervix showed a “spotty erosion” suggesting in-
adequate cauterization The Schiller test showed a number of small nonstaining
areas The vaginal smear was positive, and the biopsy showed carcinoma in situ
without gland mvolvement. Three sets of multiple biopsies during the next eight
months showed that the disease persisted but remained as a surface lesion. No
gland nvolvement could be d ated, and endocervical curettage showed no
extension of the surface malignancy into the cervical canal. During this time
vaginal and cervical smears were consistently positive Nine months after the
first positive bropsy a superfictal but wide conization was performed by knife
dissection. Serial block sections showed numerous scattered areas of carcinoma
i situ which did not involve the glands. Since then (one year) biopsies, vaginal
smears, the Schiller test, and endocervical curettings have been negative. The
patient has been told she 15 cured and may try to become pregnant, Obviously,
however, she will be followed most carefully

As the result of routine biopsy of all cervical lesions there has been an increase
in the number of disturbing variations observed m the squamous and metaplastic
epithelia of that organ. Al gradations from normal to definite carcmoma in situ
with early stromal invasion can be found in one cervix (Figs 4 and 5). This
teaches us the possible significance of the disturbing microscopic picture seen
m some cervices which come under the classification of anaplasia. Under the term
anaplasia we include the cervices showing basal hyperactivity and the equivocal
carcinomas in situ { possible, questionable, and probable carcinoma in situ ). Histo-
logically they are ch daff fated, pl phic, hyperchromatic
cells replacing the lower half or more of the squamous epithelial layer The more
nearly it approaches the surface and the more undifferentiated it 1s, the more
nearly it approaches definite carcinoma in situ When the first biopsy of the cervix
shows anaplasia, repeat biopsies must be performed because carcmoma in situ
or even early invasive cancer may be present elsewhere in that cervix. At least 15
cases have been observed in the past five years in which the first cervical biopsy
showed anaplasia, and by subsequent study during the course of the fcllowini;

three to 12 months carcinoma in situ has been found. At the present time all cases
showing anaplasia of the cervix on the first set of biopsies are followed at one to
three month imtervals by repeat biopsies and vaginal smears until these tests
reveal definite carcinoma in situ or all of the tests become consistently negative.
Figure 8 shows the original biopsy from the cervix of a 26 year old mother of
2 children. This biopsy specimen is an excellent example of a probable carcinoma
in situ obtained from the anterror lip of the cervix m a positive Schiller test area.
There 15 definite but minimal surface differentiation which places it in the
equivocal group. Yet, positive Papanicolaou smears were obtamed from this
patient. Subsequent biopsies during the next six months showed lesser degrees
of anaplasia, and then the patent became pregnam'. ’I“\vo years after the first
probably positive biopsy and definitel posnlhve Papanic smears this patient’s
cervix appears normal clinically, and biopsies, and vaginal smears are now nega-
tive. The cervix was not treated except for multiple punch biopsies, and preg-
nancy did not influence the condition. This case rep: the type of anaplasi

ized b;
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stained with a third applicator saturated with Gram’s jodine solution. The best
applicator is a metal one with the cotton at the end forming a soft, fluffy mass
2 em. in diameter by 4 to 5 om. in length. The normal cpithelium stains a dark
brown within 30 seconds and 43 10 60 seconds s the maximal time required for
cleansing and stainfng,

The contours or distribution of the glandular or metaplastic arcas should be
noted carefully hefore the staining is done because the only useful information
from the test s the squamous cpithelium whick fails to take the stain. In cases of
carly squamons cell carcinoma in situ of the cervix the most common finding is a
narrow margin of nonstaining cpithelivm, frequently well localized at the pe-
riphery of the erosion or cversion. It may be at the outermost portion of the cervix
if there is a wide croston or inside the external os if the cerviv is one which is
considered normal on first mspection.

Fortunately most of the carcinomas an situ do involve a part of what appears
to be normal squamous epithelium of the portio vaginals of the cerviv. In these
cases Schiller's test, carcfully performed and interpreted, should arouse the sus-
picion of the possibality of early mahgnancy in the nonstaining epithelium at its
junction with the glandular epithelum. Such a cerviv usually appears as a simple
erosion or laceration with exposure of the glandular tissue, and it is not considered
at all suspicious according to the older and now out-of-date criteria for gross
avidence of malignancy. Occasionally there is a narrow margin of slightly
thickened white ar paler squamous epithelium at the junction of the two cpithelia.
From our experience to date the Schiller test is positive in approdimately 90 per
cent of the cases of this early type of cervical malignancy. Less frequently (about
10 per cent) the malignant surface epithelium is confined entirely to the erosion
or eversion, and the Schiller test will be negative. There is no clinical test which
will reneal such areas of carcinoma i situ other than the Papanicolaou smear or
routine random biopstes around the clock. Unfortunately the Schiller test is of
no help in such cases Carcinoma in situ should be suspected in all erosions and
eversions regardless of size, and at Icast a Papanicolaou smear should be done
before treating such a lesion. At the Free Hospital for Women for a period of
over 10 years routine biopsics of benign appearing cervical lesions have produced
1 case of carcinoma i situ for every 100 cases biopsied.

.T‘hc Papanicolaou smear is nearly as accurate as a carcfully performed cervical
biopsy when there is carcinoma ¢ . ot N v

are frequently small, the select.
l(;mcc. A Papanicolaou smear p ) - e wropoy 1 Lot
one with the help of the Schuller test. When possible, both methods should be

employed before treating a cervix, and biopsies should always be done to confirm
a positive smear.

When carcinoma n situ 1s in its earlier stages, that is, surface involvement only:
the Papanicolacu smears are positive m only 71 per cent as compared to §9 e;
cent 1n the cases with extension into the glands We can depend, therefore, po
the Papanicolaou smear for the more advanced cases of carcinomn, in situ of, thn
cervix, Selective biopsy of all lesions of the cervix, with the aid of the Schill .
test plus a Papanicolaou smear, is the ideal routine for the early diagnosis of thL;:

symptomless early stage of cervical cancer During a 21 month period ending
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which may be cured by biopsy or may regress spontaneously, Other cases with a
similar microscopic picture have been found later to have definite carcinoma
m situ

Another patient, aged 26, the mother of 4 children, was being followed because
of anaplasia of the cervix The original vaginal smear was negative. She returned
to the chnic for the third set of biopsies when she was two months pregnant,
The Papanicolaou smear then was positive, and the biopsy showed carcinoma
in situ with shght surface differentiation In other words, it was a probable or
equivocal carcmoma 1n situ, Through the fifth month of pregnancy the vaginal
smears remained definitely positive for cancer, but her cervix showed no gross
changes After the fifth month the vaginal smears became negative, and she was
delivered normally at term. Postpartum biopsies and smears sere negative, and
since then she has had her sixth normal pregnancy and delivery. At the present
time, which is three years after the positive biopsy and definitely positive vaginal
smears, all tests are negative, and the patient’s cervix is normal clinically. In this
case 1t should be noted that the vagmal smears remained positive for three
months following the positive biopsy so i this mstance the regression of the
anaplastic leston must have occurred spontaneously and during pregnancy.

Since advanced cancer of the cervix is seen occasionally n patients i their
early 20°s and 17 per cent of the cases of carcinoma 1n situ of the cervix reported
by the Free Hospital for Women were in women between 20 and 29 years of
age, we must learn to suspect the early stages of the discase in any cervical
lesion at any age. The youngest patient we are following at the present time 1s
only 16 Yet, she has anaplasia by biopsy and positive vaginal smears

Data are being accumulated which suggest strongly that the Jong-standing,
chronic nflammation and epithehal unrest which exist at the periphery of the
so-called congenital eroston are possible etiologic factors in the development of
cervical cancer Eight out of 15 nulliparous women with carcinoma in situ had a
truly congenital erosion, and many of the remaming 120 cases had what could
have been such erosions aggravated by Jacerations A lacerated, everted cervix is
not unlike an erosion m that the glandular endocervical epithelium is exposed
to the vagmal environment and becomes chromeally nflamed Al of the small,
unequicocal carctnomas wn situ have been found at the junction of the two cervical
epithela so nic T o ’ )
of the portio
Junction of t.. . N o g seren
spreads slowly in all dwrections on the surface. Later 1t replaces the columnar cells
in the glands As it replaces the squamous eprthehum m 1ts peripheral growth
there 1s no visible change, but it 15 here that the Schiller test is of mestimable
value The techme of the Schiller test is so simple, yet its application and mnterpre-
tation are so frequently misunderstood First, 1t must be emphasized that 1t 1s ap-
plicable only to pithel and not to the glandular or metaplastic
epithelum of the erosion or cwer_swn.:l'he cervix is exposed with a bxyztlve specu-

e
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mucus-dissols ing solution such ;s‘;ﬂkaiol, dried with a second applicator, and then
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time interval hetween preimavive andd fpvasive cancer must be (-x(r('nwly variable,
depending on the fntensity of the causative factor. We do know from experience
and carefully followed patients that anaplasia can exst for two years and carci-
noma in sitn for up to 14 months withont progress. These facts were detesmined
Dy multiple punch Biopsies and vaginal smears, and in each ease the experiment
terminated with complete section of the excised cerviv (hysterectomy ).

Figure 9 is from a cervical biopsy performed in May 1918, The paticnt was
then 26 years of age, and she had had definitely positive vaginal smears (Papani-
colaou No, 5) for eractly two years, During that fnterval she became pregnant
and was delivered normally of her second child. Fourteen mmonths later the
first biopsy was performed and interpreted as definite carcinoma in sitn with
gland imvolvement and questionable stromal invasion, A complete hysterectomy
was performed with disappointing findings in that minimal anaplasia was the
only abnormality present. On reviewing the three sets of preoperative biopsics,
recently, it was obvious to us that there was sutface differentiation in all and
not enongh anaplasia to place this lesion in the irreversible group of definite
carcinomas in sitn. We fecel confident that adequate cauterization cither with
the actual cautery or by electrocoagulation would have been sufficient treat.
ment for this case. Yet, the exoliated cells in six vaginal and cervical smears
were characteristic of cancer for a period of 26 months before hysterectomy.

Figure 10 shows the biopsy from the cerviv of a 26 year old mother of a three
year old child treated by cauterization in 1947, The section shows marked
anaplasia with mitoses at the surface. Yet, there is some surface differentiation,
It was interpreted as carcinoma in situ by Dr. Arthur T. Hertig, and one vaginal
smear taken six weeks after the cauterization was read as positive by Mrs. Ruth
Graham at the Massachusetts General Hospital. Since then, however, all smears

and hiopsies have been negative, the patient has had hier second child, and her
cervix is normal.

TREATMENT

These cases are presented not as isolated instances of spontancous regression
or successful conservative treatment but as representative of a large group of
cases being observed and followed at the present time. They clearly demonstrate
that anaplasia and equivocal carcinoma in situ, even though having positive
vaginal smears (Papanicolaou Nod. 4 and 3), may be a reversible process and
that it 15 safe and reasonable to attempt conservative treatment f the patient’s
co-operation can be obtained. Multiple punch biopsies when performed with the
aid of the Schiller test and endocervical curettage are office or clinic procedures
which have proved themselves accurate in evaluating the extent of these early
malignant lesions. The accurate appraisal of the extent of the discase, that is,
whether the lesion involves just the surface or is growing into glands, and

et . . 1 ; S \
it is anaplasia or defimte carcinoma in situ, determines the type of
treatment for each indidua

! case. Conservative treatment, cauterization or
comization, may be performed safely in cases of anaplasia or even definite
carcmoma in situ if no gland involvement is found on at least eight punch
!nopsies “around the clock” and if tissue from the cervical canal is normal, It
is of utmost importance, however, that such conservatively treated pnh‘ents. be




32 MONOGRAPHS ON SURGERY

October 1, 1949, 37 cases of carcinoma in situ of the cervix were studied. The first
clue to the possible p of mahgnancy was obtamned by selective cervical
biopsy in 21 patients, by vagmal smear in 12, and the discase was found inci-
dentally after hysterectomy for some other reason 1n 4 The diagnoss of carcinoma
in situ was confirmed by biopsy in 9 of the 12 cases found primarily by vaginal
smears. In one the biopsy showed marked anaplasia which, plus a definitely
positive Papamcolaou smear, prompted the surgeon to remove the uterus in a
48 year old patient. The excised cervix (Figs 4 and 5) showed that the hyster-
ectomy was justified and was adequate treatment A hysterectomy was performed
on the remaining 2 patients without any attempt to confirm the positive smears.
Tlus is a practice whicl should be severely condemned. Although both cervices
were described as not malignant grossly, extensve mvasive cancer could have
been present for which simple total hysterectomy is not adequate treatment,
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Fic 9 —Second biopsy from a 24 year old patient two years after postve vagmal sme

(5-48-1876) During this wnterval she had her sccond child Ongimally ths bropes was mice
preted as carcinoma 1 situ with gl dular an ble stromal 1n ol . But now it 1s
regarded as equiocal because of the surface differentiation. Six vaginal and ceracal smears
were positnve over a penod of 26 months. The ysterectomy specimen showed only anaplusns

The histologic study of cervical epithelia showing basal cell hyperplasia, ana-
plasia, and carcinoma in situ strongly suggests that squamous cell cancer passes
through those phases before it becomes an invasive lesion On the other hand, it
would be mmpossible to state categorically that a single case has been followed
and observed to progress from basal hyperplasia to carcinoma in situ because al]
of these premvasive phases of mahgnancy have been seen frequently in the senial
sections of one cervix. It is known for a fact that a few cases having anaplasia by
biopsy developed invasive cancer withm two years {%lso carcinoma in situ in less
than 25 cases has been followed by invasive cancer in from one to 12 years The
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informed of the necessity of caseful follow-up study by vaginal smears, biopsies,
and endocervical curettage. If all of these tests are normal at three month
intenvals for a year after such treatment, that individual can be regarded as
cured, but anmual examinations should be strongly nrged. We hace had 1o ap-
parently enred earelnoma in situ reenr. On the other hand, i even anaplasia
persists after comsenative treatment, a hysterectomy shonld be performed, We
have had no reason to regret the delay in the ultimate treatment among, the
unsticcessful conservatice altempts to cradicate the carly stages of this discase,

When definite carcinoma in situ s found in one or more biopsics and there is
na gland involvement, the biopsies shonld be repeated to confirm the fact that
the disease persists or is no more extensive than originally fooud. Even then a
positive vaginal smear should be obtained after the second biopsy wounds have
healed in order to prove that the disease is still present, By following this routine
the removal of a negative uterus will be avaided beeause we have found in some
cases by preoperative biopsies that a cure has taken place.

When gland involvement is present, invasive cancer must e ruled out by
further evaluation of at least a second set of biopsies including tissue curetted
from the cervical canal. If no invasion is found, a simple total hysterectomy
should be done, removing the amount of vaginal cuff indicated by the Schiller
test. Oophorectomy is performed only if otherwise indicated. Radical hysteree-
tomy with or without removal of lymph nades is not necessary when there is
no invasion.

The facts presented in this discussion are from a personal review of 172 cases
of definite carcinoma in situ of the cerviv, 75 of which were treated before
January 1, 1945, plus over 50 cases of anaplasia of the cervix., There has been
only one recurrence among this group of patients treated ndcquntcly, but that
patient was treated with radum in 1931 after only a single biopsy. Four others
inadequately treated by trachelorrhaphy before 1932 developed invasive cancer,
and 3 of these patients died of the diseasc.
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the layers so obvious i nonnal epithelinm, There §s no evidence of differentia-
tion heyond the basal cell type. Oceasionally changes like these are seen in arcas
where the most superficial cells show normal stratification and differentiation.
This §s called basal cell hyperactivity and it is often noted in association with
cervical cancer. Here again an arbitrary line of classification needs to be drawn
and it is both appropriate and convenient to include as carcinoma i situ only
those cases where the changes deseribed above estend to the free surface of
the epithelivm,

In gross appearance, carcinoma in sita {s indistingnishable from normal epi-
thelium, The cells, however, have never developed the ability to store glycogen
and have no affinity for jodine or other glycogen stains, The Schiller test, of
course, utilizes this praperty to select areas for biopsy. Erosions of the cervix and
expased areas of endocervix also fail to stain with iodine, Although such erosions
are often found in association with carcinoma in situ, it is the zone of non-
staining, white epithelium at the periphery where biopsy should be taken. This
is obvious if one remembers that carcinoma in situ by definition is restricted to
the surface layer which is absent in areas of crosion. The relationship between
the erosion and the adjacent malignant epithelium is not always clear. In some
eases { Younge) of congenital cenvical erosion of long standing, paraleukokeratosis
and carcinoma in situ have been seen to develop at the border. 1 believe it is
fair to assume that in other cases the erosion represents the effect of slight
trauma on an area of epithelium unprotected by normal cornification; that it is,
in cffect, a direct result of the presence of carcinoma in situ. This may explain
the ease with which such erosions can often be made to bleed, and the frequent
assaciation of posteoital bleeding with carcinoma in sitw. Figure 1 is a low power
photomicrograph of a section of the cervix from a patient complaining of post-
coital bleeding, in whom a large erosion and carcinoma in situ were found. Note
that in the arca of erosion one can find no epithelium except for a few deep
ends of cervical glands, and that in several of these carcinoma in situ has replaced
the normal columnar lining,

Now what of the clinician confronted with the problem of treatment? His
deaision must be based on the balance of caleulated risks; it is essential to hun
to know the statistical prognosis of a variety of therapeutic alternatives. including,
as one of these alternatives, no treatment at all. Younge and his associates have
had the opportumty to observe 6 cases of carcinoma in situ which progressed
to invasive cancer and his paper cites 12 other instances where this has occurred
with sufficicnt time elapsed between biopsies to suggest that invasive cancer was
not present and overlooked at the time of the first examination. At the other end
of the scale are a few well authenticated instances where initial biopsy has
revealed carcinoma in situ but the cervix has remained healthy for years without
further treatment of any sort. Younge points out the possibility that the entire
tumor may be destroyed by the biopsy and cites an instance where serial section
of tl}'le removed uterus found no tumor although biopsy of the cervix a few days
earlier was pos;t‘we ln‘ our own series there were 4 instances of this same
phenomenon, serial section, however, was not done.

At the Massachusetts General Hospital in all departments, both ward

private, there have been 39 individuals with carcinoma in situ of the Ceand
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Carcinoma in Situ of the Uterine Cervix
HOWARD ULFELDER, M.D,

ELVIC SURGEONS everywhere are showing great mterest in cancer in situ and the
Prenson 15 not far to seek- 1t 1s because they are secing more of st all the time.
This may be due in part to a dissemmation of knowledge among pathologists,
but a marked increase in the frequency of cervical biopsy is also responsible
It 15 almost universally recogmzed now that cancer may lurk in the most mnocent
appearing cervix and that any open lesion or any area of epithehum that fails
to stain with dilute aqueous 10dine (the Schiller tesn must be studied micro-
scopically. Within the past 10 years the cytologic method of Papanicolaou has
also called attention to cases where bropsy should be taken, even though no other
indication for such investigation seemed to exist This particular application of
cytology has attracted special attention and recently Pund has pointed out that
a specific pattern of exfoliated cells may be found in the presence of carcinoma
1n situ.

The diagnosis of carcinoma in situ can be made only microscopically.® The
epithelum in affected areas shows complete absence of differentration and other
stigmas of ab 1 cellular devel but without invasien of adjacent
tissues. Various observers differ i their interpretation of what constitutes invasion
and there is undoubtedly room for argument on the subject. For practical pur-
poses, however, some arbitrary standard should be estabhshed to permit collec-
tion and classification of matersal. It would scem wise to set the epithehal
basement membrane as the dividing line, and to label “invasive” any lesion
where epithelial cells are seen to have penetrated this barrier. Often enough
there will be difference of opinion even on this pomt, and unless every portion
of every lesion is studied by senal section, there will be some instances of mnvasion
that never come to light. Within these limitations, however, a real effort should
be made to classify accurately each case as it is seen. The squamous epithelium
of the exocervix and the columnar epithelium of the endocervix and its glands
should be considered one continuous layer with one unbroken basement mem-
brane beneath 1t. Carcinoma in situ by these critera will include those cases
where lateral replacement of the normal epithebum has occurred, even 1n the
depths of glands, so long as the basement membrane appears intact.

There is general agreement as to what constitutes anaplasia of the epithelium.
It is characterized by wide vanations in nuclear size and chromatin distnibution,
by an increase in the number of nuclei and of mitoses and by disappearance of

« Sincere appreciation 15 expressed to Drs, Robert H Fennell and Tracy B Mallory of the
D t orp. hology, h General Hospital, for their assistance in the patho.
gic d and particularly for their pamstaking review of all the sections of fumons
\mestigated in the course of preparation of this paper
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treated up to January 1, 1919, Incladed in this review are all eases in which the
microscapie appearance at present conforms to the criteria enmmerated above,
The average age of this group of patients at the time of diagnosis was 46.4
years. Thirty-cight were married. and out of 21 where the age at marriage is
vecorded, 11 were under 20 years of age. Lombard and Potter have analyzed a
group of 519 paticnts with fnvasive cancer of the cerviv and they point out that
by applying a formula to determine those associated factors which can be con-
sidered of statistical significance, it can be shown that the age at marriage s onc
of the few factors that stands the acid test. In their series 45.4 per cent of patients
with cancer of the cenvin were married by the time they were 20 years of age,
as compared with 16 to 19 per cent of women from large control groups. Even
in aur small scrics of cases with cancer in situ we find 45.8 per cent who married
carly, a striking correlation with Lombard's observation and another fact to
suggest some close relationstup between careimoma in situ and invasive cancer.
The number of cases seen has increased in recent years, but even more inter-
esting are the figures in Table 1, where the cases each year have been classified
according to the factor considered by this reviewer to have been responsible
for the discovery of the lesion. One notes little change in the rate of discovery
by symptom, biopsy for suspicion, or as an incidental pathologic observation in
cerviv or uterus removed for other cause. Of recent years, however, there has
been a sizable increment of cases where a doubtful or positive smear was the
first hint that the lesion existed

TABLE
Detected by
Routine
Year No Cases Biopsy Symptoms  Pathology Smear
1939 4 2 2
1910 1 1
1911 1} 1
1912 2 1 1
1943 3 1 2
1914 4 1 ) 1
1945 1 1
1948 1 1
1947 i3 2 1 1 9
1918 9 1 1 7

=)
&

Removal of the uterus has been almost standard therapy here. Total hyster~
ectomy has been done in 27 instances and a more radical type of h
in 10 others. The 2 r g cases had excision of cervical 2 T
after supracervical hysterectomy years before. No case is known to have had loc:ltl‘
recurrence or metastasis, and none died in the hospital Seven have heen seen
alve and frec of disease five or more years after treatment,

Thus presents the facts about the cases known to have had carcinoma in situ
but the clinical prcture of this disease is not complete until one knows ‘in add
tion how often it has been suspected and what has been the subsequent cv‘aursh
in patients where the final diagnosis proved to be something else. There ha 'e
been 7 instances where biopsy tevealed cancer in situ and !her:{py hi .

ysterectomy

as been
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1t may be conclided on the basis of our own experience that this lesion can

<afely and adequately be managed by taking multiple biopsies of the cervix
and endocenvia to exclude fmasive cancer and then to remove in one picee the
coniv, fundus uteri if present, il a clrenmferential cuff of vagina 1 em.
or more in width. This specimen, particularly its edges, should be examined
micrascopically ta establich that excision is complete before treatment can be
considered at an end, for in 2 cases we have found x\ppr('ci:\blc extension over
the vagina adjacent to the cenviv More radical therapy than this may be con-
sidered leaning n the direction of overtreatment, and anything less must be
accepted by the clinician as justificd only at the risk of recurrence. In every case
hut 3 in this series the lesion invohed endocervical glands to a greater or lesser
degree. It would seem hazardous to attempt at present to set up subclassifications
of carcinoma in situ with the hope of justifying any therapy less than total
removal or total destruction,

1t is appropriate to paint out that carcinoma in situ is of compelling interest
also to the experimental pathologist, whose scientific curiosity is stimulated by
his urge to understand the natural history of malignant disease. Certainly it is
permissible on the basis of the evidence at hand to hypothecate that epitheliat
cancer starts in the basal layer and progresses through stages indistinguishable
from basal hyperactivity, carcinoma in situ, and then to imvasion. Indeed, the
identical circumstantial evidence put forward by Schiller, to support his thesis
that carcinoma in situ was an carly manifestation of squamous cancer, can be
applied to bolster the contention that basal hyperactwity is an earlier stage of
carcinoma in situ. Any definition of cancer that excludes lesions which have not
invaded adjacent tissues 1s inadequate by present concepts. On the other hand,
no definition of cancer can avoid the inevitability of future invasion, and to pre-
dict hehavior on the basis of cellular morphology alone is to be on notoriously
treacherous ground. Probably the relatively gross technies for studying cell anat-
omy can take us no further and future exploration must follow paths which will
disclose ultramicroscopic molecular arrangements.

Quite another approach entails the excision of living tissues to permit observa-
tions on their behavior over a period of time under test conditions. Many data
are lating on the chemi of cells as indicated by their enzyme
systems, Correlation between these studies and the clinical course of tumors
will inevitably demonstrate some chemical patterns constantly associated with
behavior patterns.

Finally one may transplant hving tumor tissue into a medium extremely favor-
ablc.for gfowth and theoretically free of any local suppressing influences that
obtain in its natural environment. One might expect neoplastic behavior to be
markedl)'r accelerated under these circumstances, if the malignant potential 1s
present in the transplant
ar;l'g;;;;::)l rgany othe]r techmes bfor measuring mdividual cell characteristics

y being applied today in hundreds of scattered laboratories. Eventu-
ally orderly minds will synthesize the data and arrange abnormal tissues into
3 spectrum which progresses from the benign to the malignant, indicating

wherever regression is possible and wher vi
v e, if anywhere, th
revorsibl gl s Yy , the advance becomes
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predicated on this diagnosis, but where the final pathologic report has been
“mvasive cancer.” Six of these are cases where the change in classification is due
entirely to our present re-evaluation and all survived treatment and are known
to be alve one to eight years later The remaming case is one where all preopera-
tive studies failed to disclose the true nature of the lesion This question of
correlation between preoperative biopsies and final diagnosis is of fundamental
importance for obvious reasons and it 1s comforting to note that i other reports
and m this one there are so few examples of this error. Even more comforting
is the fact that no such case has had recurrence or metastass. It is interesting in
this connection that 1n a review of nvasive cervical cancer by Morris and Meigs
one finds 22 instances where simple total hysterectomy was the only treatment in
a group of stage 1 lesions so small that they were unsuspected at the time of
operation, but that only 2 of this group had recurrence of therr disease at the
end of the usual five year period of follow-up
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Fic 2 —High power detail of cervical epthel
The smear was positive.

Fourteen cases originally catalogued as carcinoma 1n situ have been excluded
from this review as failing to meet the mmmnal standards Three had positnve
smears. Seven had positive biopsies, and in the other 7 the biopsy rased the
question of carcinoma in situ. Excision of the cervical stump, simple or radical
hysterectomy was done in every case and the present dragnosis must be ac-
cepted as final, Figure 2 presents an area from the sections of one of these
patents; it illustrates, better than words can describe, the problem m classifica-
tion which often confronts us. Another such instance occurred m a patient four
months pregnant, but this case also has been e'(clu(‘led and we have no individual
in our senies with concomitant pregnancy and carcinoma in situ,
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predicated on this diagnosis, but where the final pathologic report has been
“invasive cancer.” Six of these are cases where the change in classification is due
entirely to our present re-evaluation and all survived treatment and are known
to be alive one to eight years later. The remaming case 15 one where all preopera-
tive studies failed to disclose the true nature of the Jesion. This question of
correlation between preoperative biopsies and final diagnosis is of fundamental
importance for obvious reasons and 1t is comforting to note that m other reports
and in this one there are so few examples of this error. Even more comforting
15 the fact that no such case has had recurrence or metastasis, It js interesting m
this connection that in a review of jnvasive cervical cancer by Morris and Meigs
one finds 22 instances where simple total hysterectomy was the only treatment in
a group of stage 3 lesions so small that they were unsuspected at the time of
operation, but that only 2 of this group had recurrence of therr disease at the
end of the usual five year period of follow-up.
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Fic 2.—~High power detail of cenacal epithelum considered abnormal but not caranoma  situ
¢ Smear was positie

Fourteen cases onginally catalogued as carcinoma in situ have been excluded
from this review as failing to meet the minimal standards Three had positne
smears. Seven had positive biopsies, and in the other 7 the biopsy raised the
question of carcinoma in situ. Excision of the cervical stump, smple or radical
hysterectomy was done 1 every case and the present diagnosis must be ac-
cepted as final. Figure 2 presents an area from the sections of one of these
patients; it ilfnstrates, better than words can desenbe, the pmb}cm in classifica-
tion which often confronts us. Another such mstance occurred in a pnklcx}t four
months pregnant, but thus case also has been excluded and we have no individual

in our series with t preg and in situ,
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1t may be concluded an the bavis of our own eaperience that this lesion can
safely and adequately be managed by taking multiple biopsics of the cenvix
and endocenvia to oxclude fnvasive cancer and then o remove in one picee the
cenvny, fundus uterd of present, and a cscumferential cuff of sagina 1 cm.
or more in width, This specimen, pasticulaely its edges, should be examined
microscopically to establish that excision is complete before treatinent can be
comsidered at an end, for in 2 cases we have found appeeciable estension over
the vagma adjacent to the cervis. More radical therapy than this may be con-
sidered Jeaning in the ditection of overtreatment, and anything Iess must be
accepted by the clinician as justificd only at the rish of recurrence. In every case
but 3 in this scries the lesion fnvolved endocenvical glands to a greater or lesser
degree. It would seem hazardous to attempt at present to set up subelassifications
of carcinoma n sitw wath the hope of justifying any therapy less than total
removal or total destruction,

It is appropriate to point out that carcinoma in situ is of compelling interest
also to the esperimental pathologist, whose saienbfic curiosity is stimulated by
his urge to undentand the natural history of malignant discase. Certainly it is
permissible on the basis of the evidence at band to hypothecate that epithelial
cancer stasts in the basal liyer and progresses through stages indistinguishable
from basal hyperactivity, carcinoing m situ, and then to invasion. Indeed, the
identical circumstantial evidence put forward by Schiller, to support his thesis
that carcinoma in situ was an carly manifestation of squamous cancer, can be
applicd to bolster the contention that basal hyperactivity is an carlier stage of
carcinoma in situ, Any definition of cancer that eacludes lesions which have not
imvaded adjacent tissues is inadequate by present concepts. On the other hand,
no definition of cancer can avoid the mev wability of future invasion, and to pre-
dict behavior on the basis of cellular morphology alone is to be on notoriously
treacherous ground. Probably the relatively gross technics for studying cell anat-
omy can take us no further and future eaploration must follow paths which will
disclose ult copic molecular arrang t

Quite another approach entails the eacision of hving tissues to permit observa
tions on their hehavior over a period of tune under test conditions. Many data
are lating on the chemi y of cells as indicated by their enzyme
systems, Correlation between these studies and the clinical course of tumors
il inevitably demonstrate some chemical patterns constantly associated with
behavior patterns,

Finally one may transplant hiving tumor tissue inte a medium extremely favor-
able for growth and theoretically free of any local suppressing influences that
obtain in its natural environment. One might eapeet neoplastic behavior to be
markedly accelerated under these cir ces, 1f the malig; potential is
present in the transplant.
ar;n(:;s:: t:.',]:ll xr’;{?y ?lllcl{ .ldcchnics .for measuring individual cell chflracteris!ics

y being applied today in bundreds of scattered laboratories. Eventy-
ally orderly minds will synthesize the data and arrange abnormal tissues into
a spectrum which progresses from the benign to the malignant, indicnting
thcre\'er regression is possible and where, if anywhere, the advance becomes
irreversible.
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predicated on this diagnosis, but where the final pathologic report has been
“invasive cancer.” Six of these are cases where the change in classification is due
entirely to our present re-evaluation and all survived treatment and are known
to be alive one to eight years later The remaining case 1s one where all preopera-
tive studies failed to disclose the true nature of the lesion. This question of
correlation between preoperative biopsies and final diagy is of fund tal
importance for obvious reasons and it is comforting to nate that in other reports
and 1n this one there are so few examples of this error. Even more comforting
is the fact that no such case has had recurrence or metastasis. It is interesting in
this connection that in a review of invasive cervical cancer by Morris and Meigs
one finds 22 instances where sumple total hysterectomy was the only treatment in
a group of stage 1 lesions so small that they were unsuspected at the time of
operation, but that only 2 of this group had recurrence of thewr disease at the
end of the usual five year period of follow-up.

Fic 2 —High power detail of cervical epithelum considered abnormal but not carcinoma i situ
The smear was positive,

Fourteen cases ongmally catalogued as carcinoma in situ have been excluded
from this review as failing to meet the minimal standards. Three had positive
smears. Seven had positive biopsies, and in the other 7 the biopsy raised the
question of carcinoma 1n situ. Excision of the cervical stump, simple or radical
hysterectomy was done 1n every case and the present diagnosis must be ac-
cepted as final. Figure 2 presents an area from the sections of one of these
patients; it \lustrates, better than words can descnibe, the problem in dlassifica-
tion which often confronts us. Another such mstance oceurred 1 a patient four
months pregnant, but this case also has been escluded am? we have no mndividual
in our series with concomitant pregnancy and carcioma in situ.
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biopsies and 117 were discovered m uteri that were removed with preliminary
biopsy (Table 1),

TABLIL ]

NMazrni,
Com
Hy)  grmed
Powtne  teiee  Prom \
Froaveune Corcemoms Sumber  budm tomy  geute Insans Remem

Cenveal and endornical Tiopw U of Geongia 1818 43 b4 61 5 22
Cenical and condartvical Tnopay, Ohver Geaeeal

Toptal . 25 14 v 5 0 1
Cterus wilhiont provaoss biopss, U of Geosgia 119 10 .
Totals . 328 W8 4T 09 23

Coreet Inrainsr (arvenems
Coracal and andocenacal biopw, U of Georgra 28 19 ' i
Cennal and endocenacal bopmy, Olises Gonral

Hovpta) . 5 2 a2 2
Uterus wathont previows biopw, U of Georga - 29 _ _

Totals . 6 2t ¢ 6

*In all 5 speciniens the carcnoma was only slightly invasine

During the 10 year period of mtensine study, we became nterested also in
another form of subclimeal cancer of the cerviy, which we have designated as
cotert anrasite carcinoma. The covert invasne caremoma is one which is con-
cealed from view, because the invasion 1s hmited to the endocenix. The extent
of covert imasive carcmoma saried from minute foci of invasion, which were
detected only in nmeroscopic sections, to tumefaction of the entire cervix without,
however, penctration of the vaginal surface Preinvasive borders were frequently
observed microscopieally. We, therefore, believe that the covert invasive car-
cinoma represents a stage m the development of clinical cancer of the cervix and
shall include these cases in this presentation. Because invasion frequently begins
in the endocervix and because premvasne borders are commonly observed in
mvasive carcmomas, we do not believe a diagnosis of premsasive carcinoma
should be made from a biopsy alone. Endocervical curettings should be secured
n order to determine the presence or absence of mvasion. Covert invasive car-
cinomas have been diagnosed m 62 patients Twenty-mine of these were obsened
in uten which had been removed for conditions other than carcinoma and 33
were diagnosed from a histologie study of biopsies or endocervical curettings,

In the past three and one-half years we have observed an increased number
of subchnical cancers because of cytologic studies of endocervical smears, Of
the 209 cases of premvasive carcinoma of the cervia 97 were detected by smears
prior to biopsy and an additional 11 preinvasive caremomas were detected in
uten prior to hysterectomy m which no biopsy was secured, Similarly we have
detected 21 cases of covert mvasive carcinoma Ninety-seven hysterectomies have
been performed because of a previous diagnosis of surface carcinoma from a
study of biopsy or endocervical curettings In 74, remams of the carcinoma were
ammation of e werss Howeser, 5 of (e bk pie e bostoperative

> subjected to endo-

cervical curettage, i 4 the cervix had been cauterized, radium had been used in



Cancer in Situ {Preinvasive) of the Cervix Uteri
EDGAR R. PUND, M.D., AND JOE M. BLUMBERG, LT. COL., M.C., U.S.A,

HE DIAGNOsIS of surface carcinoma is based on cytologie alterations of normal
Tepithehum with preservation of tissue relationship, funchonal epithelium js
changed into a vegetative type Our own observations have led us to believe
that the epithehal cells of ths disorder are fully neoplastic and will ultimately
mvade the underlying stroma unless eradicated. For this reason we consider
the term “preinvasive carcioma” as best descriptive of the disease There are,
however, deficiencies m our knowledge of preinvasive carcmoma of the cervix
uteri and conclusions cannot be considered factual or final. It 15 thercfore es-
sential that conclusions be drawn from all available material, This is particularly
true today, because the presence of a premvasive carcnoma can be detected by
the method of exfoliative eytology and diagnosed by Tustologic study of a biopsy.
If the assumption be correct that premvasive caremomas will ultimately result
m i i then adeg therapy before the occurrence of invasion
should result m a tremendous merease m the cure rate of cancer of the cervix

MATERIAL

The materal for thus study was acquired over a period of 10 years of intensive
search n the Department of Pathology of the Unwversity of Georgia Schoo} of
Medicine. All digressions from normal of the epithelium of the cervix uteri were
carefully appraised, both 1n biopsies and 1 utert Special attention was directed
to the squamocolumnar junction because this is the most frequent site of car-
cinoma For a period of five years sersal blocks were studied from the cervix
of all uteri which were removed for conditions other than cancer Cytolngxc
studies were begun three and one-half years ago, and, at the present tine,
endocervical smears have been obtained from approximately 15000 women.
The arduous task of cutting and examining senal blocks from the cervices, two
to 10w number, has been abandoned except in when endocervical
smears wete suspicious of cancer and m cases of pregnancy, When uteri were
removed without previous eytologic study or when endocervical smears were
negative, a routine block was removed from each lip of the cervix unless otherwise
ndicated by gross appraisal However, when d ated ntra-epithelial anaplasi
was observed mn routme sections. sersal blocks were studied. Furthermore we
have reviewed all cervical biopsies m the files of the University which caver a
period of 27 years. For the past two years sumilar studies have be.en made at the
Oliver General Army Hospital. P g i has been diagnosed i 826
patients. Tn 209, the diagnosis was made from a study of cervieal or endocervical
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criterion for judgment of the duration of the neoplasm and for urgency in
complete eradication hy surgical means.

It is difficult, and we believe unwarmanted, to attempt to prove definitely that
every preinvasive carcinoma will ultimately develop invisise characteristics.
Sufficient evidence has accumulated o indicate that this i probable, It would
be hazardous, indeed, to observe a patient with prefavasive carcinoma over a
period of time until imvasion developed. Supportive evidence may come from
the development of chemical tests. Becanse most of the patients in whom the
diagnosis of prefavasise careinoma is made are treated adequately for carly
carcinoma, we espeet in the next few years to colleet dats from our files which
will demomstrate a decline in the incidence of overt fnvasive carcinoma.

Fic 2 —Pramasine ¢

2 ¢ LN a of the ctional endocen ix,

J 5 cell type. Ciremoma

found m routine sections from the uterus of a white female, .\g:.-d 36, The cnr)crn’nunu c\(unls‘
wto several glands, but remains confined ta natural surfaces,

(U of Ceorgia #48941, Armed Forces Inst, of Path., Ac 21855140 )

The reproductive period is the usual time of onset of the early carcinoma;
however, the mamfestations of clinical cancer may be long delayed. Amon, (l; .
deficiencies 1 our knowledge is the relationship of pregnancy to.cﬂncerg \Ve
cannot explain the large number of preinvasive carcinomas that we have obsérve:;
m pregnant uterz. We have had the opportunity of examming by sernal blocks
(he'cervlces of 81 pregnm(llt 1or postpartum uteri. In these we have found 12
P an ive covert carcinoma and i ‘:
borderline changes Three of the preinvasive carcinomas and t]?e llnili"gliim W'E .
carcinoma were detected with cytologie study of endocervical smears ‘andc cmve th
by biopsy. Therefore 9 of the 77 uteri without a diagnosis of carcinoml')\r?of;
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8, and in 1 the cervix had been amputated. In only 5 of the 97 uteri did the
cancer prove to be wmvasive and in all of these invasion was so slight as not to
contramdicate operative procedures. In only 1 of these 5 was the endocervix
intentionally curetted, in 2, biopsies of the cervis alone were submitted, and
in 2 the diagnosis was made from endocervical tissue which was accidentally
obtained at the time of corporeal curettage.

THE STATUS OF PREINVASIVE CARCINOMA

We define a premvasive carcmoma as one w which the neoplastic epithelivm
1emains confined to the natural surfaces and does not penetrate the barrier of
the underlymg restraming stroma This carcinoma frequently eatends into the
glands, apparently in contuity with the surface (Fig. 2) Involvement of the

NORMAL COLUMNAR EPITHELIUM ————~3n ALSERVE CELL PROLIFERATION ~mmn—dnSOUAMOUS METAPLASIA

INTRAEPITHELIAL ANAPLASIA

PREINVASIVE CANGER wupm INVASIVE CANCER
BASAL CELL PROLIFERATION
NORMAL SQUAMOUS EPITHELIUM

INYRAEPITHELIAL ANAPLASIA
Frc I -Dugram llustrating morphologic changes of the cervical epthedim in relation to
carcinogenesis
(South M }, 43 384, 1950 )

endocervical mucous glands is not constdered valid evidence of imasion as long
as the growth is confined to the natural surfaces. As the anaplastic epithelium
extends mto the glands, the normal columnar epithelum is undermmed and
displaced inward, so that the Jumina become narrowed Careful study will show
that the outermost neoplastic cells Ime the previous natural surface The distine-
tron between surface spread and ivasion 1s most mmportant because the selection
of curative procedures and the extent of surgreal treatment depends on the pres-
ence or absence of mvasion. In most of our cases the mvolvement of the glands
nppeured to be a direct extension from the surface, however, on several occg-
sions, 1t seemed that the cancer arose in many foci, both on the surface and i
the glands. From a } gie diagnosti int the extension of the neg-
plastic cells into the glands proves a fortunate circumstance. Frequently from
manipulation in securing a bropsy, much of the su‘rfnce may be denuded from
the spect but the p o} anaplastic cells in the glnnds. may affirm the
diagnosis. Because the period of tme bcl\veeP preinvasion and inv asion may be
reckoned in years, the extent of glandolar involvement may be utilized 25 4
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fe=Pranvasive caranoma of the junctional avdoconas, mpafealy differentiated squamous
el type, Carcimoma found m routine sections from the uterus of 4 Negro funale, aged 38
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tained a preinvanive carcmoma—a rather startling 117 per cent. More study is
veeded to clanfy this observation. One would be tempted to deduce that the
preinvasive carciomas may somctunes be reversible Cytologie study seems ta
wdicate that this deduction is probable Six pregnant patients have had positive
cervical smears and immediately following delivery, smears became negative and
have remained negatwe for a masimum perrod of six manths.

ORIGIN

The squamocolumnar junction 15 the most frequent site of carcinama of the
cervix (Fig. 3). Ths is particularly true of the premvaswve cascinomas (Kig, 4).
Even with due allowance for possible fluctuatians of the line of this junction in

Fie 8 ~Squamocolumnar qunction of a normal cenvin This is the mast frequent sdte of caranoma
apd o} squamous metaplasi,
(U of Georgia #77082, Armed Forces Inst Path Ac 218551-6% )

instances of pseudo-erosion and also with due allowance for ectropion in the
deeply lacerated specimen, we are impressed with the nearly umform location
of the early lesions Invohement of the stratified squamous epithelbal swface
occurred in only a relatwely small number of our specimens and n most it was
usually attnbutable to a downgrowth and replacement rather than to orsgin on
this surface The vertical eatent was surprising, the larger Jesions covered ag
snuch as 2 om The lateral (transverse) extent was more lirted than the vertical,
however, it was occasionally errcumferential Evidence that the remote source of
most preinvasiye cancers is the endocervical basal celf or, better, the reserve eell,
is striking. These graups of cells ase demonstrable 1 nearly all human cervices
and are capable of ous multipl to form sq taplasia.
The location of these cells corresponds to the location of early carcinoma,
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Fic 4.-Pransaie caramoma of the junctional endocenx, imperfealy differentiated squamous
el type. Carcinoma found m routine sections from the uterus of a Negro fonale, aged 38,
(U of Georga #064730,)

Fic, 5.~Resenve ¢l hy perplasia of the junctional endocersix. The cells are uniform and the la er
1s composed of only two to four cclls If daffe oceurs, i will rcsexll
If anaplasia ensucs with an ncrease n the layers, premvasive carcmoma will result, Compare

with Figs 5and 8 Scction from biopsy of cervix of a white female, aged 28, P

{11 nf Crarma 4700%4 Y
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Morphologieally these primitive reserve cells and the proliferatmg cell clusters
bear a close resemblance to the common small cell surface neoplasm In fact, the
nature of small groups and clusters frequently cannot be determined with cer-
tainty (Fig 5). It 15 only after multiple layers are formed and progressive
outward differentiation or continued lastic growth b pp that
a diagnosis can be estabhished of squamous metaplasia (Fig. 6) on the one hand
and premvasive carcinoma on the other (Fig. 7). We believe that, once started,
an autonomous growth can assume any of the micioscopic vanations observed
m the squamous cell carcinomas; therefore, we may see the small hyperchromic
spindle cell type which closely resembles its ancestral reserve cell and, in other
insmnces, we may see squamous cell carcinoma, 3nd sometunes there may be
an admxture,

Fic, 8 —Squamous metaplasia of the junctional endocervix Note that a number of glands are 1n-
vohed Mature squamous epithehum dev clops from the reserve cells (Fig 5) A sumlar invohe-
ment may be seen m prenvasne cancer (Fig 2) and should not be considered as mvasion,
This 15 not a precancerous lesion
(U of Georgia #45636 )

In a previous report we noted that dent sq plasia of the
endocervical epitheltum was present in 55 per cent of the cases. This, however, is
Jower than the expected mcidence of 72 per cent as found by us in a previous
routne cxamination of all cervices In a number of cases where metaplasia was
absent, the carcinoma was circumferential and eatensive. Because the two lesions
appear in the same site, we deduce that neoplastic cells have displaced the
metaplastic cells in some mstances.
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Fie. T=Prumasie caranoma of the sescnve ol type The oclls ase anaplastie, pleomorphie,
and multilayered, without tondeney to diffesentiate, Compare with Figs. 5 and 6, Cicumifer-
ential promasne caranoma of the junctional endocenix of surface and glands found inci-
dentally i the uterus of a white fanale, aged 36.
(U. of Georgia 3 17059, Anned Forces Inst, Path. Ac 218551-47.)

g Kerati Tonlak
};l:‘-& derk dmn‘;g m‘)d s ) and antra-cputhehal anaplasia (dysharyosts) of postio, Tlus

q with a premvasive carcinema which este,
mnto the endocervix See Fig, 9 entends

{U. of Georgia #156386.)
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Although the majority of preinvastve carcinomas seems to anse from the
reserve cells, some preinvasive cancers, however, apparent]y develop from pre-
existing squamous metaplastic epithellum of the junctional endocervia or from
i o In these a

10n of non-

[ » .- -y @ transfor-

mation of the reversible dissociated intra-epithelial anaplasia (dyskaryosis) mto

true premvasive carcinoma which 15 probably urreversible In cases where much

of the vagwal portio was mvolved, 1t appeared that the carcinoma arose from a

pre-existing leukoplakia with associated dyskaryosis, hiere the tendency of pro-

liferation is agam into the endocervical canal (Figs. 9 and 10). In general, the

neoplastic cells seem to displace more readily the columnar or metaplastic
squamous celfs of the endocervical imng than the normal squamous epithelum.

Fic 9 —Premsasie carcinoma of the junctional endocersix which 1s continuous with a dyskarv-
atic feuboplalus of the portio Same case as seen n Fig 8
(U of Georpa #45636 )

In a similar manner, caremomas may anse in the junctional endocervix from

feukoplakie or keratmizimg hanges of plastic squamous epithel The
occurrence of her g epitheli pid f phasia) on the vagnal
portio of the cervix and 1 the metaplastic epithelum of the junctional endocerysa
should be idered a borderline or y change, provided that there 3

no prolapse of the cervix This change frequently occurs on the vaginal portio of
the prolapsed cera, however, here 1t serves a useful purpose. Because of the
change of environment of the cervia, 1t offers more protection than the normal
mucous type of epithelum Inasmuch as thus is a purposeful transformation, 1t is
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our experience, with others, that cascmonias seldom arise on cervices which have
Deen completely prolapsed, In the absence of prolapse epidermal metaplasia is
an atypical change, putely without purpose, therefore entirely an abnormal form
of prubderation and oue to he conudered a borderlme or precanceions lesion. The
basal cells of the steatum germinatvum of pre-evisting squamons cells and of
metaplastic squamons cells, on occasion, particnlaly in pregnancy, show a high
degree of prohferation. This change we consder & reversible ore and occastonally
dysharyosis devclops at these utes and premnasive cancer follows
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Fic 10 —Dysharyosis of metaplastic squamons cpathelimm of the junctional endocenna This
change 15 frequently seen m pregiancy, both on the saginal portio and 1 the endocernax It 1
probably reversible. Because of ats frequent assocsation with preim asie cancer, 1t should be
considercd o bordurline change Section from a pregnant uterus (embnyo 4 «am ) from a Negro
female, aged 21 ’
(U of Georga #70879 )

i

BORDERLINE CHANGES

A limited degree of dyskaryosis 1s commonly observed in papillomas of the
cervix as well as of the vagina. Similar changes are also observed in the so-called
venereal warts which are presumed to be of virus origm. It would therefo
appear that the papiilomas of the cervix are also of virus origin These are frxe
quently noted m pregnancy and have a tendency to disappear spontm;ec ;Lv-
although they may persist but will respond to treatment, Our ey crien i
general surgical pathology has led us to believe that venereal \vartspr it tcedm
quately treated may become true mvasive cancers, In a sinular manner we (l)ml? ?'
::lrat papillomas of the cervix with pronounced dyskaryosis should be mxlsidéﬁgs
by lesions By | rous we mean a lesion which does not have
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Although the majority of preinvasive carcinomas scems to arise from the
reserve cells, some premvasive cancess, howeves, apparently develop from pre-
existing squamous metaplastic epithehwn of the junctional endocervin or from
the squamous cell of the vaginal portion of the cervix {Fiv. 83 [n these a

: 100 of non-

. o @ transfor-

mation ot the reversible dissociated intra-epithelial anaplasia {dyskavyosis) mte

true prefuvastve carcinoma which is probably irreversible. In cases where much

of the vaginal portw was involved, it appeared that the carcimoma arose from a

pre-existing leukoplakia with assaciated dyskaryosis; here the tendency of pro-

hferation 15 agmn into the endocervical eanal (Figs. 9 and 10) In general, the

neoplastic cells seem to displace moare yeadily the columnar or metaplastic
squamous cells of the endocervical hining than the normal squamous epsthelium,

-

TR oL AP L R A

Fic 9 ~Premnsasne caranoma of the 1 end which s with 2 dyshary-
otse levhoplabia of the porbo Same case as seen n Fag. 8
(U of Georga #45636 )

in a similar manner, carcmomas may anse in the junctional endocervix fram
Y

leukoplakic or keratinizing changes ot p it pithehium, The
occurrence of keratimzing epithelium (epidennal metaplasia) on the vagmal
portio of the cervix and in the metaplastic eprthelium of the j ! endocervia
should be considered a borderline or p change, p ded that there 1s

no prolapse of the cervix This change frequently occurs on the vaginal portio of
the protapsed cen ix; however, here 1t serves a useful purpose. Because of the
environment of the cervix, it offers more protection than the normal

change of § !
s pe of epithelium Inasmuch as this is a purposeful transformation, it 35

mucous 1y
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changes may be present i other portions of the cenvdx and therefore use the
term “hordetline.”

1t is unfortunate that cells which are evfoliated from arcas of dysharyosis
cannot always be dilferentiated from cancer cells when examined by the film
technic of Papanicalaou, 1t is difficult, therefore, to follow these patients with
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Fic J12.—Early invasive caranoma of the rescnve ol type (cosert), Cireumferential caremoma

of the junctional endoccnix with an occasional focus of superfical invasion found incidentally

mn the utcrus, This 15 not extension into glands, the neoplastic epthchum has invaded the stroma.
{U. of Grorgia # $1608, Armed Forces Inst Path Ac 218551-36,)

routine cytologic studies without the use of some type of therapy. At the present
time, of there is no defimte cancer present, we recommend following the pregnant
cases with cytologic studies and have observed that filins from a few patients
became negative after delwery. If there is no pregnancy and an adequate study
of the cervin has climinated the presence of cancer, we recommend cautery
conization of the cervix and then a follow-up with efoliative cytologic study.

EVIDENCE FAVORING NEOPLASIA
CrroLocy

The cells that compnse the surface cancers possess the same cytologic char-
acteristics as those of invasne carcinomas. The nuclei are hyperchromatic and
vesicular, the nuclear-cytoplasmic ratio is increased; anisokaryosis as well as
dyskaryosis is a promment feature; and there is a tendency to basophilism of the
Cytoplasm. Polarity of the cells may be completely lost or when diffe
1s present 1t is imperfect and incomplete. The transition of the vegetati
differentiation 1s abrupt. Therefore carcinomas may be of rescrve

rentiation
ve cells to

cell type
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sufficient charactenistic changes to be denoted definitely as cancer but which,
through experience, has been shown 1 a certain number of cases, but not in all,
to develop mto cancer at a later date.

It 15 not uncommon to find lesions on the vaginal surface of the cervix near the
portio which exhubit a certain amount of tra-epithelial anaplasia similar to that
seen m papillomas but without papilloma formation. Moreover, when squamous
metaplasia 15 present in the endocervical canal at the junction, dyskaryosis may
occasionally be seen (Fig. 11) Dyskaryosis of normal and metaplastic squamous
epithellum and basilar hyperplasia are especially common 1n cases of pregnancy
By basal cell hyperplasia we mean the proliferation of the basal cells of the

LT PRSI 3 Y X I “

Fic 13 ~Basiar hiyperplasia with shight dyskaryosis in a section of a biopsy from a pregnant
(three months) white female, aged 23 This 1s probably reversible but should be considered
a borderhine change
(U of Georgia #0-2479 )

stratum germiativum mn excess of that usually found in the normal squamous
epithehum of the portio or of the metaplastic squamous epithelum (Fig. 12)
The nuclei are regular and orderly, and these cells show a tendency to differ-
entiate fully into glycogen-contatning cells on the surface. While 1t is possible
that thnis change may be the forerunner of cancer, we do not believe that 1t has
the signifi of the intra-epithelial anaplasi

1t 15 not uncommon to find mn sertal blocks of cervices a series of gradations
such as basilar hyperplasia, dyskaryosis, and preinvasive carcinoma (Figs. 9
and 10) The frequent assocration of dyskaryosis and basilar proliferation of the
normal and metaplastic squamous epithelum with pregnancy suggests that
these changes are reversible. Because of a similar assocm_hon, however, with
premmvasive cancer, we nust use a term which displays our ignorance as to what
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heen recognized. Younge, Hestigt, and Anmstrong have recently reported 18 cases
and Ayre and Ayre an additional 1, thus 19 instasnces have been reported where
invaston follow ed 4 sunface carcinoma We have also been able to collect 66 cases
from the literature of preimvasise caremoma followed over 4 penod of one to 16
years which have ot deseloped waane catcinoma. Tn these 66, however, 60
had received adeguate thesapy. such as radium. cauterization, hysterectomy, or
amputation of the cenn In 1, trachielorrhaphy had been performed and they had
been followed from 10 to 16 years 1t s possible that the carcinoma was com-
plttely removed by the reparatne operation on the cerviv. The period of obser-
vation of I case, which was diagnosed by curettage, and an additional case which
was diagnosed in several bopsies, was four and six years, respectively. Another
patient i whom amputation of the cenas was performed had been followed for
five years and premasne caremoma sull persisted. We have recently observed
a patient in whom the diagnosis of preanasive carcinoma was made nine years
previously. At a subscquent biopsy this year, preimasive carcinoma was still
present in the cerva,
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Fic 13 ~Pranvasie carcnoma, squamous cell type, of t
, ype, of the Junctional endocen i from a s
of a biopsy from a white female, aged 38 Bmps{ was sceured and the endocen i was cu::lltl:s
because of a positnne cytologic smear See Fag 14

Early mvasive carcimomas are frequently bordered by nonmvasive epithelia]
nvolvement, and, when both premvasne and invasive areas are demm?stnbl’
the extent of the premvasive border vanes inversely with the amount of x‘nm‘ o,
In other words, mvasion may begm at one site and gradually destroy the entire
premvasive area, It appears then that the cancerous epithehum s )n'ny f] ot
Junctional area from an mtial focus, or possibly foei, and thé grgfvi:;cgmcglllc

s
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(Fig. 7) or of squamous cell type (Figs. 2 and 3). Both types with their inter-
mediate gradations may anse from the reserve cells of the columnar epithelium
of the junctional endocervir, However the carcinomas which arise from basifar
proliferation and dyskaryosis of pre-existing squamous epithelium tend to produce
squamous cell carcinomas only (Fig. 10).

Suoie

Almost all observers agree that the most frequent site of cancer of the uterine
cervix 15 the squamocolumnar Junction (Fig. 8). This, too, 15 the prevailing site
for preinvasive carcinoma. The junction of two types of epithelium 15 a favor-
able site for the development of cancers in other portions of the bady. There exist
at this area cells which are capable of replacing the two kinds of epithelium
order to maintain pre-emsting relationships. The reserve cells of the junctional
endocervix serve this purpose, and, therefore, are probably more responsive
to growth stupuli than the g cells This eapl the frequency of
cancer at this site and the predominance of reserve cell type of cancers, especially
in the mitial stage

INCIDENCE

In examuinmg senal blocks from 1,200 utens which were removed for reasons
other than carcinoma, preivasive carcinoma was found in 39 per cent. This
figure compares fasosably with the incidence of carcinoma of the cervis, approai-
martely 25 per cent The higher figure i our series 1s probably due to the fact
that many of these uteri were removed because of disease of the cervix Fuither-
more, 1 examination of endocervical smears from 10,000 women with controlled
biopsies, i most cases with suspicious smears, a diagnests of cancer was made
25 per cent, 15 per cent were mvasive cancers and 1 per cent were preinvasive.

Ace DIFFERENTIAL OF PrrINvasve CARrcinoaa, CoverT INVASIVE CARCINOMa,
axp Ovest CARCINOVIA

In our first series of cases, which imncluded 47 premsasive carcinomas and 8
covert imasive carcinomas, there was a difference in the average age of six years,
366 years for the premvasive carcinomas and 42 8 years for the covert invastve
carcinomas. One hundred cases of overt ive carci were sel; d and
the average age of these proved to be 49 years. In this present larger seres of
premvasive carcwomas of the uterus, the average age 15 37 years, the youngest
19, and the oldest 61. However, the average age of patients with preinvasne
carcinomia of the cervix in wluch the diagnosis was made by biopsy 1s 40, the
voungest being 22 and the oldest 78, The 46 cases of covert mvasive carcinoma
averages 47 years of age with the youngest 33 and the oldest 76. Based on the
average ages of th's group of covert mvasne carcmomas, it now appears that
mvasion begus on the average of 10 years after the preinvasive phase and that
frank cancer may be delayed an additional two years.

Crinicat Counse
In a previous article, we were able to collect 14 cases from the hiterature in
which invasion developed from one to 12 years after a preinvasive carcinoma had
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been recognized. Younge, Hertig, and Armstrong have recently reported 18 cases
and Ayre and Ayre an additional 1; thus 19 instances have heen seported where
mvasion followed a sutfuace caremoma We have abo been able to collect 66 cases
from the terature of preimasive careinoma followed over a penod of one to 16
sears which have not developed msavve caremoma. In these 66, however, 60
had received adeqquate therapy, such as radm, cautertzation. hysterectomy, or
amputation of the cenvin. In 4. trachelorrhaphy had been performed and they bad
been followed from 10 to 16 years. It 1s possible that the carcinoma was com-
pletely removed by the reparatine operation on the cervi. The peniod of obser-
sation of 1 case, which was hagnosed by curettage, and an additional ease which
was diagnosed m several biopsies, was four and sy years, respectively. Another
patient in whom amputation of the cervix was performed had been followed for
five years and preimasne caremoma still persinted. We have recently observed
a patient in whom the diagnosis of premsasine carcinoma was made nine years
previously. At a subsequent biopsy this year, preimasne carcmoma was still
present in the cervia.

. e

T

.4

Fic 13 —Pramvasne carcinoma, s¢ 11 ty)
, squamous cell type, of the junctional cndoteniy from a sect
of a biopsy from a white female, aged 38 Bmpsf' was secured and the cndocen iy was c;::u‘fx’;
because of a positine cytologie smear. Sce Fig 14,

Early invasive carcimomas are frequently bordered by noninvasive epithelial
mvolvement, and, when both preinvasive and invasive areas are demonstrabl
the extent of the premvasive border varies mversely with the amount of inygs o
In other words, invasion may begin at one site and gradually destroy t} r:su?n.
Preinvasive area. It appears then that the cancerous e 7 lae entire

: pithelium springs f,
Junctional area from an imtial focus, or possibly foci, and lhé grg\vul;gncul‘lc
ells
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spread vertically and Jaterally over the endocervical surface and to a Jess eteat
onto the squamous surface Furthcrmore the growing cells estend into the
mouths and lumina of the endocervical mucous glands and downward to displace
stratified squamous epithelusm of the vaginal aspect of the cervix. The neoplastic
cells follow normal contours with nicety and are destructive only of pre-existing
epithehum in this earddy phase. After an undetermined penod of latency, true
mvasion of the tissue occurs into the cervical stroma and actual tumefaction be-
gins (Fig. 13). Study of the early invasive phase in our several incidental cases
wdicates that it usnally cecurs m a single area, initially, so that the smalfest
tumors are to one side of the canal or os. 1t 15 not unusual, however, for the
neoplasm to invade the entwe endocervix Even these tumors are often hidden
i the mtact specimen and are revealed only on section. The early mvasive carer-
nomas are not visble on vaginal exammnation, and we have therefore denoted
them as covert invasive carcmomas, After a shorter period of this phase, the
carcinoma breaks through the vaginal portio or mvolves the portio at the eaternal
os and then becomes mamfest as a chnical carcinoma

‘We have stated that the average age of patients with preinvasive carcinoma
was X0 years less than that of those wath covert invasive carcinoma. However, it
should be emphasized that this 1s an average age interval and the time of mvasion
m the 14 cases reviewed by us ranged from less than one year to 12 years It
would be impossible, on a histologic bass, to determine m mdwidual patients
when mvasion was likely to oceur The estent of glandular involvement and the
degree of anaplasia of the neoplastic cells should serve, however, as entena for
urgency of treatment and the extent of surgical procedures.

DETECTION AND DIAGNOSIS OF PREINVASIVE CARCINOMA

‘We have noted that 81 per cent of patients with preinvasive corcinoma of the
cervix are asymptomatic, furthermore, the p of a preinvast i
cannot be detected by visualization or palpation, It is true, however, that it may
be suspected at sites of epidermal metaplasia and leukoplakia of the everted
endocervix and vaginal portio of the cervix From our eaperience fn the handling
of 214 uteri as surgical specimens m which premvasve carcinoma was present,
we have never been able to recogmize any changes that were charactenstic,
despite the fact that m 108 of these we knew that a premvasive carcinoma was
present because of a previous cytologic film or biopsy.

For ion, then, of carci wm s p ive phase, one must rely on
the eytolagie test devtsed by Papanicolacu and Traut, which has proved effica-
csous. In our faboratory we use a method of obtaning matenal from the ende-
cervical junction by the use of a cotton applicator An ordinasy cotton appheator
15 inserted mto the endocervical canal, twirled a few times 1n one direction and
then rolled on a shde In everted cenvices the applicator should also be rubbed
against the area of eversion. In addition, a flm s made from the vaginal poof in
order to detect eafohated atypical endometrial celis and other cells which reflect
hormonal activity. The stides are sminersed immediately m a solution of cqual
pasts of ether and 93 per cent ethyl alcoho! and should remain 2 this solution
for at least 15 minutes but may remain there for several houss. IF the slides are
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to be mailed to the laboratory, dnving is presented by the technic recommended
by Ayre and Dakin. One or two drops of glycerin should be placed on the film
and it is then covered with a clean slide or two filmed slides are placed face to
face. The endocenvical Blms are stained by the method of Papanicolacu which
affords the greatest tramsparency and the clearest nuclear detal.

We prefer the swab method of obtaining smears. The junctional endocersix is
the usual site of incipient cancer and we assume that more atypical cells would
be found here than in smears from the vaginal pool. However vaginal smears
should also be obtained because of detection of abnonnal endometrial cells and
for stndy of cytologic changes reflecting abnormal hormonal activity, Because
confirmation is necessary by biopsy, we prefer that the cenvix should not be
scraped for fear of risk of denudation. With the swab method cancer cells are not
found in large numbers and careful prolonged examination is necessary. Smears
should be seeured from the endocervia during the luteal phase of the cycle be-
cause larger numbers eafoliate at this period.

At the present time we have, in association with Nicburgs, evaluated the com-
parative exfolistive cytology for the detection of cancer of the cervix uteri in
10,000 paticnts. In the entire series only 332 had positise films. Of these, 234 have
been investigated by biopsy with the result that cancer was observed in 185 (79
per cent); 6 of the 185 confired cancers proved to be in the preinvasive stage.
In our sunv ey then of 10,000 cases, on a corrected figure 2.5 per cent had cancer,
1.5 per cent were invasive, and 1 per cent in the preinvasive phase.

We have called attention to a speaific cell which is observed in smears from
cervices with preinvasive carcinoma. The recognition of this speaific cell has
facilitated greatly the detection of cervical cancer in the incipient phase. The
marphology of this cell is eatremely diverse and can be distinguished only by
comparison. The main distinguishing features of cells from preinvasive cancer
are the unusually large size. The abundant cytoplasm generally stains a typical
yellow-orange color with the Papanicolaou stain. The nuclei may be either small,
hyperchromatic with lack of detail and wregular nuclear membrane, or they may

be large, foamy, and agranular with well or ill defined borders. Conversely there
may be nuclei with distinct borders and a particular type of granularity, unlike
that found in invasive carcinoma. In addition there is usually a striking pre-
dominance of normal cells and the cells of the vaginal smear may be of the comi-
fied type, although the patient may be in the secretory phase of the cycle or of
menopausal age. These cells were found in 71 patients who were investigated by
biopsy and 57 of these proved to have preinvasive carcinoma, 4 had invasive
cancer, 1 endometnial cancer, in 3 there were borderline changes, and in 6 biop-
sies were negative. The recoguition of this cell, which possesses some attributes of
fllll'ercmiation, is important in following patients in whom surgical interference

is either contraindicated or undesirable L of pr th ili

A change in the cytology of the smear t ]l' ]D o, ety

anaphs%ic type ngx be I';\)x,n indication f;r :mizeir::elnlgi:’em:t?lmsb Cell.s of @ more

gical eradication. study by biopsy or sur-
Itis g Iy ded that the Pap

of cancer has passed the experimental stage and i

Proved equally efficacious in the detection of prei

cytologic method for detection
s an accepted procedure. It has
nvasive carcinoma and invasive
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spread vertically and laterally over the endoceniical surface and 1o a less extent
onto the squamous surface. Furthermore the growing cells estend into the
mouths and Jumina of the endocersjcal mucous glands and downward to displace
stratified squamous epithelium of the vaginal aspect of the cervix. The neoplastic
cells follow nommal contours with nicety and are destructive only of pre-eaisting
epithelium in this eatly phase After an undetermined period of latency, true
invasion of the tissue occurs into the cervical stroma and actual tumefaction be-
gins {(Fig. 13). Study of the early invasive phase in our several incidental cases
ndicates that it wsually occurs in a single area, initially, so that the smallest
tumors are to one side of the canal or os. It is not unusual, however, for the
neoplasm to mvade the entire endocervix, Even these tumors are often hidden
m the mtact specimen and are revealed only on section. The early invasive carci-
nomas are not vistble on vaginal examination, and we have therefore denoted
thern as covert invasne carewomas  After 2 shorter period of this phase, the
carcinoma breaks through the vaginal partio or imsolves the portio at the external
os and then b ifest as a clinical i

We have stated that the aterage age of patients with preimasive carcinoma
was 10 years less than that of those with cosert invasive earcinoma. However, it
should be emphasized that this is an asexage age interval and the time of jnvasion
m the 14 cases reviewed by us ranged from less than one year to 12 years, It
would be impossible, on a histologic basis, to determine in individual patients
when invasion was hlely to occur. The eatent of glandular invols ement and the
degree of anaplasia of the neoplastic cells should sene, howeser, as enteria for
urgency of treatment and the estent of surgical procedures.

DETECTION AND DIAGNOSIS OF PREINVASIVE CARCINOMA

We bave noted that 81 per cent of patients with preinvasive carcinoma of the
cervix are asymptomatie, fusthermore, the presence of a preimasne carcinoma

cannot be d d by visual or palpation. It is true, however, that it may
be suspected at sites of epidermal plasia and leukoplakia of the everted
endocervis and vaginal portio of the cervix. From our experience in the handling
of 214 uteri as swgical i in which preinvasi i was present.

we have never been abfe to recoguize any changes that were charactenstic,
despite the fact that in 108 of these we knew that a preinvasive carcinoma was
present because of a previous cytologie film or biopsy.

For d ion, then, of ¥ m its prefavasive phase, one must rely on
the cytologic test devised by Papanicolaou and Traut, which has proved effica-
cious. In our laboratory we use a method of obtaining material from the endo-
cervical junchon by the use of a cotton applicator. An ordinary cotton applicator
is mserted into the endocervical canal, twirled a few times in one dwection and
then rolled on a slide In everted cervices the applicator should also be rubbed
against the area of eversion. In addition, a film is made from the vaginal pool
arder to detect exfohiated atypical end } cells and other cells which reflect
hormonal activity The shdes are immersed immediately in a solution of equal
parts of ether and 95 per cent cthyl aleohol and should remain i this solution
for at least 15 minutes but may remain there for several hours. If the slides are
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commanly begins i the endocenvical canal, it enables one to differentiate be-
tween a preinvasive and an invasise carcinoma (Fig. 14).

We have noted that covert imvasive carcinomas frequently have preinvasive
borders, The biopsy may be obtamed at the site of the preimvasive border and
thus the invasive carcmoma will be missed unless the endeeenvix is curetted. The
value of this procedure has recently been reported by us in a study of 71 cases
m which the diagnosis of carcmoma of the cervix was made by examination of
biopsics of the cenvx or endocenical eurettage in which the cancer, in a biopsy,
was preimvasive. We have now studied 81 cases by this procedure (Table §1). In

TABLE 1t
Biorsy anb Exvocusican Cunerrace
Peerntante Tatesan toa
Conbrmed by Conhrmed by Fodure of Ve )
Vamber  Ufritiretemy  Hpiteevifcmy (anfrmation  Opirit oa Fazgsan

Biopsy presntasise,

srapings pramsasne 28 17 2 7 2
Biopsy proamsasie,

Krapings negative 23 9 9 3
Biopsy negatine,

scrapings proumasae 11 1 2 3
No biopsy, scrapmngs

premasne 10 1 3 13
Biopsy promsasne,

scrapings unaspe 5 2shight 3
No biopsy, scrapings

masne . 3 24 3
Biopsy negatine;

scrapungs fegatine 2 2

Total ... T 36 4 13 E 3

* Only shight invasion Curcttings obtained accdentally i I case
1 Only shght invasion Curcttings obtained accidentally
1 Opcration advised 1 1 case because of shight invasion Invasion proved superficial in

uterus after temosal No oporation advised in other case because of adianced mvasion. Unter
mcluded n specimen

Note *We™ 1 this presentation s editonal 1 the sense that st rufers not only to the con-
tnbuting authors, but also to our collal leagues of previous li S. H. Auver-
bach, H. E Nicburgs, ]| B Nettles, Fred Dich, Jr, '] E Echols, ]. D Caldwell, and E. §
Cardwell, Jr. Grateful acknowledgement 1s made to Miss Juanita Sirmans for her recosdin,

and collection of data and secrctanal assistance - s

mi]":;:s a more complite bibliography., the reader 15 referred to the bibliography of the appended

28 cases the biopsy was positive for preinvasive carcinoma and the endocerical
curettings were positive for preinvasive carcinoma; 21 of these have been sub-
jected to hysterectomy and in 17 the premvasive carcinoma was confirmed. In 2
having carcioma of the uterus a minimal amount of invasion was noted in th;
specimen obtained from the cervix after hysterectomy. In 23
vasive carcinoma was observed in the bopsy of the cervix

observed m the endocervical curettings, 18 of these have been subjected t

hysterectomy and 1 9 the diagnosis was confirmed but in the other 9 nt]) ine
of the cancer could be found. Compared w e

with the above senes, this is ey
> this is evidence
of the smallness of the cancer because much of it was removed by the cervical

patients the prein-
and no cancer was
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carcinoma. However, we behieve that confirmation should be sought by biopsies
and endocervical curettage because therein lies the definite diagnosis. We con-
sider the exammation of cytologic films a methed of detection but not one of
dragnosis It must be emphasized, however, that multiple biopsies at the squamo-
columnar junction are A mi of four biopsies should be ob d
and we have found endocervical curettage a valuable procedure, In this series of
826 cases of premvasive carcinoma, 108 of the patients were detected by flm.
During this same pertod, we have diagnosed 62 covert invasive carcinomas of the
cervy, 21 of which were detected by film (Table I).

e S, g AT 3
TN AR | st
Fic 14 -1
m Pig L

Hysterect e e e
the junctional endocersia m a specimen of uterus from the same patient Remams of carcinoma
were found 1n three of seven blocks of the junctional endoceryin
(U of Georgia #82022.

1In patients with an overt mvasne carcmoma of the cervix, biopsy alone 1s all
that 1s necessary to confirm the diagnosis However, when po carcinoma 1s clini-

cally apparent, premuasive must be diffs 1ated from invasne carcr-
noma, because, without mvasion there 1s httle likelthood of penetration of the
lymphatics, and, the possibility of 15 remote. The treatment may de-

e

pend on the absence or presence of invasion, therefore, we recommend m cases
with positive films not only multiple biopsies but also endocervical curettage. The
endocervical curettage serves two purposes: (1) When the carcinoma is ex-
tremely small, it may be missed in the biopsy; thus curettage enables one to make
a better survey of the cenvin than with biopsy alone. (2) Because invasion so
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these cases fell, we deemed it advisable not to use roentgen therapy because of
the frequency of complications and its castrating effects. A carcinoma which is
confined to the natural surfaces has little opportanity to gain entrance into the
Iymphaties or blood vessels, and consequently the possibility of metastases is so
remote as to be negligible. We therefore recommended total hysterectomy in many
of these young women and also suggested that the ovaries be presenved. T.ln's
surgical procedure removes the entire cancer-bearing area and by presenving
the ovaries prevents the sudden onset of menopausal changes. Then, too, if
menopausal symptoms do deselop at a later date, of the cancer-bearing area has
been removed, there wall be no contraindication to the use of estrogenic sub-
stances for the treatment of the menopausal symptoms.

As our material accumulated and we became cognizant of the fact that iova-
sion may be present in the endocervical canal and not apparent at the site of the
biopsy, we advised, as a prelminary to hysterectomy, maultiple biopsies of the
cenvia and endocervical enrettage. When the method of exfoliative cytology was
introduced and we were able to accumulate a Jarge number of cases both of the
preinvasive type and the covert invasive carcinoma, we noted a difference in the
age group which had been previously reported on a smaller series of cases. In
our first series the average age of the preinvasive cancer patients was 36.8 years,
while those who had covert invasive carcinoma the average age was 42 years. It
seemed apparent then that, on the average, invasion took place within a period
of six years. We hesitated, therefore, to wait before performing hysterectomy on
these patients. Howeser, since the cytologic method has enabled us to detect
more covert invasive carcinomas, we have noted, with this larger series, that the
average age is now 47. It would appear then that the average interval of time for
the conversion of a preinvasive carcinoma into an invasive carcinoma is approai-
mately 10 years. We have, therefore, adjusted our r dations of therapy
to this newer knowledge. Furthermore, at the beginning of our studics, the
efficacy of the study of cytology had not been determined, especially in reference
to preinvasive carcinoma. It is now of proved worth and can be relied on to
detect the majonity of cancers of the cervix, whether they are preinvasive or in-
vasive,

Our recommendations at the present are as follows: If a cytologic film from
the cervix is found to contain cells strongly suggestive of cancer, in other words, a
positive Papanicol test, we I d multiple biopsies and endocervical
curettage, When thus surgical procedure is carried out in the operating room, we
further recommend that a cautery conization of the cervix be done at the same
time. If study of the biopsy and endocervical curettage gives evidence that the
carcinoma is in its premvasive stage, it is recommended that this patient be fol-
lowed by cytologic studies to determine 1if the carcinoma has been eradicated.

If a subsequent film proves positwve, total hysterectomy 1s indicated. If invasion is
found, the depth and estent of the invasion are determined in so far as possible
by the exammation of multiple biopsies and endocervical curettage. When inva-
s1on appears superficial, an exploration is ded with hyst
goal. 7
dO“IZ:I:le[:, :D;n n:tv: believe that.lt 1s necessary to remove the uterus in all cases. We
empt at eradication of the cancer should be made by cauteriza-

y as a
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biopsy and by the endocervical curettage, whereas when 1t was present in the
endocervical scrapings, in only 2 of the 19 cases was there a failure to find
remains of cancer. In 11 patients the biopsy from the cervix was devoid of any
recogmzable cancer tissue; however, cancer was found in the endocervical curet-
tage. Six of these have been subjected to hysterectomy and in 4 preinvasive
carcinoma was present and in 2 no remains of carcinoma were found. In 10
patients only endocervical scrapings were submitted; 5 of these have been sub-
jected to hysterectomy and premvasive carcinoma of the uterus was found in
and in 1 there was slight mvasion, In this 1 case, however, the cervix was pot
debiberately curctted; the matenal was included in the corporeal scrapings. In 5
patients the biopsy of the cervix was preinvasive, whereas there was evidence
of invasion in the endocervical curettings; n 2 of these the mvasion appeared so
shght that eaploratory Japarotomy was recommended with aim of hysterectomy
if there was no excessive induration of the cervix, evidence of extension mto the
paracervical tissues, or absence of evidence of metastases. In both of these pa-
tients only slight nvasion was present In 5 patients no biopsy was obtamed from
the cervix but mvasive carcinoma was noted m the endocervical curettage. Be-
cause of only shght invasion in one, hysterectomy was performed and only shght
invasion was present in the cervix of the r d uterus. Ad d invasion was
diagnosed 1 another but, because there was no cancer apparent on the vaginal
portion of the cervix, the physician clected hysterectomy and this proved to be
an eatremely advanced carcinoma which had invaded the paracervical tissues
and one ureter was included in the specimen. This patient died shortly of
anuria, Two patients had positive cervical smears and an attempt was made to
confirm the dragnosis by biopsy and endocervical curettage. In both of these the
biopsy was negative and no cancer was found in the scrapings, however prein-
vasive carenoma was found in the cervix of the removed uterus. The endocer-
vical scrapings and the biopsy, however, did serve the purpose of ruling out
Invasive carcinoma,

Qur totals then are 82 patients in whom a diagnosis of preinvasive carcinoma
was made from the biopsy of the cervix or a diagnosis of carcinoma was made
from endocervical curettage alone and 2 patients with negative biopsy and curet-
tings Fifty-six of these have been operated on and in 36 the diagnosis of prein-
vasve carcinoma was confirmed, in 4 the diagnosis of invasive carcinoma was
confirmed, 1n 13 no remains of carcinoma were observed, and mn 8 invasion was
found when the previous diagnosis was premvasive carcinoma, In 2 of these 8
cases, however, the endocervical canal was not dehiberately curetted If these 2
cases are elimmated from the 56, then ow error in diagnosis with biopsy and
serapings is approximately 5 per cent, but the mvasion was so nunimal as not to
have harmed the patients.

TREATMENT

As pathologists we have frequently been called on to advise as to the proper
therapy in cancers of the cervix In the early period of our study, when a diag-
nosts of preinvasive carcisoma of the cervix was made, the usual procedure was
utilized for treating patients with carcmoma, that is—radmn which was consid-
ered the method of choice Because of the young age group in which many of
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tion in the younger age group If the patient is 40 years of age or over, total
hysterectomy may be an elective procedure rather than cauterization of the
cervix In other instances, if there are indications for hysterectomy other than
the p cof ap ive c: we concur m the advisability of total
hysterectomy. The treatment of each patient should be individualized.

At the present we are at a loss to know exactly what to advise 1 cases of
pregnancy. If biopsy can be safely performed after a patient has had a positive
Papanicolaou stain, we think that this is mdicated in order to determine whether
or not invasion is present. If there is absence of invasion, we feel warranted in
heeping the patient under close observation but allowing the pregnancy to
proceed normally. After delivery, carcful studies both by cytology and by biopsy
should be made of the cervix and treatment carried out as recommended above.
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In the six year pesiod from 1943 to 1948, 8,166 women were studicd by vaginal
ancar at the Vineent Memorial Laboratory of the Massachusetts General Hospi-
tal, There were 432 cancers of the corvin and of these, {0 were elassified as pre-
mvauve 1t s this group of 40 cases which we are to diseuss here.

The vaginal smear was positive in 35, or §7.5 per cent, and negative in 3, a
false negative pereentage of 125 per cent. Twelve of these patients had cenvices
which were somewhat suspicious of cancer and a biopsy was taken at the same
time as the first vaginal smear. Howesver, in the semaining 28 or 70 per cent, the
patients were thought to be without wny suspacion of disease clinically, and the
pasitive saginal smear was the only evidence that they might have an early carci-
toma. We have found that the majority of the cases which are regarded as un-
suspected and diseovered by the ey tologie examination of the vaginal smear are
preimasive carcinomas. We have 38 cases which are classified as unsuspected,
ie, without clinical signs or symptoms of utenne cancer. Twenty-cight of them
were histologically carcmoma in situ and 10 were invasive carcinoma.

In Table Lis & list of the cases of carcinoma in situ which have been studied by
the cytologic method. We hase made no attempt to differentiate between vaginal,
cenical, cenvical seraping, or endocervical smears. It is our opinion that any
of these incthods are satisfactory and the choice is a matter of individual prefer-
ence. We have limited our study almost entirely to the vaginal seeretion and
found it satisfactory One great advantage of the vagmal smear is the case with
which material may be obtained.

TABLE 1
Divesosis b Cancivoria s 51v 1y CyToLocy
No of No of posi- No, of nega-
Author Year cuses tive reports tie reports

Papanicolaou and Traut 1943 7 7 [
Cates and Warren 1945 1 1 ¢
Ibedl ot 2} 1947 13 8 5
Ave . ... 1948 36 a6 o
Foote and Li 1948 18 1 4
McSweeney 1948 1 1 0
Ayre .. . 1949 1 1 0
ang L., L. 1949 2 2 i}
Diddle t al .., 1949 4 3 1
Graham and Me . 1949 40 35 5
Cuberg ... . . . 1949 1 1 0
Iheda ., L, L 1949 1 4 0
Kraushaar et al . 1949 7 7 0
Nicburgs and Pund 1949 34 34 0
Schram and Di Palma . 1949 1 1 0
Shapier . . ., 1949 21 19 (or suspicious) 2
Younge ct al . ..,. 1949 18 14 4
Hunter and Richardson 1949 1 1 0
210 159 37

Table I clearly indicates that the cytologic method has focused attention on
these preinvasive carcinomas The first reported cases with positive cytologic re-
ports were those described by Papanicolacu and Traut in their monograph in
1943. Smce that time an increasing number has been collected, until in the two
years 1848 and 1949 alone 189 cases were reported as studied by the vaginal



Carcinoma in Situ of the Cervix: the Cytologic
Method in Diagnosis and Study

RUTH M. GRAHAM

BESENT CURE BATES for carcinoma of the cervia are far from satisfactory. One
P of the recent reports by Munnell and Brunschwig on a large series of cases
from Memorial Hospital presents a five year cure rate of 28.6 per cent for the
total of cases in all stages of the disease. This differs very little from Heyman's
figures of the League of Nations Report of 1938, though the lapse of time is 10
years. However, if the cervical carcinomas are subdivided according to the eatent
of the disease, the stage 1 cases do much better, 53 per cent five year cures, It
has become an obvious and almost tnte fact that the chance of cure depends on
early discovery. Because of the mterest in early diagnosis, the small group of
cases diagnosed histologically as carcinoma in situ or preinvasive carcinoma has
assumed increasing importance.

Since the cytologic exammation of the vagmal smear has been heralded as a
method which is extremely valuable in the diagnosis of early carcinoma of the
cervix, it is natural to inquire into its validity in this earliest of all lesions, the
premvasive carcinoma of the cervin. It 1s the purpose of this paper to assess, if
possible, the usefulness of the method in discovering such lesions both from our
own eapenence and from reports of other clinies. We would also like to suggest
that the vaginal smear may be an excellent method of investigating the behavior
of these early pl B our only of the of the
cytologic method must be an evaluation of its report against that of the histologie
sechon, we must of necessity accept all the pathologic reports as bona fide pre-
invasive carcinomas Since the cellular changes which a i m
situ vary with the pathologist, 1t 1s recognized that perhaps some of the diagnoses
would be interpreted differently under other circumstances. However, until agree-
ment is more general, we see no alternative to accepting these diagnoses as truly
representing premvasive carcinoma.

Doubt has been expressed that a sufficient number of cells for recogmtion will
desquamate from the small preinvasive carcinoma. Cytology is, of course, on
much safer ground if positive diagnoses are made on numbers of desquamated
cancer cells, rather than on the basis of one or two. It has been our experience
that in general more malignant cells are found in these carly cases than in the
late stages of invasive carcinoma. It must be remembered that the method de-
pends on the presence of well preserved cells. They are more likely to be piesent
when the surface of the tumor is well nourished, as in the carly lesions, thau
the late cases where the surface is often necrotic.

64
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In the six year period from 1943 to 1918, 8,166 women were studied by vaginal
smear at the Vincent Memorial Laboratory of the Massachusetts General Hospi-
tal. There were 432 cancers of the cervia and of these, 40 were classified as pre-
invasive. It is this group of 40 cases which we are to discuss here,

The vaginal smear was positive in 35, or 87.5 per cent, and negative in 3, a
false negative percentage of 12.5 per eent. Twelve of these patients had cervices
which were somewhat suspicious of cancer and a biopsy was taken at the same
time as the first vagiial smear. However, m the remaining 28 or 70 per cent, the
patients were thought to be without any suspicion of disease clinically, and the
positive vaginal smear was the only evidence that they might have an carly carci-
nioma, We have found that the majority of the cases which are regarded as un-
suspected and discovered by the cytologic esamination of the vaginal smear are
preimasive carcinomas. We have 38 cases which are classified as unsuspected,
ie., without chinical sigus or symptoms of utenine cancer. Tweaty-cight of them
were histologically carcinoma in situ and 10 were invasive carcinoma.

Tn Table Lis a list of the cases of carcinoma in situ which have been studied by
the ¢y tologic method. We have made no attempt to differentiate bebween vaginal,
cenvical, cenvical scraping, or endocervical smears It is our opinion that any
of these methods are satisfactory and the choice 1s a matter of individual prefer-
ence. We have limited our study almost entirely to the vaginal secretion and
found it satisfactory. One great advantage of the vaginal smear is the ease with
which material may be obtained.

TABLE [
Diacnosis oF CarcinoMa IN SiTU BY CyTOLOGY
No of No of post- No. of nega-
Authar Year cases tive reports five reports

Papanicolaou and Traut 1943 7 7 0
Gates and Warren . . 1845 1 1 0
Lbell et al .. . 1947 13 8 5
Ayre ........ . 1948 36 36 0
Foote and Li . . 1848 18 14 4
McSweency . B 1948 1 1 [
Ayre . - . 1949 1 1 [}
ung .. . 1948 2 2 0
Dddle ¢t al .... 1949 4 3 1
Graham and Meigs . 1949 40 33 5
wherg . . . . . . 1948 1 1 0
Reda .. 1949 4 4 0
Kraushaar et al . 1949 7 7 0
Nieburgs and Pund . 1949 34 34 0
Schram and Dy Palma 1849 1 1 0
Skapier .. . . . 1949 a1 19 (or suspicions) 2
Younge etal . ., . 1949 18 14 4
Hunter and Rachardson . 1949 1 0
210 188 ay

Table I clearly indicates that the cytologic method has focused attention on
these prefuvasive carcinomas. The first reported cases with positive cytologic re-
Ports were those described by Papanicolaou and Traut in their monograph in
1943, Since that time an increasing number has been collected, until inbthe twa
Years 1948 and 1949 alone 189 cases were reported as studjed by the vaginal
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RESENT CUBE RATES for carcinoma of the cervix are far from satisfactory. One
P of the recent reports by Munnell and Brunschwig on a large series of cases
from Memorial Hospital presents a five year cure rate of 286 per cent for the
total of cases in all stages of the disease. This differs very httle from Heyman's
Bgures of the League of Nations Report of 1938, though the lapse of time is 10
years However, if the cervical carcinomas are subdivided according to the extent
of the disease, the stage I cases do much better, 53 per cent five year cures, It
has become an obvious and almost tnite fact that the chance of cure depends on
early discovery Because of the interest in early diagnosis, the small group of
cases diagnosed histologically as carcinoma 1n situ or preinvasive carcinoma has
assumed increasing importance.

Smce the cytologic examination of the vaginal smear has been heralded as a
method which 15 extremely valuable i the diagnosis of early carcinoma of the
cervix, it is natural to inquire into its validity in this earhest of all lesions, the
preinvasive carcinoma of the cervix. It 1s the purpose of this paper to assess, if
possible, the usefulness of the methed in discovering such lesions both from our
own experience and from reports of other clinics, We would also Like to suggest
that the vaginal smear may be an excellent method of investigating the behavior
of these early neoplasms. Because our only measure of the accuracy of the
cytologic method must be an evaluation of its report against that of the histologic
section, we must of necessity accept all the pathologic reports as bona fide pre-
1wvasive carcinomas. Since the celtular changes which constitute a carcinoma in
situ vary with the pathologist, it 1s recognized that perhaps some of the diagnoses
would be interpreted duff ly under other ci However, until agree-

ment is more general, we sec no alternative to accepting these diagnoses as truly

‘Doubt has heen expressed that a sufficient number of cells for recognition wiil
desquamate from the small premasive carcinoma. Cytology 1s, of course, on
much safer ground if positive diagnoses are made on numbers of desquamated
cancer cells, rather than on the basis of one or two. It has been our experience
that in general more malignant cells are found in these early cases than in the
late stages of invasive carcinoma, It must be remembered that the method de-
pends on the presence of well preserved cells. They are more likely to be present
when the surface of the tumor is well nourished, as in the early Jesions, than n
the late cases where the surface is often necrotic,
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amear. This represents asubstantial increase in the recognized incidence of carci-
noma in sita, Fable 1 lists the total number of cases with a diagnosis of carcinoma
in situ by biopsy before ticatment. In the 15 year penod (1933-1919), 365 cases
were reported. Obviously, the cytologic method s of great importance i the
discovery of these cardy lesions, The posttive report from aither vaginal or cer-
vical sceretions mahes a hiopsy imperative. This factor alone probably accounts
for many of the cases reported. In the absence of a cytologic report it appears
unlikely that many of the cervices would have been biopsied. The cytologic
method is of real importance in that it selects patients for biopsy.

It is pertinent to mention the accuracy of biopsy in these carly lesions. In our
own series we found the first smear to be correct n 87.5 per cent of the cases, the
first biopsy in 70 per cent. We feel that the cytologic method is somewhat more
accurate than the routine biopsy in this group of cases. This may be eaplained by
the fact that a smear is a representative sample of cells from the entire surface of
the cenvix, Biopsy necessanly is limited by the size of the specimen removed.
Many of the preinvasne lesions present no suspicious area and 1t is difficult to
choose the site where tissue is to be removed. Both methods have a highly useful
place m the diagnosis of the preinvasive lesion.

The accuracy of the smear m diagnosing all cases of carcinoma in situ as re-
ported in the literature is 90 per cent. We have not been able to determine
whether this is on the basis of one or more smears per case since n many papers
the method of evaluation 1s not given, However, in our own series, the evaluation
15 on the basis of the first smear and the accuracy of these (875 per cent) 1s
comparable to that of the collected cases, The obvious value of the cytologic
examination of cervical or vagmal fluid n the diagnosis of preinvasive careinoma
cannot be deunicd. In fact, the merease m detection of early lesions by cytology
may be the most important contribution of the method

it has been shown above that cytology 1s important and accurate in detecting
cases of premvasive carcimoma. We would also like to suggest that it may be of
importance m investigation of the behavior of thus entity Gates, MacMillan, and
Middleton in an interesting paper say. “We beheve that the vaginal smear is an
ideal means of studying the development of carcinoma m situ or early carcinoma
of the cervix, ..

Smce the earliest reports of a cervical lesion which was described as a pre-
nvasive carcinoma, there has been much discussion as to whether this represented
a true carcinoma The question has been 1ased time and time again as to
whether all these lesions possessed the capacity to become invasive and thus be
classified as a true carcinoma. At the present there is fauly general agreement

that they represent the carliest form of cervical carcinoma. However, there stll
remains a small group of cases i which the patient is cured by biopsy or inade-
quate treatment There has been much emphasis in the past few years on the
case of carcinoma in situ which developed to invasive carcinoma over a period
of years. But httle attention has been paid to the cases which did not. It seems to
us that these cases are worthy of attention
belf:rza(}?elztn we have tabulated the cases of carcinoma in situ proved by biopsy
the cases d.ment A su{ﬁmen.t length of time has'nf)t lapsed to .be able to evaluate
iscovered by vaginal smear from a clinical standpoint. For the clinical
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may apply that same rule to these carly lesions? Cells which are morphologically
identical to carcinoma cells that may revert to normal deserve the closest atten-
tion i cancer research, We should be able to clucidate jmportant details of the
behavior of early carcinoma.

The study of these cases is of first importance and if all are operated on without
extensive study, we as a group have neglected a real opportunity to increase the
nowledge of beginuing cancer. The cytologic method may be the optimal way
to study this problem. The cases could be followed and secretion obtained as
often as desired. Morphologie changes in the cells could be observed. The sim-
plicity of the method makes it an ideal one for an investigation of this
nature.

Since the cases of preinvasive carcinoma appear to react differently clinically,
we reviewed our own series to sce if any difference could be discovered in the
morphology of the cells. In the usual case of invasive squamous carcinoma the
positive vaginal smear contains both undifferentiated and differentiated malig-
nant cells. The undifferentiated malignant cells have an'increase in chromatin, an
aberration of the chromatin structure and vary in size and shape. The undifferen-
tiated carcinoma cells are 1dentified by the absence of a cell border. The cyto-
plasm is present in strands and if the cells are in a group they appear to share the
background of cytoplasm, but it is impossible to determine cellular outlines.
Nuclear outlines are sharp but the cell borders are not present. The differentiated
carcinoma cells are distnguished from the undifferentiated cells by the presence
of a cell border and a distinct shape. They are of three types, fiber, tadpole, and
round, The nuclear structure of these malignant cells is similar to that of the
undifferentiated It is only in the presence of cytoplasm and the shape of the
cells that they may be identified as differentiated cells. The third type of differ-
entiated cell, round in shape, is the malignant cell which most closely resembles
the normal. It 1s circular, the size of a small basal cell. Its cellular border is

definite and its cytoplasm dense and homogenous. These cells appear singly and
only rarely m groups This cell resembles the normal basal cell in everything but
its nuclear structure, which is of a defimte malignant character. The chromatin 1s
ncreased, and 1s uregularly arranged in dense clumps or heavy strands. The
nucleus has a heavy border since a great amount of chromatin is condensed at
the periphery. The surface of the nucleus often appears wrinkled. There is usually
less eytoplasm than normal i these cells but one may occasionally encounter cells
with a perfectly normal cytoplasmic nuclear ratio. It is only on the structure of the
nucleus that these cells may be identified as malignant. As was mentioned above
the common positive smear from invasive carcinoma has all these types of cells
Undifferentiated cells are present, fiber cells and the third type of diﬁ'el‘emiated.
cell. Tadpole cells are encountered infrequently.
In reviewing the positive smears on 20 cases of carcinoma in si
that half of them had smears which were not different in any respsel:tl’fz;ffl:’;:‘:
zee?lﬂ in mvasive squamous carcinoma Undifferentiated cells were present, fiber
l)nsis; chcaixeo:zﬁ&::‘dpfﬂe, and always the third type of differentiated cell. On the
picture as seen m the smear there was nothmn
that the carcinoma might be an extremely earl
group of undifferentiated cells found in one of

g to suggest
y one. Figure 1 shows a typical
these cases. The patient had an
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appraisal, we must depend on cases diagnosed by biopsy, which have been di-
vided mito groups according to the therapy received. Total hystercctomy, a modi-
fied Werthein hysterectomy, and roentgen ray and radium therapy have been
regarded as adequate treatment. Amputation of the cervix, cauterization, and
trachelorrhaphy have been regarded as inadequate treatment. The group of cases
which have had biopsies alone is considered scparately. A case which was not
followed for a sufficient length of time has not been listed in any of the three
categories We have not included the cases of carcinoma in situ found by review-
ing large numbers of pathologic material, unless the follow-up of these cases was
discussed This review of the cases in the literature shonld not be regarded as
exhau . . . literature, How-
ever, -, during the past
20 years and represents a large enough series to enable one to draw some con-
clusions.

It is evident from Table II that cases of carcinoma m situ treated adequately
do eatremely well. The recurrence in the group with adequate treatment 1s only
8 per cent, an extraordinanly low figure. 1t is interesting that when the groups
receiving madequate treatment and those with biopsy alone are compared the
figures are similar, The biopsy group showed a cure rate of 62 per cent, the in-
adequate treatment group a cure rate of 67 per cent

It 1s these last two groups which we should hike to discuss, especially those
patients who had biopsy alone In the past it has always been assumed that the
biopsy removed the entire lesion This was the most obvious explanation for the
absence of any tumor, but it does not appear to be entirely justified, It appears
unhkely that the entire tumor would be removed by random biopsy in approxi-
mately 60 per cent of the cases. On the basis of chance alone this possibility is
remote In addition, cervical amputation or cautery was followed by no better
cure rate than biopsy—a remarkable coincid if the eradication of
1 situ 1s dependent entirely on external treatment If the therapy were the only
factor operating, one might logically expect better results from amputation than
from biopsy. Thus, it would seem that about 40 per cent of the patients with pre-
mvasive carcmoma go on to develop a truly mvasive tumor. But what of the
other 60 per cent who are free of disease even though the treatment was poor by
present standards? Can we assume that m every mstance the entire tumor was
removed by these minor procedures? Yaunge, Diddle, Pund, and their co-workers
have described lesions which histologically are identical with carcinoma in situ
occurnng in pregnancy ¢ and disappearing post partum Are these tumors genuine
pr t app to us that the answer to these questions is
that the tumor may m some instances be reversible We realize that this is raising
again the old issue of whether these tumors are all true malignancies, i.e , whether
they possess the potentiality of wmvasion and if uminterrupted will continue to
infringe on normal tissue. Certamly the amazingly high cure rate of these lesions
if treated adequately 15 a powerful argument for defimtive radiation or surgery.
But, on the other hand if these tumors are reversible, it is of great importance.

1t would mean that perhaps there 1s a stage where the tumor may progress in
either direction. Certanly 1t 1s well known that when a tumor becomes mvasive

it only progs toward more if untreated. But can we be sure that we
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cells and are photomicrographs taken of vaginaf smears from 2 patients with «
histologjie diagnosis of carcmoma s situ. Again the fesion was small and both
patients were asymptomatic. The positive vaginal smear was the reason that
biopsies were obtained. This picture of single, well differentiated cells among
benign superficial cells 1s ene which has impressed us as often being consistent
with a carcinoma in situ,

e T - - M - —

i

'% .

Fic 3 —A single differenhiated cancer cell Cytoplasm and a distmet cellular border are present.
he nucleus 1s hyperchromatic.

Thus from study of the morphology of the desquamated cells of these premn-
vasive lesions we are able to divide them 1nto two categories, one indistinguish-
able from bona fide invasive carcinoma and the other characterized by a particu-
larly well differentiated carcinoma cell as the only cytologic evidence of malig-
nancy. The percentage correlation between the group containing well differen-
tiated, malignant cells and the biopsy group which did well clinically is an inter-
esting one, Le., 50 per cent and 62 per cent It appears important to determme
if this is a real correlation

We should Iike to suggest that it 1s this group of cases with well differentiated,
malignant cells which should be thoroughly studied The first group which has
smears indistinguishable from those of true mvasive carcinoma would appear to
have all the characteristics of virulent mahgnancy from a morphologic pomt of
view. But since there are two different groups both clnically and cytologucally, 1t
1s important to discover if there 1s a relation between the morphology of the
mahignant cells and the chnical course

We have some evidence that the carcinoma m situ contamning only well differ-
entiated cells may be reversible In November, 1947, a 37 year old white female
presented herself at the Gynecologic Out-patient Department. Two vaginal smears
takefl a week apart were reported as positive and consistent with squamous
carcinoma. The malignant cells were the round differentiated vanety described
above. They appeared singly in groups of benign superficial cells. A photomicro-
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carly premvasive carcmoma, It was discovered by a vaginal smear taken at the
tune of a routwne physical examination. The patient was without symptoms.
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Fic 1 -A group of undifferentiated cancer cells, showing marked vanation in size, shape, and
chromatin content. Cellular borders are absent

The smears from the remaining 10 patients with carcinoma i situ showed an
entirely different picture. There were no undifferentiated, fiber, or tadpole cells.
The only cells present in the smear were the third type of differentiated eell, the
small round malignant cell with a good cytoplasmic border which resembles the
normal basal cell in everything but nuclear structure They appeared singly for
the most part in a group of bemgn superficial cells. Figures 2 and 3 show these
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Fic 2-A single differentiated cancer cell with eytoplasm and a sharp cellular border, The
chromatin content of the nucleus 1s mcreased
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entire lesion. It is not our purpose to suggest that all cases of preinvasive carci-
noma be studied. The results of adequate treatment are so satisfactory that it
would be jrrational to defer treatment in all cases. It is our fmpression that all
patients whose smears contain undifferentiated malignant cells should receive
definitive therapy. The cases whose smears contain only single, well differentiated
round cells might be followed at frequent intervals for a year. Any change in cell
morpllology, i.c., toward undifferentiation, would indicate immediate treatment.
The growth of these lesions is hnown to be slow and such studies would have only
a small element of risk. As cytology is discovering many more of these nonin-
vasis¢ tumors, the number of cases available for study will increase.

Boyd in a discussion of cytology and carcinoma in situ has said, “The question
is, are we not dealing with reversible changes? 1 feel that this is going to be one
of the great contnbutions which this method is going to make in the future. By
tlus means, we can determine day by day, week by week, and month by month
what is gomg on.”

The reliability of the cytologic method in designating the proper cases for
biopsy is unquestioned, but 1ts use in studying early cancer should not be over-
looked. The gynccologist has a unique opportunity to advance our knowledge of
maliguant disease by followsng at least some of these early lesions and it is he who
must answer the difficult question of whether to operate on all the preinvasive
lesions and “make assurance double sure” or to sacnfice a small degree of safety
in anticipation of future dividends. We ask that this problem be given serious
consideration.
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graph of one of the cells 15 shown in Fig. 4. A biopsy of the cervia was performed
and the report was “chromic cervieitis, P caremoma m sitw,” The patient was sent
home with instructions to return to the chnic at two week intervals. However, she
failed to appear and was not scen again until six months Jater. Repeated vagmal
smears at that time were negative. Because of the previous positive vaginal smears
and suspicious biopsy, a hysterectomy was performed. No evidence of any pre-
mvasive carcmoma was found. This may appear to be questionable evidence
since an obvious criticism is that the biopsy was not definitely positive and ms-
interpretation of the exfoliated cells is an obvious answer. However, during a two
year period, 122 cases were diagnosed by smear as positive and consistent with
squamous carcinoma. All proved to be squamous carcinoma of the cervix. Since
we cannot see any charactenstics to distinguish the cells seen in this case from
any other third type of differentiated cells of squamous carcinoma, we assume
that the lesion was reversible.

Fic 4 -A single cancer cell with a l?’perchmmanc, wregular nucleus and a sharp cellular out-
Tine. Note similanty of this cell to those shown 1 Figs 2 and 3.

It is important to collect more cases of this soit. Many questions remain to be
answered Is the distinctive morphology of undifferentiated and differentiated
cancer cells related to ability to nvade surrounding tissues? Is the loss of cellular
border and the sharng of cytoplasm by a group of nuclei correlated wath the
invasive properties of cells? Though ic mnpl: and beg; g i
may not necessarily be caused by the same cellular components, 1t is mteresting
that in positive ascitic or pleural fluids, the desquamated cells seen are alw.:fnys of
the undifferentiated type though the onginal tumor was a squamous car¢inoma
and presented both differentiated and undifferentiated elements.

1t is concewvable that these problems might be answered 1if at least some cases
of carcinoma 1n situ were followed for a sufficient length of fine by cytologic
means. At least we could answer the question of whether biopsy does remove the




Cholangiography *

PHILIP . PARTINGTON, M.D., AND MAURICE D. SACHS, M.D.

INTRODUCTION

HOLANGIOGRAPHY 15 THE roentgenographic visualization of the biliary duct
C system by the mjection of a radiopaque medium. 1t may be classified as
“operatn &” or “postoperative,” depending on the time of its performance, whether
during or following surgery. In operative cholangiography, the radiopaque
medium 15 introduced by needle, cannula, or catheter into the gallbladder or di-
rectly mto the common bile duct before exploration of the duct. It may also be
introduced through a T-tube following exploration of the duct to assure the re-
moval of all calcult. In postoperative cholangiography, the radiopaque medium is
usually mtroduced through a T-tube under flucroscopic control in the roentgen-
say department several days to several weeks following surgery. The terms “op-
erative” and “postoperative,” ongmally used by Mirizzi, seem to be preferable to
their cquivalents, “immediate” and “delayed,” used by Best and Hicken, and
“primary,” used by Hulten.

HISTORICAL

Operatve cholangiography was performed for the first time m June, 1931, by
Dr. Pablo Mirizzi, Chief of the Surgical Clinic at the University of Cordoba,
Argentina. He was motivated in the use of this procedure by the high percentage
of painful sequelae which followed gallbladder surgery and by the vagueness of
the causes of the poor results In 1936 and 1937, ;n the Umted States, Best,
Hicken, and Hunt, as well as Robins, Hermanson, and Mixter, reported on the
use of operative cholangiography In 1941, in Paris, they were followed by
Bergeret and Caroli who combined operative cholangiography with simultaneous
measurement of the pressure in the bile ducts In 1942, n Lyon, France, Mallet-
Guy commenced a prolonged study of routine operative cholangtography under
manometric control. There have been sporadic reports from other authors, but
few surgeons or radologists have actually made a determined effort to make
cholangiography a useful adjunct to bilary surgery.

Best, Hicken, Hunt, and others have been of the opion that cases suitable for
operatve cholangiography can be selected by clinical evaluation and operative
findings. Mirizzi and Mallet-Guy, as well as the authors, however, have 1nsisted
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Avowance oF CoMMON Duct EXPLOBALION

Lahey has stated that opening the common duct does not increase operative
wmortality. This does not hold true for patients who are poor surgical risks owing
to cardiac, pulmonary, or renal disease. It is a definite advantage to be able to
avoid unnecessary common duct eploration in such patients, in spite of the
presence of one or more of the accepted criteria for exploration.

Jaundice or a history of jaundice is not an uncommon finding in acute
cholecystitis. Common duct exploration may be quite difficult if not hazardous in
this condition owing to the vascular edematous tissue which at times obscures the
cystic and common ducts. Exploration can be avoided if the bile ducts are shown
to be free of calculi.

At times, it is necessary to differentiate between the jaundice of hepatitis and
that of obstruction by an eploratory operation. Far less harm is done to the
patient with hepatitis if the abdominal eploration can be terminated following
a needle puncture of the common duct, than if the operation is prolonged by
opening it.

Recocntrion of NoncaLcuLous OBSTRUCTION

Recogmtion of noncalculous obstruction of the common duct is assuming
ever-mcreasing importance. Colp, in 1944, estimated the frequency of the post-
cholecystectomy syndrome of painful sequelae to be 25 per cent. Mirizzi, in
1945, placed the number of “bad results” following cholecystectomy at 30 per
cent for adepts in the classic procedures of exploration. By means of operative
holangiography, postcholecy y sequelae in 1,000 patients operated on in
the surgical clinic of the University of Cordoba were reduced to 4 per cent as
reported by Urrutia. Mirizzi stated that functional disturbances could not be seen
or palpated at operation. Instrumentally, “odditis” could not be distinguished from
stricture of the papilla of Vater. Moreover, both “odditis” and pancreatitis were
likely to be followed by the formation of new common duct stones, if the under-
Iymng pathology was not recogmzed and corrected. Choledochitis with general-
ized narrowing of the biliary duct system was difficult to recognize without the
aid of operative cholangiograms. Lasala, in 1947, reported a case of stenosis of
both hepatic ducts recognized by means of operative cholangiograms. ‘Whatever
the nature of the obstruction, 1t is obvious that it must be recognized and local-
ized before instituting a logical curative procedure.

DIFFERENTIATION OF CARCINOMA AND PANCREATITIS

The preoperative differentiation between a carcinoma of the pancreas or
ampulla of Vater and a common duct stone with an area of surrounding chronic
Ppancreatutis 15 generally impossible All too frequently, it is also impossible at the

time of surgical exploration The differentiation is readily made by operative

cholangiogram, and the unnecessary resection of the head of the pancreas can be

avoided.

ANATOMIC ORIENTATION DURING SECONDARY OPERATIONS

Reoperation of the biliary tract, whether for retained stones
s

0 . 1 strictu
functional disturbances, is much more difficult and dangerous tha iy

n is primary
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that the best results are obtained when operative cholangiography is done as a
routme procedure.

NEED FOR OPERATIVE CHOLANGIOGRAPHY

Postoperative cholangiography was done for the first time in 1926 by Saralegui
Since then 1t has been performed in many clinics, probably because of the avail-
ability of the T-tube as a means of injecting the radiopaque medium. Even this
procedure is not in universal usc. Operative cholangiography, of necessity per-
formed in the operating room during operations on the biliary system, requires
forceful arguments to justify its routme use.

OQVERLOOKED STONES

The high mcidence of bilary caleuli which are overlooked by competent sur-
geons, with or without duct expl 100, ph the need for such an
improved diagnostic method as operative cholangiography. Minzzi has pointed
out that it is easy to miss small stones in the distal third of the common duct, if
the pancreas is large and hard, During common duct exploration, 1t 1s possible to
slip by a stone with an instrument, without detecting its presence, as well as to
muss intrahepatic stones beyond the reach of instruments. Probes, scoops, irriga-
tion, and suction are not infallible for the detection of stones. It may be impossi-
ble to pass an wstrument into the duodenum when the distal common duct 1s
constricted by chronie pancreatitis, yet the nature of the obstruction may be
obscure,

Lahey stated that prior to 1926, at a time when the common duct was eaplored
mn 15 per cent of the patients subjected to cholecystectomy in his clinic, 10 per
cent of common duct stones were overlooked. He Iikewise expressed the belief
that if a stone were missed, it would probably be the one causing symptoms and
eventually a fatality.

Of 5,000 necropsies studied by Young at the Massachusetts General Hospital,
67 of the deaths had followed gallbladder surgery. Common duct stones had been
present in 44 of these cases, while oy erlooked stones still were present in 27 (61.3
per cent) of them at postmortem. Making all possible allowances for poor sur-
gieal nsk p where prolonged exploration was not desirable, overlooked
common duct stones were acknowledged in 16 per cent of the series,

Bonn, in a study of 1,000 necropsies, found evidence of common dact caleuli in
78 out of 325 cases contaming gallbladder calculi, Stones at the ampulla were
obsened mn 47 cases and hepatic calculs in 22. The auther was of the opinion that,
of 4 patients with calculi in the gallbladder, one would have a stone in the
common duct, and there would be a 60 per cent chance that this stone would
be retroduodenal. These data have been confirmed surgically by Clute and
Kehr,

Schuberth and Sjogren, by the use of cholangiography,
common duct stones in 8 out of 27 cases 1n which the common duct had been
explored. Several of these caleul were in the hepatic ducts. 'ﬂ.ll’y also reported
overlooked caleuli in one-third of their patients who died following common duct
exploration.

1 srated Tual
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some of the frequent causes of failures, Almost all such failures oceur in the
carly part of any gisen series of cases and become infrequent with increased ex-
perience, Misinterpretations can be avaided, for the most part, if the radiologist
is present in the operating room for the reading of the wet filns.

TECHNIC OF OPERATIVE CHOLANGIOGRAPHY
CoxTrasT Mepia

Of the numerous problems which arise mn the performance of operative
cholangiography, the choice of a suitable medium is of primary importance for
the achievement of satisfactory results, To evaluate a specific medium the follow-
ing eriteria should be considered: adequate density, low viscosity, easy misci-
bility, and minimal degree of toxicity, Adequate density is needed to assure the
accurate detection of all foreign bodies. Small opacities must not be obscured.
Low viscosity 1s required, masmuch as high viscosity media are difficult to inject,
and interfere with a controlled rate of injection. Easy miscibility is desirable,
since a medium which does not miv readily with bile will produce a film with
incomplete visualization of the bihary system and lead to false positive interpre-
tations, A minimal degree of toxicity is required, because some paticnts are
allergic to certain media, If estravasation occurs, the medium should be
readily absorbable and should not produce residual toxic effects.

Historical Recicw of Media Used. Many contrast substances have been advo-
cated as suitable for cholangiography. The carliest media used were pastes
of bismuth or barium. These were discarded because of the intense pain and
febnile reactions that followed their use. Salts of potassium jodide, sodium iodide,
and sodim bromide also proved to be irritants,

Since numerous identical contrast media have been used m recent years
under different trade names and i other parts of the world, the more popular
media, with equivalent trade names, firms, and chemical components are re-
viewed.

Lipiodol (LaFay) is a poppy seed oil contaming 40 per cent jodine.
Lipiodine Diagnostic (Ciba) 1s a 60 per cent solution of 10dobrassid mn sesame
ol

Todochlorol (Searle) 1s an o1l contamning 36 to 42 per cent iodine

Thorotrast (Heyden of New York) is a 25 per cent stabilized colloidal suspen-
sion of thormum dioaide

Umbrathor (Heyden of Dresden) 1s a nonstabile colloidal suspension of
thorium dioaide

.Hlppuran {Mallinckrodt) and jodairal 59 per cent (Swedish Apotakens Spe-
cialitetsregaster) are sodium ortho-iodo-hippurates containing 3495 per cent
todine Jodarral forte 1s a 60 per cent solution

Skiodan sodium (Winthrop-Stearns), abrodil, and myelotrast (Bayer) are
methiodal sodwim containing 52 per cent 10dine.

Tmeybryl (B.ayer), available only in Europe, is the diodo analogue of skiodan
sodwm contaming 68.6 per cent 10dine

Neo-jopax or uroselectan (Schering) 1s a 50 or 75 fum i
X per cent sodium iodometha-
mate containing 51 5 per cent jodine. tha
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surgery Valuable time may be Jost. It 1s of the utmost importance for the surgeon
to be able to onent himself with respect to the distorted anatomy and pathology,
by merely inserting a ncedle into the first bile-filled structure encountered, in
order to obtain a cholangjogram,

REASONS FOR NONACCEPTANCE OF OPERATIVE CHOLANGIOGRAPHY
Distrust oF NEw ProceEDURES

New methods or technics are naturally grected with some degree of skepticism.
There 1s no weight of past expenence and proved worth to counterbalance initial
dufficulties. It seems poor judgment to cast off tried and true methods, despite
recognized shortcomings, for methods of doubtful merit Acceptance of operative
cholangiography has likewise been slow, as considerable time has been required
to surmount imtial difficulties.

Lacxk oF TEAMWORK AND INTEREST

One of the major problems has been the lack of teamwork and interest on the
part of the surgeon, radiologist, and anesthetist 1f the surgeon does not recoguize
the need for such a procedure, the radiologist will be confronted with consider-
able dufficulty in establishing its use. If the radiologust is not interested, difficulties
of availability of technicrans and timing can seem insurmountable to the surgeon
By inadvertently allowing slight respwatory motion during a rocntgen ray ex-
posure, the anesthetist can render the entire procedure meamingless, unless the
surgeon js willing to undergo the exacting requirements of Jocal anesthesia,

INADEQUATE EQUIPMENT

In the past, unsuccessful attempts have been made to use this procedure with
madequate equipment. Actually, hittle special equipment is required for taking
operative cholangiograms. The only essentials are a portable roentgen ray ma-
chine of sufficient capacity to avoid unduly long exposures, a grid, and a plywood
tunnel such as is used m hip naihng. Movement of any type, e’specfa{}y respira-

tory movement, has to be prevented for adeq drag) grap
Procepure Not 4 Roumine
In many hospitals, operative cholangiog have been tried only m selected

cases, with several unfortunate results. There is no adequate method of selecting
cases, and those needing it most may be excluded Personnel associated with the
procedure must be famiiar with 1t to heep it from being unduly slow in execu-
tion. I essential equipment is missing or defective, 1f roentgen ray psrsonne].is
busy with other examinations, or if the tunnel is not under the patient, the entire

ion may be abandoned b too much time would be lost in correct-
ing these errors. Only by making the procedure a route, can the necessary
preparation, teamwork, speed, and accuracy be achieved.

TECHNICAL INADEQUACIES

Technically mferjor flms due to poor centering, improper exposuse, motion of
the patient, artefacts such as air bubbles, and eatravasation of the medium are
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cither with a needle or cavnula, as practiced by Mallet-Guy and others, is un-
doubtedly the most simplificd method, providing the eystic duct is patent.
Mallet-Guy demonstrated dysfunction of the cystic duct sphincter (Lutken’s
sphincter) by this method. This route of injection also has been used in associa-
tion with peritoneoscopy to visualize the biliary tract without operation. The inci-
dence of bile peritonitis following this procedure has prevented it from becoming
popular in the United States. The chief disadvantages of injecting contrast media
into the gallbladder include the large amount of medwm required and the size
of the resulting radiopaque density which may casily obscure a portion of the
bile duct system. Mirizzi utilized the gallbladder for media injection in pseudo-
tumoral cholelithiasis wherein the entire subhepatic space is occupied by an
mflammatory mass with only the tip of the gallbladder presenting. He also used
it ;n cases of jaundice of hepatic origin.

The cystic duct may be utilized to insert a cannula or catheter into the common
duct. Because of wide variation in the size of the cystic duct, Minzzi employed a
variety of cannulae, some having large ohive tips. If the cystic duct is very small,
it may be necessary to dilate it carefully, as recommended by Mallet-Guy, before
inserting the cannula. A cannula which impinges on the wall of the common duct
opposite the cystic duct may produce a localized spasm, simulating a deforrty
of the duct in this region. The valves of Heister, at times, prove to be an obstacle
in the insertion of a cannula or catheter. With patience, 1t is usually possible to
discover the correct opening,

A ureteral catheter inserted through the cystic duct approximately 2 cm into
the common duct and held in place by a ligature 1s a satisfactory method for
injecting contrast media. This is probably one of the easiest methods and is
recommended to those trying the procedure for the first time. The valves of
Herster are usually negotiated with ease. The catheter 1s pliable enough to take
the curve of the cystic duct and does not produce spasm of the common duct
wall opposite the cystic duct. The use of a hgature enables the catheter to be
used in even faurly large cystic ducts without leakage of contrast media.

Contrast media may also be introduced directly into the common duct by
means of a short, fine gauge needle inserted through the anterior wall of the
duct, If the gallbladder has been removed previously, this method 1s the only
way of visualizing the bile ducts prior to exploration. A ¥ inch No. 22 gauge
needle with a short bevel and sharp point is satisfactory. It produces a small hole
which leaks bile for only a short time after withdrawal of the needle. There may
be some localized common duct spasm at the site of injection and likewise some

distf)rtion of the duct. This 15 especially true if the needle with its attached rubber
tubing filled with contrast medum is angulated in an attempt to prevent ob-
scuring the duct system. If the common duct 15 explored and a T-tube inserted
additional injections of media may be made directly through this tube. ’

ANESTHESIA
Any anesthetic agent smitable for the performance of bilfar:
y surgery 1s ad ¢
for operative cholanglography. The unportance originally anac%le?l, to lzi(}.lllaoi

spinal anesthesia by Murizzi and Best and Hicken was attributed to the need for
complete respiratory arrest during roentgen ray exposure. Recent perfection of
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Rayopake (Schering) is a solution of diethylanolamine salt ining 50 per
cent 10dine.

Diodrast (Winthrop-Stearns), 85 or 70 per cent, pembrodnl (B'\yu‘) and dio-
done, 35 per cent (British pharma ia) are iodopy ing cither 25
or 49.8 per cent iodine.

Media containing oils, such as lipiodol, have not proved satisfactory, They are
extremely dafficult to mject, they interfere with a controlled rate of injection, and
their density tends to obscure small calculi, If the medium fails to mix with bile,
droplet formation and misinterpretation result. Saralegut has stated that lipiodol
changed the function of the sphincter of Oddi.

Thorotrast or umbrathor produces the highest density, mixes easily with bile,
and has a low viscosity. Its extravasation into the soft tissucs causes a foreign
body reaction. It is a radioactive material The objection is not so much 1ts radio-
achwity if some dye should get into the blood stream and become absorbed by
the reticulo-endothelial system, mostly liver and spleen, but the foreign body
reaction caused by eatravasation. Some authorities state that it is a carcinogenic
agent.

Hippuran or jodawral, and skiodan or abrodil are safe media. They cause no
iodine reaction, and the media are easily absorbed if estravasated. The density,
however, is low.

Rayopake has not been tried because of its low density. Diodrast, 85 per cent,
or neo-iopax, 50 per cent, are safe, easily absorbed, and have a low viscosity, but
the density is somewhat low.

Diodrast, 70 per cent (perabrodil) or nco-iopax, 73 per cent, in our experience,
has proved highly satisfactory The density is almost as high as that of thorotrast
or hipiedol. They are easy to ject, low in viscosity, and rapidly absorbed if ex-
travasated.

Pantopaque emulsion (Eastman Kodak) is a benzmc acid containing 52.9 per
cent 10dine It ethyl jodophenylund: , 50 per cent, dispersed m
water. It has been used by Strain and Pirkey. The Iatter states that it 15 excellent
for cholangiography It is easily injected, mires readily with bile, does not break
up, nor does it produce false mterp i It merits id for future
use.

Minzzi has continued to use lipiodol as the medium of choice for almost 20
years. chken, Best and Hunt used either lipiodol or hippuran. Muter preferred

dvocated the use of thorotrast, Martensson, in a cntical
study of media used n cholangiography, stated that perabrodil (diodrast) was
the safest and best substance,

It is apparent that no medium has met the prescribed criteria m their cn-
tirety. When the advantages and dlsadvantagcs are weighed, however, the media
found to be most satisfactory in our eaperience during the past three and a half
years, in a series of over 150 cases, have been 70 per cent diodrast and 75 per
cent neo-10pax,

Memons oF Injrerine Contnast MEebia

Contrast media used in operatwe cholangiography may be wtroduced into the
Inhary tract m a variety of ways. Injection of the medium into the gallbladder,



CHOLANGIOGRAPHY 8l

cither with a needle or cannulg, as practiced by Mallet-Guy and others, is un-
doubtedly the most simplificd mcthod, providing the cystic duct is patent.
Mallet-Guy demonstrated dysfunction of the cystic duct sphincter (Litken's
sphincter) by this methad. This route of injection also has been used in associa-
tion with peritoncoscopy to visualize the biliary tract without operation. The inci-
dence of inle peritonitis following this procedure has prevented it from becoming
popular in the United States. The chicf disadvantages of injecting contrast media
mto the gallbladder include the large amount of medium required and the size
of the resulting radiopaque density which may casily obscure a portion of the
bile duct system. Mirizzi utilized the gallbladder for media injection in pseudo-
tumoral cholelithiasis wherein the entire subhepatic space is occupied by an
inflammatory mass with only the tip of the gallbladder presenting. He also used
it in cases of jaundice of hepatic erigin.

The cystic duct may be utilized to insert a cannula or catheter into the common
duct. Because of wide variation in the size of the cystic duct, Mirizzi employed a
variety of cannulae, some having large olie tips. If the cystic duct is very small,
it may be necessary to dilate it carefully, as recommended by Mallet-Guy, before
inserting the la, A la which impinges on the wall of the common duct
opposite the cystic duct may produce a localized spasm, simulating a deformity
of the duct in this region. The valves of Heister, at times, prove to be an obstacle
in the insertion of a cannula or catheter. With patience, it is usually possible to
discover the correct opening,

A ureteral catheter inserted through the cystic duct approximately 2 cm. into
the common duct and held in place by a ligature is a satisfactory method for
injecting contrast media. This is probably one of the easiest methods and is
recommended to those trying the procedure for the first tune. The valves of
Heister are usually negotiated with ease. The catheter is pliable enough to take
the curve of the cystic duct and does not produce spasm of the common duct
wall opposite the cystic duct The use of a higature enables the catheter to be
used in even fairly large cystie ducts without leakage of contrast media.

Contrast media may also be introduced directly into the common duct by
means of a short, fine gauge needle inserted through the anterior wall of the
duct. If the gallbladder has been removed previously, this method is the only
way of visualizing the bile ducts prior to exploration, A ¥ inch No. 22 gauge
needle with a short bevel and sharp pont is satisfactory It produces a small hole
which leaks bile for only a short time after withdrawal of the needle. There may
be some localized common duct spasm at the site of injection and likewise some
distortion of the duct. This is especially true if the needle with its attached rubber
tubing filled with contrast medm is angulated mn an attempt to prevent ob-

scuning the duct system, If the common duct s explored and a T-tube mserted,

additional injections of media may be made directly through this tube,

ANESTUESIA

Any anefthelic agent suitable for the performance of biliary surgery 1 adequate
f°‘: Operative lelangiogmphy. The importance onginally attached to local or
spinal anesthesia by Minzzi and Best and Hicken was attributed to the need fol

complete respiratory arrest during roentgen ray exposure. Recent perfection o;
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endotracheal general anesthesia, administered by a closed system, has made 1t
easy to obtain respiratory arrest in the unconscious patient.

The anesthetist must assume considerable responsibility for the success of the
procedure, howevel, as even slight motion is incompatible with good films. Fol-
lowing msertion of the intratracheal tube, the pharynx is packed tightly to prevent
leakage m the system. As the operation progresses, the conversation of the sur-
geon 1s appraised by the anesthetists for signs designating the time to prepare for
cholanglography. Approximately five minutes before the procedure is due to
start, the anesthetist commences to control the patient’s respirations by lowering
the carbon dioxide tension. Pressure is made on the bag of the anesthesia machine
m time with the patient’s respirations, deepening them and slowing them down
Finally, spontancous respirations cease, and the anesthetist is able to suspend
them at will for short periods. The case with which respirations may be con-
trolled varies considerably with different patients, Even with obese people, how-
ever, five minutes is generally sufficient to allow periods of respiratory arrest of
three or four seconds.

The use of small doses of curare makes the control of respiration a great deal
easier With a patient in third plane ether anesthesia, 20 to 40 units, or 8 to 6 mg.,
admmistered intravenously, usually 1s sufficient. With cyclopropane, doses of 40
to 60 units, or 6 to 9 mg, will probably be necessary. Even with the ]nrger dose,
spontaneous respirations will not cease, however, if the anesthetist does not
control them manually as well. A determination of the time required to take over
controlled respiration may be made early 1 the operation to ascertain the need
for using curare.

Respirations are controlled for the entire period of cholangiography, following
which the patient is allowed to resume spontancous respirations. These are com-
paratively shallow at first but soon resume their normal character. If additional
films are to be taken, respiration is agam controlled in the same manner.

There 1s no conclusive evidence that the usual anesthetic agents have any direct
action on the hliary duct system. Best and Hicken originally stated that spinal
anesthesia caused a relaxation of the sphincter of Oddi, but later decided that 1t
did not Mallet-Guy reported a rapid and profound diop n intrabiliary pressure
followmg the use of sodwun pentothal in dogs. In a hmited use of this anesthetic
agent in humans, we have been unable to confirm tlus observation. Mnter be-
lieved that the use of spnal anesthesia has no effect on the action of the
sphincter of Odd. The abnormal reaction of the ile ducts duning anesthesma 15
manifested chiefly by alterations m the ntraductal pressure. These pressure
changes seem to be correlated with the use of preoperative medication such as
morphine, or one of its derwvatives, rather than with any anesthetic agent,

The explosion hazard associated with radiography under general anesthesia 1s
neghgible. This minimal danger may be reduced by having adequate shock-proof
roentgen ray units and contact switches, and by giving anesthetic gases with a
closed system technic, Danger of explosion may be further reduced by placing
the control stand and transformer outside of the operatmg room with only the

cables, tube, and portable bucky 1emaming mside, Worn cables should be re-
placed, The roentgen ray machme should be approimately 3 feet from the
anesthesia umt on the opposite side of the operating table. As an added precau-



CHOLANGIOGRAPHY 83

tion, a moist towel can be placed over the face mask prior to the roentgen ray
exposure. A mechanically operated bucky diaphragm is adequate, since 1t would
be too expensiv e to procure a spark-proof one.

EQuirnexnt

The equipment needed for operative cholangiography is readily available or
casily fabricated. A shock-proof portable roentgen ray umt that may be operated
at 80 to 90 kv, and 80 ma. at approximately 30 in. tube target distance, with an ex-
posure time of one and a half to four seconds, is the prime essential. A portable
60 ma. unit will shorten the exposure, with a resultant improvement in the
quality of the films. The faster the exposure, the less chance there is of technical
error. Units operating at 15 ma. or less can be used, but the degree of accuracy
may be decreased by respiratory motion,

A portable buchy or a plywood tunnel capable of holding a 10 x 12 in. or 14 x
17 in. cassette with a superimposed Lysholm grid 1s necessary It is placed on the
operating table beneath the hver area of the patient to permit easy eachange of
cassettes without movement of the patient. Folded sheets are used at esther end
of the tunnel or bucky to make the surface of the table level (Fig. 1A).

Fic 1A —Portal
U Dyt e e e ol s i feded sheets at both cnds of
sterile pillow case Ve
The remaining equipment may be listed as follows:
Four 10 x 12 1n. cassettes
One No, 22 gauge %-n needle with attached latex tubimn
One No. 18 gauge ntravenous cannula with attached latex (ubing

One No. 6 ureteral catheter with adapter or injection tip
Two 30 ce, syringes



84 MONOGRAPHS ON SURGERY

Twenty cc. of 70 per cent diodrast or 75 per cent neo-iopax warmed to 98° F,
Tllermomc(cr to measure ‘Clnpl.‘ﬂ\tlll’l! of mdi()pnque l“l.'dl'nl.
Note: Before using, all rubber tubing should he cliecked for cracks and leaks,
and needles should be cheched for sharpness (Fig. 1B).

Fic 1B —Addittonal equipment necessary for operatine cholangiography

RoeNTGEN Ray TECHNIC

The genographic requi for operative cholangiography are easily
met by any hospital a-ray department. While the technic is simple, 1t requires
careful attention to detail

Correct positioning of the patient on the operating table 15 most important. The
plywood tunnel with a Lysholm grid or the portable bucky must be centered
accurately to the bile duct area. The patient 1s then rotated approximately 10°
to the nght by means of folded sheets under the left thorax and hip. This rota-
tion 15 necessary to prevent the common duct from overlying the spme and being
obscured by it.

A scout film is taken following positioning of the patient to check on the ac-
curacy of the positioning and also to allow any necessary kilovoltage or mulli-
amperage corrections to be made. The position of the portable x-ray machine is
marked with adhesive strips on the floor of the operating room. This allows the
umit to be wheeled rapidly mto position with accurate centering of the x-ray
tube to the bucky when films are to be taken durning the course of the operation.

Technical factors depend on the size and adiposity of the patient. A short ex-
posure is preferable in order to reduce the possibiity of motion. Average
exposures will vary from one and a half to four scconds and will be proportion-
ately shorter 1f a higher energy umit is used.
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A series of three evposures is made, one after each 5 ce. injection of the
medium (see page 128 for additional detail). A darkroom adjacent to surgery is
optimal but is hardly nccessary unless the x-ray department and the operating
rooms are widely separated. The surgeon usually continues with some phase of
the operation during the 10 to 15 minutes required for transportation and de-
velopment of the films.

The final and most important step in the process of operative cholangiography
is the wet film reading in the operating room with the radiologist and the
surgeon in consultation. Both surgeon and radiologist may become quite adept,
individually, in the interpretation of cholangiograms, but only in consultation, can
the various factors involved in a diagnosis come into proper focus for correct
conclusions.

OreraTive TecinIC

Success in operative cholangiography 1s achicved by establishing a routine
procedure which purposely avoids the recognized causes of poor filins and mis-
interpretations. A common cause of poor flms is the presence of radiopaque
objects, such as towel clips and retractors, in the operative field during roentgen
ray exposure. This may be avoided by sewing on both the towels used for draping
the operative field and those used for excluding the skin. All instruments and re-
tractors are removed from the wound prior to roentgen ray exposure,

A careful dissection of the junction of the cystic and common duct is necessary
in order to occlude the cystic duct accurately without leaving a long stump be-
tween the tie and the common duct. Likewise, the common duct must be exposed
sufficiently to allow msertion of a small needle through its anterior wall opposite
the cystic duct junction without damaging the small veins lying on its surface.
The cystic duct is occluded with a silk ligature if the surgeon is confident that the
gallbladder is to be excised. In the event of doubt, as in cases wherein jaundice
may be of hepatic origin, or m which the gallbladder may be required for anas-
tomosis to the intestinal tract, the cystic duct is occluded by 2 single knot in an
elastic band. The ends of the elastic are prevented from becoming untied by a
;ﬂk ligature which can be cut to remove the elastic without damaging the cystic

uct,

A ureteral catheter or an intravenous canpula may be inserted through the
cystic duct stump if the gallbladder 15 to be excised. A Ligature maintains them
in the duct and prevents dye leakage. The ureteral catheter is connected by an
adapter or injection tip to a 30 cc. syringe filled with saline warmed to 98° F. The
catheter is likewise filled with salne before its insertion into the common duct.

It should not be inserted more than 2 or 3 cm. to prevent common duct distortion.

The intravenous cannula 1s connected to 12 in. of new amber rubber tubing
which, in turn, is connected to a 30 cc. syringe filled with warm saline. All air
bubbles must be removed from the tubing, which is then clamped near the
syrnge before inserting the cannula into the cystic duct. If the tubing 1s kinked
during this insertion, several drops of saline will be forced from it allowing air
bubbles to enter the cannula These must be expelled to prevent later misi;gﬂer.
Pretations, A curved cannula, as used by Mallet-Guy, is necessary to avoid some
distortion at the junction of the common and cystic ducts.

—
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If the gallbladder has been removed previously or if the advisability of its
excision is in doubt, a X in, No. 22 gauge needle is inserted through the anterior
wall of the common duct in the direction of the liver. This needle, in the same
manner as the cannula, is connected to a 30 cc. syringe by means of amber rubber
tubing flled with warm saline. Most common bile ducts are thin-walled and
easily compressible. If great care is not exercised, it 1s not uncommen to insert
the needle through both the anterior and posterior walls. The anterior wall of the
common duct is picked up with the needle point, and the needle is leveled until
it 15 almost parallel to the comman duct before being inserted. There is a char-
acteristic “pop” as the needle enters the duct. Withdrawal of the needle from the
duct should be avoided, since multiple punctures allow leakage of opaque
media, obscuring the operative field.

The position of the needle or cannula 1n the common duct is checked by the
mjection of a few cubic centimeters of saline There should be moderate re-
sistance to the injection, but the fluid should enter the duct without inBltration of
its wall It is rarely possible to aspirate bile through such 2 small needle. After
the position of the needle is satisfactory, the amber rubber tubing is clamped
near the syninge, and the syringe is exchanged for one filled with 70 per cent
diodrast or 73 per cent neo-jopax warmed to 98° F. An air bubble is always in-
troduced during this exchange and must be drawn up into the barrel of the
syringe before starting the injection The amber tubing is arranged laterally so
that no part of the biliary duct system will be obscured. All retractors and in-
struments are withdrawn from the wound, and the field 1s covered with 2 stenle
sheet.

The contrast medium 1s injected slowly, in 3 cc. amounts. A series of three -
jections 1s made The injection, timed with a stopwatch, should require 30 to 45
seconds for each 3 cc. A rapid mjection will distend the bile ducts and produce
spasm of the sphincter of Oddr with consequent misinterpretation of any existing
pathology Large ducts may be incompletely filled even after a total of 15 ce. of
the media In such instances, it 15 preferable to make additional injections of 5 cc.
each rather than to inject a large amount of the medwm at one time with the
possibility of obscuning small stones.

As the contrast medium 15 injected, the surgeon counts the cubic centimeters
aloud to warn both the anesthetist and the technician of the impending exposure.
At the count of five, the amber rubber tubing is clamped to prevent reflux into
the syringe, and the surgeon turns from the operating table to avoid undue radia-
tion exg The hetist suspends respiration in inspiration by pressing on
the bag of the anesthesia machine and signals to the technician who makes the
exposure The cassette is then removed to a place where the neat exposure will
not fog it. This process is repeated with a change of cassettes after each ex-
posure until a series of three films has been taken, The films are carned immedi-
ately to the x-ray department and processed in the psual manner.

During the 10 to possibly 15 minutes before the processed films are returned,
the surgeon continues with the operation unless further procedure must await the
results of the cholangiog The radologist returns with the wet films, and

their interpretation is made in the operating room in consultation with the sur-
geon. Although the surgeon may be competent in interpreting the films, if he
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reads them alone, he may be unduly influenced by his operative findings and thus
overlook significant features in the films.

If the common duct is eplored, a repeat set of films is made through the T-tube
before the abdomen is closed. A double lumen T-tube (manufactured by C. R.
Bard, Inc., Swnmit, N. 1.) facilitates the removal of air from the T-tube and com-
mon duct before injection of radiopaque media. Saline is mjected through the
farge lumen of the T-tube until no further air returns through the small lumen.
The tube is then tred to the syringe adapter to occlude the small lumen and
prevent further leakage. The saline syringe is eachanged for one containing
medium, and the injection is made. If a single lumen T-tube is used, a % in. No.
22 gauge needle should be inserted nto the T-tube close to the common duct, and
all air should be removed from the system wath saline. The T-tube is then clamped
and the injection of opaque medium is made through the needle into the T-tube.

Overlooked common duct calculi seen m cholangiograms made through a
T-tube necessitate re-eaploration of the common duct (Fig. 11B). Another set of
films is made through the T-tube following this procedure to make certain that
the common duct is clear of calculi

IsronTANCE OF TEAMWORK

The mmportance of teamwork and interest cannot be overemphasized 1f opera-
tive cholangiography is to be successful. The procedure requires strict attention
to many small details on the part of each individual concerned. Lack of interest
in those details, impatience with the inevitable occasional poor result, failure in
the early stages of an individual series, or poor co-ordmation between the various
members of the team can easily discredit the procedure before its true value has
become apparent. Only by making operative cholangiography a routine procedure
for all biliary surgery can the personnel involved become so proficient that the

ion will be indisy ble to the surgeon,

NORMAL ANATOMY OF BILIARY TRACT

‘The normal radiographic anatomy of the biliary tract corresponds quite closely
to standard anatomic drawings (Fig. 2). The occasional wave-like or serrated
appearance of the bile duct walls, interpreted by Mirizz1 and Mallet-Guy as due
to active perstalsis, constitutes a possible functional variation,

INTrasEPATIC BriE Ducts

The bibary duct system is divided into an intrahepatic and an eatrahepatic
portion The intrahepatic radicles begin almost at the surface of the Liver as fine
filbform ducts measurmg less than 005 mm in diameter They are rarely filled
with contrast media unless there 1s an obstruction of the eatrahepatic ducts or
transitory spasm of the sphincter of Oddx permitting a rise in biliary duct pres-
sure up to 50 cm of water (Figs. 3 and 31) These radicles gradually increase n
size and merge to form larger ducts until two main hepatic branches of almost
equal size are formed The left branch is shightly larger than the night. It lies
almost transversely near its ongin in the periphery of the left lobe of the live
and extends m a gradual curve inferiorly to assume an almost vertical posmonr
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The nght hepatic duct joins the left at approximately a right angle, This junction
may occur within the liver substance or just outside of it jn the portal Rssure
of the hver,

Normal hepatic ducts vary in size between 8 and 5 mm. in dsameter. Counseller
and MecIndoe, in a study of postmortem specimens, reported a normal diameter of
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5 mm. The measurements deseribed by Giordano and Mann, and oor recent

measurements of normal operative, postoperative, and postmortem cholangio-
grams were almost identical with this figure.

Extraneratic BiLe Duers

The extrahepatic portion of the duct system consists of the terminal portions of
the night and left hepatic branches, if they join outside of the liver, the common
hepatic duct, gallbladder, cystic duct, and common bile duct. The common
hepatic duct appears to be a direct, almost vestical continuation of the left
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] v hite male with chronic cholecystiis and small stones m the
g?lbgdd?;N;unhiltax);agf e (A) Operaine ehelangogrom showing o sighly dlated
it wi the ampuila disiodged from the ¢ystic duct by manipula-

Frmmon dct ‘mh-ﬂ small ealeulus 1 the anp ° gh i the eystie duct for manometry.
. . ne cholangiogram after spontancous

. of water. Medum 1n ducdenum and
pancreatic duct.
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hepatic duct. It is approximately 4 cm. in length and 5 mm. in diameter, The
gallbladder has been omitted from this study since, with the technic employed,
the cystic duct was almost always occluded prior to the injection of the opaque
medium Its visuahzation was considered to be of less importance than the
possibility that its shadow might obscure a more important portion of the duct
system The cystic duct extends from the neck ot the galibladder to the lateral
wall of the common hepatic duct which it enters at an angle varying up to 90°.
It measures approximately 3 to 4 cm in length and 2 mm. m diameter. Mucosal
folds of varymg degrees of development, called Heister’s valves, are responsible
for the occasional corkscrew appearance of the duct radiographically (Fig. 4).

Fic 4—GW, a 54 year old white male treated with cholecystostomy for cholccystocolic
fistula Postoperative cholangiogram (catheter m the gallbladder) showing well developed
valves of Hesster and a normal common duct

There may also be a more or less developed cystic duct sphincter hnown as
Lutken’s sphincter To demonstrate the of this spt radiographi-
cally, contrast meda should be injected directly into the gallbladder.

The common bile duct extends from the junction of the cystic and hepatic
ducts to the lower middle third of the descending duodenum. In this region, the
duct enters the duodenum on 1ts medial posterior wall to termnate n the major
papilla. The duct describes a gentle curve with its conveuty to the left. It vanes
1 length from 6 to 10 cm., with an average of 7 5 cm, and, in diameter, from 5
to 11 mm , with an average of 7 mm. The common duct may be dwided roughly
into three parts: a supraduodenal portion or proximal third, a retroduodenal por-
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Fic 5-B.G, a 26 year old white male with chr
-B.G, a 2 ome cholecy: ’
:f\i;h\:‘:sd‘:ciz:\xﬁn tor common duct exploration. (4A) O;c:ii’\l:;“ihg;‘;né‘z:)d’rﬁ ’;,undke o
th g‘pcmm 2| h \)xs in the distal end of the common duct which 1s shightly d]%nted s ?iwmg a5
o normale sn:) angiogram through T-tube after removal of the calculus. The @od kinked,
e pancreatic duct 1s jomed at neatly a nght angle by the wmemc:m:]“ on duct
m duct.
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t Tuodenal

tion which includes the pancreatic and a or i al
portion comprising the distal 10 to 14 mm. In 65 to 80 per cent of humans, the
p 1c seg of the duct extends through the head of the
pancreas posterior and medial to the d ding duodenum (Baldwin). In about
5 per cent of cases, it is partially invested by pancreas, and in the remainder, 1t
extends in a deep groove in the pancreas.

Fic, BA ~C D, a 51 year old white male with a six week Iustory of sharp epigastric pam and o

two day Istory of jaundice. Ictenc mdex 21, A roentgenogram of the abdomen showed gas

in the bilary ducts. At surgery, a fistulous communication between the gallbladder and

duod; was found Postop hol showing dilated common duct wath

narrowing and angulation of the distal segment. A mmor nght hepatic radicle dilated and
filled with multiple caleuls

The transduodenal portion of the duct tapers from the diameter of the common
duct to a diameter of 1 to 2 mm. and averages 1 em, in length as it traverses the
duodenal wall obliguely. According to Westphal, Schondube, and others, it con-
tains the sphincter of Oddi which surrounds the ampulla of Vater and the papilla.
The ampulla is surrounded by oblique and longitudinal muscle bundles which
blend with the muscle fibers of the duodenal wall and are innervated by the
vagus. The papilla is sunounded by a ternunal, nis-like rng of circular muscle
fibers activated by the sympathetic nerves. Since the ampulla of Vater is formed
by the junction of the lumina of the common and pancreatic ducts, 1t is not
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present when the ducts are separated by a septum to their termination at the tip
of the papilla, or when they enter the duodenum sepasately, By common usage in
the foregoing instances, the transduodenal portion of the common duct is fre-
quently referred to as the ampulla. When present, the ampulla appears, in most
instances, to be a direct contnuation of the distal common duct, although Ver-
neuil was of the opinion that the ampulla actually was part of the pancreatic duct.

Fic. 6B.—Postop cholang) followmg a second of four months latcr, showing

a residual caleulus i the dilated common duct. Namowmng and angulation of the sphincter

are less marhed than in the previous examination. The stone-filled night hepatic radicle 1s not
seen, There 15 air 1n the hepatic radicles,

Schermer stated that, of 47 cases studied, the pancreatic duct joined the common
duct in 11, and the common duct joned the pancreatic duct in 14 instances. The
common duct terminates in the papilla of Vater, a small mound-like projection
mto the duodenal lumen which may be difficult to discern even with the duo-
denum open.

Pancreatic Ducr

Reflux into the pancreatic duct frequently occurs during a i i
examination and famliarity with ats ;lnaton{y is essential, gThec;])l;lna;%::%:agr:j
beg.ms in the tail of the pancreas through the convergence of several small
rﬂd{clles. It traverses the gland from left to right near its dorsal superior surface
gmmmg the portion of the pancreas which develops embryologically from thé
uorsal anlage. At the junction of the superior and caudal portion of the head of

he pancreas, the main duct turns sharply in a caudal and posterior direction, and
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drains the portion of the gland which develops from the ventral anlage. As the
duct approaches the posterior surface of the head of the gland at the level of the
papilla of Vater, it turns to the right to join the terminal common bile duct (Figs.
10, 19B, and 20B).

The pancreatic duct may join the common duct proximal to its transduodenal
segment, or it may join the common duct to form the ampulla of Vater as a Y.
1t may parallel the common duct with a joint septum eatending to the tip of the
papilla, or the two ducts may enter the duodenum separately. The pancreatic duct
may be absent, or 1t may be joined at right angles by the common bile duct prior
to 1ts insertion into the duodenum (Fig. 5B).

Fic. 7-CW,a 41 athout jaundice.
The choleeystogram » » cholangiogram
through a catheter 1 deuly measunng
up to 7 mm 1w dian —een —; 8 long scptum

PRESENCE OF SPHINCTERS 1N HEPATIC AND PANCREATIC DUCTS

The p of a sph: in the hepatic duct as described by
Mirizzx has not been proved conclusiely. Schuberth and Sjogren stated that the
muscle fibers surrounding the duct are poorly deyeloped and mostly longitudinal,
It 15 therr belief that the &lling defects may be due to insufficient filling, mucous
plugs, and blood clots. There are occasional instances, however, in which during
operative cholangiography, a large hepatic radicle that did not visualize on one
film wall appear suddenly, pletely filled, on ding films. The intraductal
pressure has frequently been observed to increase with succeeding injections. The
sudden ov ing of the of a sphincter might explain visualization of
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only during a second

.. A seen given (Fig 87).

Gage has stated that reflux into the pancreatic duct is prevented by thin folds

which function as a valve. Cases have been observed in which the panercatic

duct was visualized only on the fourth film, during a series of injections, when
the mtraductal pressure had reached 40 to 50 em. of water (Fig, 19B).

VARIATIONS OF NORMAL ANATOMY

The extralicpatic biliary duct system is noted for the great number and di-
versity of possible variations in the ducts with respect to themselves and their
associated blood vessels { Hicken, Coray, and Franz). Variations in the ducts can
be studied radiographically, and these are of anatomic interest to the surgeon. 1f
the variations are sufficiently marked, they acquire pathologic significance.

Fic 8-55, a 27 year old wiite male with a nine year history of night upper
and two attacks of jaundice There was 2 two day lyu's(ory of r.)t'n acutgc attsg(l: a‘slsuo?.'xj,:?:d( gil\:;:
upper abdommal spasm and clevated white blood count The acutely inflamed galibladder
contalming two large calewh was removed at operation The operatne cholingiogram shows
10 caleuli 1 the nommal sized comman duct The eystic duct stump crosses over the commos
duct to a medral sertton. The panercatic duct 15 visuahzed, i

(Surg, Gynee & Obst | 87.299, 1948.)

Variations of the cystic duct insertion nto the common duct have considerable
practical significance. The cystic duct not infrequently appears ta enter th
common duct almost at right angles, ouly te tusn and parallel it for a consid iy
able distance before entering 1t. Consequently, the common duct appears (l i;r-
f'Jﬂﬁted, and the cystic duct may be opened under the erroneous impx}:’essio Oth "
it is the common duct The error is discovered when the surgeon [;s unaglc ta;
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drains the portion of the gland which develops from the ventral anlage. As the
duct approaches the posterior surface of the head of the gland at the level of the
papilla of Vater, 1t turns to the nght to join the terminal common bile duct (Frgs.
10, 19B, and 20B).

The pancreatic duct may jom the common duct prosimal to its transduodenal
segment, or it may join the common duct to form the ampulla of Vater as a Y.
It may parallel the common duct with a joint septum estending to the tip of the
papilla, or the two ducts may enter the duodenum separately. The pancreatic duct
may be absent, or it may be joined at nght angles by the common bile duct prior
to 1its insettron nto the duodenum (Fig. 5B).

Fic 7—CW, a 41 year old white male with a two year history of mild pam without jaundice

The cholecystogram show cholangsogram
through a catheter follow leull measuring
up to 7 mm 1 diamcter . , a long septum

PrESENCE OF SPHINCTERS IN HEPATIC AND PANCREATIC DUCTS

The presence of a sphmcter 1 the common hepatic duct as descnibed by
Minzz1 has not been proved conclusively Schuberth and Sjogren stated that the
muscle fibers surrounding the duct are poorly developed and mostly longitudinal
It is their belief that the filling defects may be due to msufficient filling, mucous
plugs, and blood clots There are occasional instances, however, 1 which during
operative cholangiography, a large hepatic radicle that did not visualize on one
film wil appear suddenly, pletely filled, on ding films The intraductal
pressure has frequently been observed to merease with succeeding mjections The
sudden overcoming of the resistance of a sphincter might eplain visuahzation of
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The common bile duct varies in length, diameter, and degree of curvature.
This is due, in part, to the habitus of the individual. The curvature of the com-
mon duct, at times, approaches the configuration of a reverse C, or the common
duct may lie in a transverse position. Before considering the passage of sounds or
probes into the common duct, the presence or absence of such variations should
be determined.

ARTEFACTS AND MISINTERPRETATIONS

There are relatively few artefacts or other causes for mismterpretation in oper-
atne cholangiography.

ANATOMY OBscURED BY RApioraQUE OBJECTS

If all instruments, including towel clips, are not removed from the operative
field, an important segment of the duct system may be completely obscured.
This may also be caused by allowing the injection tubing to overlic a portion of
the duct. There is usually little difficulty with paracostal incistons in arranging
the injection tubing so that it enters from the lateral side. With paramedian in-
cisions, howerer, it is sometimes difficult to arrange the tubing without kinking it
or causing the needle to become dislodged from the duct.

Distormiox or Ducts a1 INJECTION SiTE

The cannula, catheter, or needle used for injecting the medium into the com-
mon duct almost always produces a slight distortion or angulation of the duct
at the mjection site. In addition, a Jocahzed spasm may be produced by a needle
or cannula inserted far enough to touch the opposite common duct wall. This
may also follow the insertion of a T-tube. A ureteral catheter inserted too far into
the common duct may cause tenting of the wall of the duct.

Amr BussLEs

Alr bubbles are one of the chief causes for difficulty, as they may be misinter-
preted as stones. They tend to be sphencal and multiple, measuring from 2 to 3
mm. in diameter A study of serial films showed that air bubbles tend to shift
thewr position, but small calculi also may do the same. The presence of air bubbles
in the rubber tubing serves as a warning of a possible artefact (Fig. 12B). Con-
stant vigilance is necessary to prevent the entry of air bubbles into the duct
system All connections between syringes tubing, and needles must be tight and

the tubing free of holes, or any attempt to aspirate bile will draw air into the
tubing.

Boroegs or Boxk, Gur, ETc,

The borders of the vertebral bodies or their articular facets may obscure the
common duct if the patient 1s not rotated 5 to 10° to the night. Gas m the intes-
tine can also be confusing, and, sometmes, several such fac

tors combine to pro-
duce the erroneous 1mpression of a calculus (Fig, 10). P
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explore the duct in the direction of the hver. A common septum may be all that
dvides the ducts for several centimeters, again giving a false impression of the
size of the common duct (Fig. 7). The cystic duct may enter the right hepatic
duct or may turn and estend behind the common duct for a considerable dis-
tance to insert on its medial side (Fig 8). The cystic duct may parallel the

gallbladder’ cofitamng cholesterol stones was excised and two 1 cm. faceted caleult were
removed from the common duct

common duct, entering 1t well down posteror to the duodenum (Fig 9). If
these and sumlar vanations are not detected by means of operative cholangi-
ography, long segments of the cystic duct may be overlooked and remain to serve
as a residual source of nflammation, a site for further stone formation, or a
cause for common duct obstruction (Fig. 15A).
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PATHOLOGY OF THE BILIARY TRACT

The pathologic changes often observed by means of cholangiography include
calenli, calcareous debris, narrowing of the transduodenal segment of the com-
mon duct, pancreatitis, tumars, strictures, and atresia. As pxcviously mentioncd,
the gallbladder has not been inchuded in the present study. There is usually fairly

Fic 1IA D McK, a 46 year old white male with a three year hustory of duodenal

an eight weeh hustory of severe nght upper quadrant pan "?ldh\hng t;y the nght shuu}t‘iﬁr ’:l)"i‘\‘:

cholecystogram failed to show a gallbladder shadow  Gastro-int 1 senes revealed a con-

tracted duodenal bulb_ Ictenc mdex was 163 The operatie cholangiogram shows multapl
calcult in a dilated common duct with dilatation of the majpor bile ducts e

good preoperative evidence, by means of physical examnation or cholecystog-

raphy, of a pathologic galibladder. Even m patients whose symptoms are due %o

dysfunction of Lutken's sphincter (collus cysticum), Mallet-buy has stated that

it is more effective to remove the gailbladder than to attempt to preserve it hy
PR

denervation of the sphincter by vagotomy or sy

CHOLEDOCHOLITHIASIS

Almost every attempt ta visualize the biha i i
y ry tract radiographicall;
matvated originally by the desire to detect common duct ca!gculx;‘ Tlc;e););:inlzsgz



98 MONOGRAPHS ON SURGERY

Fic 10—]V, a 50 year old white male with a 16 year lustory of indigestion and progressne
colicky nght upper quadrant pain A cholecystogram failed to reveal a gallbladder shadow
The operatne cholangiogram shows the normal common duct and a segment of pancreatic
duct The injection tubing obscures a portion of the common and pancreatic ducts The com-
mon duct was explored through . of a caleulus-hke shadow formed by the
edge of the vertebra and duodenuat
(Surg, Gynec & Obst, 87.299, 1948 )

INjecTION MEDIUM

Lipiodol, or any other radiopaque oil, used as the njection medium enhances
the probability of artefact and 't ion The med g and
produces bead-hke chains of droplets owing to its inability to mix with bile,
Because of 1ts high viscosity, 1t 1s difficult to mject at a controlled rate. An exces-
swve rate of injection of any medium may produce an artificial spasm of the
phincter of Oddi by suddenly d ding the duct.

INADEQUATE FiLLING

A dilated duct may be quately filled with med; As a result,
a portion of the duct system which might contain pathology is not demonstrable
This 15 especially true if lipiodal or any other o1l medium 1s used A senes of -
jections n which at least one film shows an adequate filling of the duct will help
to prevent such misinterpretations.
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Defects caused by stones vary according ta the size and position of the stones
in the common duct, as well as to the diameter of the duct. A large stone in
contact with the Jateral wall of the duct produces 2 clear-cat hemispherical or
U-shaped defect. A stone lodged against the anterior or posterior wall produces
a punched out, faceted, or spherical defect. A caleulus blacking the lower end of
the duct produces 2 crescentie defeet. The proximal common duet eventually be-

e

Fio 124 ~D.B., a 51 veor old white male with u thiee week lustory of upper abdommal pain

duct, marked namowimng of the transuadenal segment. The defect in the adjucent duodenal
wall s probably due to edema.

comes dilated and may become tortuous (Fig, 114). The exact mnnber of ealculi
present is not as unportant as the d ration that the duct is frec of
calculi. This is determined by T-tube cholangiograms after exploration of th

duct. The infrequent common duct calculus that contums a Lrim of ca\lt:iu:e
presents no problem. It 1s seen on the scout flm of the abdomen, and its Iocatiox’:

hecome: jous if the g isual h
S ‘ub\'uuuc it the g:xllbhdd.er v by cholecystography. Exen with
sucha a chol is v to d i s

¢ g rabe ite mennien alatogn
ship 1o the duet system (Fig. 12A).
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of such calculi which are overlocked by ordinary methods is hard to estimate. As
mentioned previously, 1t probably lies between 10 and 30 per cent of the oper-
ated cases.

Biliary calculi, with the exception of those n the gallbladder, are usually non-
opaque to roentgen rays. They appear as areas of decreased density with more or
less sharply defined borders Calculh may be faceted, irregular, or sphencal in
outline They may be single or multiple, and may occupy any portion of the

Fic 11B —An operatne cholangiogram through the T-tube after remmal of calculi shows
residual debrs m the common duct This was removed before completion of the operation

intrahepatic or extrahepatic duct system. Inasmuch as they tend to overlap, 1t 1s
difficult to determine thewr total number. Calculi are often found m the retro-
duodenal portion of the common duct and m the viemty of the ampulla of
Vater where one of them may become mpacted (Fig. 11A). Not frequently,
a major portion of the duct system 1s filled with calcult of vanous sizes which
seem to have been fitted mto place Calculi may also extend into the intrahepatic
radicles where they may be maccessible ta exploration (Fig. BA).
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shifts to a study of the terminal portion of the common duet and the sphincter of
0ddi. The anatomy snd physiology of this region is s0 complex and controversial
that some orientation 15 PECUSATY before conswdlering its pathology.
Anatamicaphysiolvgic Studics. Wostphal regarded the sphincter of Qddi as
composed of two parts possessing different functions, structures, and innerva-
tons. The proxunal portion or anteam, consisting of the ampulla of Vater, was

iz 134 -EP, a 61 year old winte male with a six month histery of recurr

nght upper quadrant pan associated with transsent jaundice. There \z’as steady :e'?;x:mﬂ?g;
12 hours pnor to admission Multiple gallstones ace scen i the film of the a‘bdﬂnl:en An
operatn ¢ cholangogram showing multiple faccted calcult m the common duct extendiny it
the dilated common hepatic and lcft hepatie ducts. ¥ -junctian of common and pancreatic %l\ic{:

surrounded by oblique and longitudinal muscle fibers and was |

vagus The distal portion or ya%n“a was surrounded by a cxrcu;:: ei:i:;f}?ebymthe
of muscle fibers under control of the sympathetic nerves. He der’nonslmte(% “\‘lp
stumulation of the vagus nerve below the diaphragm with a weak current a('i:
gallbladder contractions, penstaltic movement of the antrum, and xeln o o
the papiila. A moderate stunulation of the vagus produced increased Z’l(]abtlmgdoE
tone and lively movements of the ampulla so that the galibladder emp&ed r:pidf;
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Calculi rarely, if ever, produce a complete obstruction of the common duct. It
is almost always possible to d rate the medium in the duod by opera-
tive cholangiography. Frequently, the flow seems scarcely interfered with, 1n
spite of many stones extending up into the hepatic ducts (Fig. 13A). This agrees
with the clinical observation of Clute that in 39 per cent of patients with common
duct calcuh at operation jaundice may never have been present,

PSS - S

t

Fic 12B —A postoperatne dlokmgmgmm two months after removal of a 12 «m. stone from
the common duct of the 1 segment has d hed Note the air bubbles
m the T- lube and common duct which should be avoided

Biliary calculi may be formed anywhere in the duct system if the necessary
factor of stasis 1s present The gallbladder, with its normal function of concen-
trating bile, provides the most frequent site of calculus formation. It is not too
uncommon, however, to find one or more good-sized calcult the common duct,
1n spite of the presence of a narrow cystic duct or a gallbladder without stones.
Caleuh may likewsse be formed in dilated hepatic radicles where stasis may be
due to a narrowed onifice at the junction with the mamn duct system (Fig. 64)

DeroranTies of THE TEraNaL Coxnnion Duct

Although the imtial attempts at biliary tract visualization may begin as a
search for caleuli, the interest of both the surgeon and the radiologist rapidly
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shifts to a study of the terminal portion of the common duct and the sphincter of
0ddi. The anatomy and physiology of this region is so complex and controversial
that some orientation is necessary hefore considering its pathology.
Anatomicephysivlogic Studies. Westphal regarded the sphincter of Oddi as
composed of two parts possessing different functions, structures, and innerva-
tions. The pm\im‘\l portion or antrum, consisting of the mnpu“n of Vater, was

Frc. -]

n;;ltl‘?A 'EP‘Ida 61 year old white male with a si month hustory of recurrent, cramping,
R pper quadrant pan assoctated waith transient jaundice. There was steady sesere pam for
2 hours prior to admission Multiple gal® S ‘1
operatine cholangiogram showing multiple

the dilated common hepatic and left hepatic — )

iurmunded b?' oblique and longitudmal muscle fibers and was innervated by the
0‘;%:351'11106!11)15(31 portion or papilla was surrounded by a cireular, iris-hke group
stimulacue Frs under control of the sympathetic nerves. He demonstrated that
callblad :1): of the vagus nerve below the diaphragm with a weak current caused
the papil T Zon\mchuns, peristaltic movement of the antrum, and relaxation of
ton apd 13 moderate stimulation of the vagus produced increased gallbladder

nd lively movements of the ampulla so that the galibladder emptied rapidly



104 MONOGRAPHS ON SURGERY

(hypermotile dyskinesia). A strong stimulation of ‘the vagus resulted i spasm o
the antral sphincter and galibladder (hypertonic dyskinesia). When the splanch-
nic nerve was stunulated, the gallbladder and the antral poition of the sphincter
relaxed and the papilla contracted (atonic dyskinesia).

Hull stated that the clinical manifestations of hypertonicity associated with
rapid gallbladder contractions plus spasm were distention with subsequent pain,
Atonicity associated with an atonic gallbladder plus spasm was manifested by a
heavy aching sensation.

Fic 138 —An operatne cholangogram through the T-tube after remosal of 11 calculi by
ungation ‘The ducts are clear of stones.

Mallet-Guy, m an extensive study of the pq!lmlogy of the bihary tract by
means of operative cholangiography and luded that the splanch-
nic nerve was the mhibitor of the bilary duct sys(em, while the vagus nerve
increased the tone of the gallbladder, common duct, and the sphincter of Oddi.
He treated hJ])crtame of the sphincter by vagotomy either at the angulus of the

or d gmatically with good results m a relatively small number
of cases followed up to two years, He treated a considerably larger group of
cases of hypotonic of the bile ducts by a umlateral splanchnicectomy with 90 per
cent good results followed up to six years.

Ncgn studied the regwn of the splincter of 0Oddi by senal postoperative
and by histologic sections taken from cadavers. He demon-

5106
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strated that a great diversity of normal radiologic images of the terminal common
duct and sphincter was possible, depending on normal anatomic variations at the
level of the ampulla of Vater. Longitudinal and oblique muscle fibers were de-
scribed surrounding the ampulla of Vater, as well as cireular muscle fibers sur-
rounding the papilla. In addition, he noted circular fibers around the terminal
common duct, semicircular fibers around the pancreatie duct, and, at times, cir-
cular fibers embracing them both to form a common sphincter. Variations of this
anatomic arrangement accounted for such findings as regurgitation of contrast
media into Wirsung’s duct as a normal and physiologic phenomenon without
postulating functional abnormalities.

Terminology. 1t is obvious that with such a variable and complex anatomic and
physiologic relationship, interpretation of deformities in the region of the
sphincter of Oddi must be made with caution. Snarez, accordg to Tabbal, in-
dicated that it was impossible to study adequately the physiology and physio-
pathology of the biliary passages by means of two or three radiographs taken
during an operative act with the abdomen open, and with the patient under the
effects of transitory anesthesia or different drugs. Interpretation frequently must
be made in the light of the subsequent course of the individual case,

Also obvious is the fact that it is misleading to employ terminology which
already is confused by such terms as “spastic cholepathy” (Schmieden and Nies-
sen), “biliary dyskinesia™ (Ivy), “dyssynergia of the common duct” (Best and
Hicken), “papillitis, sphincteritis” (Waiters), “scleroretractile choledocho-odditis”
(Del Valle), and “odditis” (Mirizzi). To simplify the eusting terminology of the
transduodenal segment, an cffort has been made to choose descriptive terms for
the pathologic changes observed. These include narrowing due to transitory
spasm, prolonged spasm, hypertrophy, inflammation, and fbrosis.

NaRnowINe or THE TRANSDUODENAL SEGMENT oF Tut CoaaoN Duct

Transitory Spasm. Transitory spasm of the sphincter of Oddi is a physiologic
react.lon of the normal sphincter to an excessively rapid injection of contrast
medium or to the use of a medium whose temperature varies too widely from
body te.mperature. The associated cholangiographic deformity in the region of
the sphincter of Oddi consists of either an abrupt narrowmng or, less often, of a
complete block with the common duct ending in a sharp taper The narrowing
may be filiform or tapered, and usually 1nvolves the entire transduodenal portion
of the common duct, Spasm of this type 1s generally no longer apparent on sertal
films, and there is no associated dilatation of the biliary ducts.

Trafxsm)ry spasm of the sphincter of Odds 1s also seen when the sphincter is
llypenmtable, a condition that has been observed in the presence of infected
bile (Figs 294 and B). The injection of as little as 5 cc. of saline into the common
duct during a 40 second interval has been sufficient to produce spasm of such a
sphincter which permitted no medum to enter the duodenum in spite of an
wntraductal pressure of 60 cm. of water A possible mechanism for such a spasm
mlv%ht be mflammation of the mucosa and submucosa due to infected bile.
gen::l:::xﬂ);gzz:] (oéitheli%h)im':;le]; of Oddi.ﬂlso occurs m patients w1t]} psycho-

and s froques g. . s sp.asn? is accompanted by true biliary colic
q ly associated with subjective symptoms of pylorospasm, Pavel,
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according to Colp, stated that sphincter spasm associated with emotional excite-
ment may even cause jaundice.

Transitory spasm due to mcreased irritability of the sphincter of Oddi without
dilatation of the common duct may be precipitated by a small dose of morphine
administered mtravenously. Colp advocated this as a therapeutic test for “dyskin-
es1a.” If the pancreatic duct enters the common duct proximal to therr common
sphincter, the admmstration of secretin prior to morphine greatly amphfies the
seventy of the resulting colic. A flow of 80 or 90 cc. of pancreatic juice reaching

Fic 14A—SH, a 29 year old white male with a history of recurrent sharp epigastrc_and
pertumbilical pamn assouated with nausea and vomiting” Cholecystectomy for acute chole-
cystitis 18 months previously There was derable emotional disturl pr epro-
duced a typical attack of pun Laparotomy disclosed the absence of the gallbladder and a
nomal common duct An operatne cholangiogram shaws a normal common duct

the duodenum within the first 20 mimnute period after mjection may be reduced
to 8 or 10 cc. with a q marked m mtraductal pressure and
subsequent pamn The cholangiographic deformuty of the sphincter of Oddi fol-
lowing the injection of morphine 1s similar to that which is seen following an
excessively rapid mjection of contrast medum

Transitory spasm may be resolved by the use of varnous mtrites, with the
simultaneous relief of pawn. Intravenous ammophyline and papavenne have
proved to be relatively effectne These drugs may have to be repeated, however,
if colic recurs.
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Fic 14B -An operatne cholangiogram 15 munutes after the mtras enous adnumistration of
morphine shows spasm of the transduodena) segment of the common duct,
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Prolonged Spasm. Prolonged spasm of the sphincter of Oddi is always associ-
ated with proximal dilatation of the biliary system and with some degree of stagna-
tion of bile. This spasm may be associated with biliary colic and jaundice It may
occur in the absence of common duct calculi, and even when stones are present,
complete occlusion of the duct is rare.

of three months’ duration and jaundice for three days Laboratory findings weére consistent

with obstrucine Jaundice An operatne cholangiogram shows a marked narrowmg and

iuregulanty m the region of the sphincter of Oddi with moderate dilatation of the proammal

<ommon and hepatic ducts, and the residual dilated cystic duct stump with medial insertion
No calculus 15 present.

Prol d spasm is frequently iated with an active duodenal ulcer. Archi-
bald, m 1919, demonstrated that pamting the papilla with hydrochloric acid
produced a spasm able to withstand a pressure of 80 cm of water. Doubilet and
Colp produced a spasm by introducing 09 per cent hydrochloric acid through a
duodenal tube and recorded T-tube duct pressures as high as 255 em of
water Obstructive jaundice foll hol y has been observed to dis-
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appear on several occasions {ollowingg intensive medieal treatment of an active
duodenal uleer {Figs. 15A, B, aud C).

Prolonged spasin of the sphineter may also be assoeiated with chirouic of
utis or chronic infl ation in u fong of the cystic duct. Giordano and
Mann and others have postulated o reflex mect as the cause for such spasm.
Correction of obvious bile duct pathelogy frequently relieves sphincter spasm
without a direct attack on the sphincter. Colp suggested that a sunilar refles
wechamsm might also play a role in jaundi fated with acute cholecystitis

7>

el

Fic 158.~An operatne cholangiogram through a double lumen T-tube {followmng common
duct exploration shows Ittle change in the narrowmg i the region of the sphancter,

when the common duct is free of caleuh Extension of the acute mflammation
rarely involves the region of the sphincter directly, even when there is consider-
’:;h\c! edema of the tissues overlying the supraduodenal portion of the common
ue
P’”}“E"d spasm probably plays au important role in the production of jaundice
associated with common duct calculi. Complete obstruction of the common duct
by caleuli is rare, and frequently numerous stanes hardly seem to mterfere wlil:h

the flow of bile into the duodenum. Jaundice may appear when spasm of the
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sphincter of Oddi occurs as a result of imntation arising from a stone in the
ampulla of Vater. Decrease or disappearance of jaundice occurs in many cases in
which subsequent exploration or cholangiogram discloses a calculus in the
ampulla which 1s much too large to pass. In such cases, the disappearance of
jaundice is probably due to dimmution of spasm of the sphincter rather than to
passage of a stone.

Fic. 15C.—Postoperative cholangiogram six weeks later, showing a normal common duct. The
narrowng of the sphincter and the proumal dilatation have disappeared.

Hypertrophy Hypertrophy of the sphincter of Oddi is the result of prolonged
or repeated episodes of spasm. The wall of the transduodenal segment is consid-
erably thickened, with a narrowing of its lumen, owing to a hypertrophy of the
smooth muscle Bbers of the sphincter. The chnical picture caused by hypertrophy
is similar to or an accentuation of that which is seen with prolonged spasm.
Duodenal ulcer probably plays the predominant role in the production of this
lesion. Giordano and Mann reported a case with an eacellent illustration of hyper-
trophy of the muscle fibers of the sphi jated with duodenal ulcer.

I " q

ion of the sphi of Oddi usually occurs as a result

ofa ‘ne;ghbonng inflammatory process. This may be associated with gallstones in
the 1 duct and infected bile. The fl ry process may cause
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the adjacent duodenal mucosa 1o beeome edematous, producing a Rlfing defect of
the duodenun {Fig, 120). Inflammation of the sphincter may result from an
adjacent area of pancreatitis (Fig, 18B) 1t is difficult to be certain of inffammation
of the sphincter in the absence of such evidence as edema or surrounding pan-

Fic 188 -CJ, 2 43 year
s old white male, s chromc aleohohe, with a th ¢
Shatp epigastiic and nght wmer rnlrant 1 ittt oo o s o, 3 thiee week Instary )“r"
w
+d

. P
oI e IS pANCreas An operatne chiolangagram through' @ T-tube
;‘:::’l\t“gg and displacement of the pancreatic sugx%\ex%! of the (‘%mmon :I‘tut. s’}r‘?x:rse ?;a;\::.l
brameh arrowing of the transduodenal segment ~The provimal common duct and hepatie

ches are slig] itly dilated Note the calcareous depasits in the head of the Pancreas i
wsertion of the common ducts mto the transverse duedenum, ane the

creatitis, It s possible, however, to demonstrate the rale of spasni in conjuncti

\le'll'\ﬂamma\ion by repeating cholangiographic studies 10 to 12 minuzleslai]: .
ﬂd"{kmstration of the intravenous aminophylline. Mallv:t—(luy obtained this jnf, <
mation by injecting p ine into the gastrohepatic s wnfor-

the stomach, 4 pr e with whi ™ at the angulus of
o procedure with which we have had no experience. It ig probable
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that spasm maintained by mfl 10n of the sphi plays an important role
in the resulting deformity, Common duct drainage may have to be prolonged for
several months following correction of the focal pathology before the region of

the sphincter regains a normal cholangiographic app
Fibrosis. Fibrosis of the sphincter of Odds is due to chronic and repeated epi-
sodes of inflammation. The wall of the transduodenal t is thickened, with

8!
narrowing of its lumen, owing to a replacement of the smooth muscle of the
sphincter with fibrous connective tissue. There 1s dilatation of the proximal biliary

Fic. 16B A postoperatne cholangiogram after two weeks of common duct dramage shows

no change.

ducts. In the presence of fibrosis, the use of P dics and prolonged com-
mon duct dramage are of no avail in relieving the obstruction. The deformity per-
sists and has been scen in postmortem cholangiograms confirmed by histologic
sections (Fig 21B).

The differentiation of a narrowing due to prolonged spasm from one due to hy-
pertrophy, inflammation, or fibrosis 1s impossible at the imtial cholangiographic
observation. The dividing lnes are somew hat arbitrary, and several of these en-
tities may be present simul ly. Only by followmng the course of the patho-
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an apprecia-

ParceaTivis

Cholangjographic manifestations of pancreatitis depend on the location of the
inflammatory process within the head of the panereas and on the resulting de-

Fie, 1TA~F.AM,, 2 50 year «
with cramping right upper <,
hustory of l;.mndxcc Laboaratusy s
was thoug

An operaty

on assecrated
d a four day
P ‘The patsent
it !o‘h:ne a neoplasm m the region of the .xmiullz of Vater or hiead of the pancreas.
A e <holang shows duk of all the Inle ducts with a large calculus m the
ated eystic duct The pancreatic segment of the common duct 15 marrowed by extrinsie
pressere with complete block m the region of the ampulla of Vater Transduodenal explora-
tion of the ampalla with biopsv faded u:] ’:(;EM fwnor Didated eystic duct :\nastnmcsgd to
uodenum

formuty of the pancreatic portion of the comman bife duct. Disease limited to the
body ar tail of the pancreas produces no demonstrable change in a cholangiogram
Ths is true both for acute hemorrhagic and chronic pancreatitis. Normal ogr er:
tive c.hiolangiogmms were observed in 3 patients with acute hemorrha icp a:
creatitis who were operated on with of intestinal obstruct%o ? d
rug;uhrcd peptic ulcer. "
en is i isti
the head of the pancreas is inflamed, the characteristic cholanglographic
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deformity of the pancreatic segment of the common duct 1s likely to be present.
This deformity depends on the course of the duct through the head of the pan-
creas, which results m its smooth, concentric narrowing (Figs. 16A and B).
1f the duct lies in a deep groove on the posterior surface of the pancreas, inflam-
mation m this region produces a smooth, cccentric nanowing of the involved
portion of the duct. Exther type of narrowing may progress to complete obstruc-
tion of the common duct (Fig 17A). The proxmal biliary duet system is dilated,
and there may or may not be an associated inflammatory narrowing of the
transduodenal segment. There 15 often an abrupt angulation of the common

T T

Fic 17B —A postoperatne cholangiogram shows the common duct almost normal after four
wecks. The anastomosis betwcen the ¢ystic duct and the ducdenum 1s closing.

duct proximal to its pancreatic segment, at times exceeding a right angle Caleuli,
when present, are proaimal to the narrowed, kinked portion of the common duct
rather than in the more usual location i the ampulla of Vater (Figs. 18A and B).

The significance of visualization of the pancreatic duct during cholangiography
has been discussed by many authors Levens found reflux present in 21 to 23 per
cent of hus cases The reflux was not always constant m the same patient. In 16
cases, it was attributed to spasm of the sphmcter of Oddi, in 3 to stones, and n 2
to stricture. Doubulet reported reflux i 20 per cent of his patients and attributed
it to spasm. Marizzi also was of the opinion that it was due to spasm and might
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cause pancreatitis, He believed that a dilated, sinuous pancreatic duct seen
thioughout its entire length, with visualization of secondary branches was evi-
dence of such pancreatic mflammation. Robins and Heimanson found reflux 1n 4
out of 25 cases, all 4 of which had chronic pancreatitis as evidenced by enlarge-
ment and hardening of the gland. On the basis of these findings, they considered
reflux diagnostic of pancreatiis. Hunt, Hicken, and Best found reflux in 5 out of
56 cases, with induration of the pancreas in only one of them. They considered

Fic 18B —A postoperatnve cholangiogram four and one-half months after removal of the

calcult shows one arm of the ‘T-tube eroded into the duodenum There are multiple, stones

i the common duct with further narrowing and angulation of the pancreatic segment of the
common duct There 15 calcification of the head of the pancreas

that filling of the pancreatic duct mdrcated close relationship between the open-
ings of the pancreatic and common ducts with more than usual pressure in the
ampulla Because fillmg of the pancreatic duct was occasionally followed by
transient pancreatitis, they felt that reflux was an indication for common duct
dramnage. Mallet-Guy stated that he had obsenved a marked or Iimited reflux into
the pancreatic duct mn the majonity of 29 cases of coenistent chrome pancreatitis
and hypertonic of the sphincter of Oddu

Reflux mto the pancreatic duct was observed 1 80 per cent of the present
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B

— 2 1d white male with a 10 year history of nght upper quadiant pan
g:fl;ucl:i b(; }fiau; ;500352;3 an acute attack of three weehs’ duration without jaundice. A tender

as present below the nght costal margin The cholecy stogram resealed

:‘nnsi 3 em in diameter was p. g sopram revealed
. ) An operatwe chol-
T antrahepatic radicles
m. The common duct
s

1
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series of 150 cases It was usually confined to the distal 4 or 5 cm, of the duct
and was not always constant in the same patient, sometimes being demonstrable in
one exarmnation and not in a second. It was seen most frequently on the third film
of a senies after the total amount of the medium had been injected, and the intra-

-

Fic 20A—MH, a 33 )ear old “hue male with a hlslory of cholecystectomy for gallstones
two years before y for wcterus one year later
Jaundice clearcd following splenectumy, but epigastne and left upper abdominal pain_which
radiated to the back recurred Blood amylase studies were persistently elevated Chnrcal
symptoms were reproduced by 3§ gram of morphme intravenously. Laparotomy disclosed a
shght enlargement of the common duct which contamed calculi, An operative cholangiogram
shows multiple calculi 1n a dilated common duct There 15 almost complete 1isualization of the
smuous pancreatic duct and its branches Note the tortuous cystic duct stump orerlying the
dilated commen hepatic duct

ductal pressure was at a maxunum, In some cases, even the fine tuibutares of the
pancreatic duct were visualized without using ijection pressures over 20 cm of
water,

Out of 10 cases diagnosed as pancieatiis exther on the basis of operative find-
ings or elevated serum amylase, the pancreatic duct was visualized m only 2. In
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one of these, the pancreatic duct was smuous and visible throughout its entire
length (Figs. 20A and B). In 3 cases the inflammation was confined to the body
and tail of the pancreas, and the common duct was normal by cholangiogmphy.
A postmortem cholangiogram in another case of pancreatitis failed to reveal the
pancreatic duct. Injection of the medium into the provimal pancreatic duct
showed that it was dilated and separated from the common duct by a septum
(Figs. 21A and B).

Fic. 20B —An operatne cholangiogram through a T-tube after removal of i
duct is dlear of calcult oral of the calcul “The

Reflux depends primanly on the anatomic arrangement, with the junction of
the pancreatic and common ducts occutring proximal to the papillary portion of
the sphincter of Oddi. Reflux is more likely to occur when there is spasm of thi
portion of the sphincter with an increase in intraductal pressure as ix{) some cas o
there is a valve-like mechamsm at the mouth of the pancreatic duct which pe 5f~;5
reflux nto the pancreatic duct only at pressures of 40 to 50 em. of \vah:rp(rl?'ll ;
19A and B). On the basis of our eaperience, reflux of opaque media int i
duct of Wirsung does not w: the diagnosis of a2 13 into the

it itis per se.
NEoPLASMS

{ . .

Neoplasms may involve any portion of the intrahe

aocoplasms may r patic or extrahepatic bile
he liner 3 i i i
3 p ma. Liver pl , either primary or meta-
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static, are apparent as space-occupying lesions masmuch as they displace and
distort the hepatic radicles They must be differentiated clinically from liver ab-
scesses, cysts, and gummas,

Carcinomas mvolving the bile ducts and head of the pancreas produce per-
sistent, complete occlusions with funnel-shaped or irregular defects. There is
marked dilatation and blunting of the proximal mtrahepatic radicles (Figs. 22
and 23). A duct lesion n the portal fissure o1 in the hver may mislead the

Fio 214G A, 2 58 year od whi male wih o two weck bitory of nght shoulder and

back pamn and an old history of pul mphy wath The patient was
semicomatose but m nbuously se\ere generahzed abdommal pam until death on the snth
hospital day A p oW s g of the termwal common duct

with a small circular defect.

surgeon operating without the benefit of cholangiography. Concluding that he
has explored a patient with hepatitis, he usually has termmnated the operation
without defimte surgery Mallet-Guy stated that an early carcmoma of the head
of the pancreas which had not completely blocked the common duct could be
diagnosed by cholangiography, but that the differential diagnosis should include
chronic pancreatiis The pressure deformity might be eccentric, similar to that
which is seen m pancreatitis Such early carcinomas have not yet produced
Jaundice and are usually neidental findings.
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The common or common hepatic ducts may also be invaded, C(Jmprc.sscd, or
completely bloched by pressure due to mctastatic lymph nodes, metastatic carci-
noma of the pancreas or stomach, or retroperitoneal sarcomas.

Fic. 21B.—A p m cholangiog foll
narrowing, of the distal pancreatic duct with prox:
between the ducts extendin
wfarct and acute p 4
13 due to fibrosis. The crcular defect m the distal common
proliferation 1 the mucosa.

g mjection of the pancreatic duct shows
imal dilatation, A common septum 15 present
g to the tip of the papilla. Nccmps‘y revealed a recent myocardial

\ of the duod, segment of the common duct
dutt is caused by glandular

CuoLebocnsts

Choledochitis, a rare wnf

y lesion of the common and hepatic ducts,
presents the cholangiographic picture of a generalized narrowing of the lumen
of the ducts with rigidity and thickening of their walls. Intermuttent jaundice for
a prolonged period, even in the absence of calculi, is frequently associated with
this condition. A chrome infection of the large glands in the walls of the duct
gives rise to a low grade cholangitis and has been advanced as the etiologic agent
(Burden, quoted by Macdonald). French surgeons described this entity as a
“pipestem duct” in which the common duct scarcely admits a probe {Calp).
Whipple reported 3 cases m which reoperation for jaundiee following cholecyst-
ectomy disclosed only fibrous connective tissue left in place of the common and
hepatic ducts between the duodenum and portal fissure. He was certain that the




Fic 22A —HH, a 42 year old colored male w.th a three week history of fatigue, aching ab-
dominal pain, and a tliree day ustory of jaundice. The cholecystogram revealed nonvisualiza-
tion of the gallbladder Laboratory s:ud)nes were consistent with obstructine jaundice. An
operatnve cholangiogram shows the dilated bihary duct system with a complete block m the
region of the ampulla
(Surg, Gynec & Obst, 87.299, 1948 )

Fic 22B --An opetatine speancn opened, showing block of the common duct by a carcnoma
m the vicinity of the ampulla
(Surg, Gynec & Obst, 87,299, 1948 )
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common duct had not been injured at the time of cholecystectomy and explained
the findings on the basis of a refluy of activated pancreatic juice.

When choledoehitis is found at reoperation followmy cholecystectomy, con-
siderable confusion may oceur 5E cholangiography is not utitized, The common
duct appears markedly dilated, but this is actually due to an inflammatory
thichening of the walls. This explams the sigidity of the walls and the narrow-
ing of the tumen which fails to dilate in spite of high injection pressures. Many
months of T-tube drainage may be necessary before such a duct returns to a
relativ ely normal state (Figs. 244, B, and CJ.

Fic 23 -FE, a 54 year old white male with a two month history of dull umbihical pam
radiating to the flanks and back associated with a 20 pound weight Joss and jaundice of onc
weck's durabon  An il debned hard imass was {m\pa{cd m the nght upper abdomen. A
cholecystogram rerealed nonsssualization of the galibladder shadow A g stinal series
revealed a widening of the C loop of the duodenum Laboratory Bndings were suggestne of
obstructine jaundice, and the stools contuned blood Laparotomy disclosed an inoperable
caremoma of the p.\nu{fas with metastases 'I"he patient died of gastro-mtestinal hemorchage

10 days h
P ¥ shows obstruct .
common duct with marhed pmunu? chilstation of the biliary ducts on of the

STENOSsts

Postoperative cicatricial stenosis of the hepatic and common Inle ducts occurs
occasionally. According to Cattell and Walters, however, 1t comprises 80 and 90
per cent, respectively. of all common duct stenosis The lesion 15 most often at
the junction of the cystic and common ducts Cholangiography reveals a smnol;

concentric narrowing of the duct with proximal dilatation 1f the stenosis 1 o B
[ ) ' .
v

Frawiowoatesia ot the sie of anastomosss. With atresia, flere is 2 ma?i:;i



124 MONOGRAPHS ON SURGERY

proaimal dilatation of the duct system which retums to normal following correc-
tive surgery (Figs. 26A and B).

[T SR |

Fic 24A.~EW., a 31 year old white male with & 12 year hutory of recurnng episodes of
ck in the Amy was diagnosed as
stones, was removed 1 the Army

ot eme o < 1€ back, There was jaundice con-
stantly for six months prior to admussion Luer funcfion and fragiity tests were normal At
operation, the common duct appeared to be 2 an i diameter An operatine cholangiogram
with a catheter i the common duct shows a shost segment of the namowed common duct,
Angulation and g of the duodenal segment were also present,
(Surg, Gynec & Obst, 87299, 1948 )

CONGENITAL ATRESIA

Congenital atresia of the bile ducts, while rare, does oceur with sufficient fre-
quency to make efforts at surgical correction worth while, Hicken and Crellm
were able to collect 200 cases from the literature and added 5 of their own, Ladd
and Gross stated that m 16 to 20 per cent of the cases the stenosis was low
enough in the hepatic or common duct to provide suficient proimal duct for

: ol

to the duod or je CI giographic evidence of the
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patency of the ducts is a definite improvement over the former method of trying
to distend the duets with saline injeeted through the gallbladder (Hicken and
Creltin). The vpaque media may be injected into the gallbladder or any structure
in the portal fissare which contains bile. In certain cases, the media can also be
injected by liver puncture, a method Mirizzi has employed with neoplastic
steuosis of the main bile duct.

Fic. 218 ~Operatne cholangiogram with a catheter 1 the common duct shows 4 nonmal
proxmal bibary duct system .
\Surg . Gynec. & Obst., §7 289, 1948.)

MisceLranEoUs

Other less frequent pathologe conditions of the bile ducts are demonstrable b
operative cholangjography. Mallet-Guy described intermittent obstruction of thy
common duct by both hydatid eysts and ascaris, Urrutia and Ferraris reported g
cases of flukes in the hepatic and common ducts, Mirizzi deseribed g cxiz\)z r( ion
diverticula and pseudocystic dilatation of the common duct, both COmIi)x i ateron
wouly associated with icterus. Thin-walled vancose veins may gb;:::ec(l;]:
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proximal dilatation of the duct system which returns to normal following correc-
tive surgery (Figs. 26A and B).

Fic. 24A—~E W, a 31 year old white male with a 12 year history of recurnng epnodes of
panless jaundice lasting approximately one week One attack i the Army was diagnosed as
bladd

hepatitis. The sard to have contamed stones, was removed 1n the Army
followng a sesere atiack of abdominal pan radiating to the back. There was jaundice con-
stantly for six months prior to admussion Liver function and fragility tests were normal. At
operation, the common duct appeared to be 2 cm 1 diameter. An operatne cholangiogram
with a catheter m the common duct shows a short segment of the narrowed common duct
and of the transduodenal segment were also present
(Surg, Gynec. & Obst , 87.299, 1948.)

CONGENITAL ATRESIA

Congenital atresia of the bile ducts, while rare, does occur with sufficient fre-
quency to make efforts at surgical correction worth while Hicken and Crellin
were able to collect 200 cases from the hiterature and added 5 of therr own. Ladd
and Gross stated that in 16 to 20 per cent of the cases the stenosis was low
enough m the hepatic or common duct to provide sufficient proumal duct for

o Cholangi

to the duod. or hic evidence of the

JeJ
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ography was too complex and time-consuming. His method consisted of a slow
injection of 20 ec. of water into the gallbladder or a rapid injection of a few cubic
centimeters of water into the common duct by means of a special curved cannula
lying in the cystic duct. The resulting pressure nse and its snbsequent fall were

Fie, 35 ~MW, a 4 year old white female with a history of persistent indigestion and right

vpper quadrant pam following cholecystectomy 18 months presiously The same symptoms

y?:\:‘:e with jaundice, An operative cholangiogram shows the stump of the cystic duct and

5 dn'unon duct without calculus or obstruction, there 1s a definite narrowing of the common

luct distal \a‘lhe entrance of the cystic duct with mummal proumal dilatation (arrow), passage
of a No. 12 French catheter was easily accomphshed, exploration was negatne

recorded on ky
seconds. As a re
Mallet-Guy was
studies,

‘mograph, the drum of which made a complete revolution in 25
sult of his experience in approaimately 850 cases up to 1948,
able to add much useful information to his cholangiographic
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common duct in portal hypertenston associated with cirrhosis, Serious hem-
orrhage may result from a duct exploration deemed necessary because of a history
of jaundice A cholangiogram with the medium njected through the cystic duct 1s
likely to reveal a tortuous or hinked duct with extrinsic pressure defects caused
by the varicosities (Fig. 27).

Fic 24C —A postoperatrve cholangiogram after 10 months of T-tube dramage, demonstrating

reduction of the narrowing and angulation of the transduodenal segment Forty cm of water

pressure through the T-tube produced discomfort and 50 cm caused pam. Nitroglycenm and
atropme had no effect on the duct pressure or cholangiogram,

MANOMETRY DURING OPERATIVE CHOLANGIOGRAPHY
INTRODUCTION

The addition of manometry to operative cholangmgraphy was motvated by a
desire to mumnmze the errors inherent in a method which relied on brief ghmpses
of a changing common duct picture, Since fluoroscopy in the operating room was
not practicable, mtraductal pressure measurements were made to obtam addi-
tional information Bergeret and Caroli, n 1941, mtroduced “radiomanometrie,”
which consisted of simultaneous measurements of the mtraductal pressure during
operative cholangiography.

Mallet-Guy, n 1942, mtroduced a modification of manometry associated with
cholangiography, for he believed that the recordng of pressure during cholangi-
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duciug the hnowa values for a system filled with water at body temperature, the
formula hecomes: T0.4 == % k. X 0.991 X 980 X r. The error when o tube with a
diameter of L5 m, is used equals 1Y e, and for a diameter of 2.3 nun. s only
1.15 cn, Since the changes in bile duct pressure may he of the order of 40 or
50 cim., the error even with tubes 1.5 mm. in diameter 3 not critical and correction
may be made for it

Fic 26B.~Postoperatne cholangiogram made foliowing anastomosis of the common duct ta the
oux foop of the jejunum, with rehief of obstruction.

Equipment. In addition to the equipment used in operative cholangiography,
a stal ﬁf‘id ter with a th y stapcack and a 30 ce. syringe is re.
qu\de (Fig. 28). Kymographic recording is preferable 1f the necessary recoxding
equipment is available. A No. 6 whistle-tip ureteral catheter with an adapter is
the most satisfactory type of connection to the duct system when inserted through
a small transverse incision in the cystic duct. Multiple holes 1 the end of the
ca!‘heter and its plasticsty wsure an adequate mechanical systerm. Metal can.
nulze tend to kink the cystic duct and do not record pro) N i
oo properly unless held in

Operative Technic. After the same i

X preparation as m operative cholangi 4
with the Qusection of the pnction of the cystic and Pcc\mmon duc?;g l?xgr:rg}a?l
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Lacking the necessary equipment and experience for a manometric study as
performed by Mallet-Guy, we have been recording common duct pressures dur-
ng operative cholangiography by means of a spinal manometer, in an effort to
evaluate the additional information obtained.

o e

Fic 26A ——AB a 57 year old \\)utc male with a 20 month lustory of common duct 1njury
dunng chol of \he common duct to the duodenum was
followed by atresia and chol: An shows complcte obstruc-
tion of the common duct with marked dlla!anon of the proaumal bilary ducts

TEecixic

Physical Principles. In 1ecording an accurate pressure in any system where a
sumultaneous flow is occurring, a separate connection of a manometer to the
system is required If a Y-tube is used to connect the manometer to the tube
through which the flow is occurring, the resulting pressure reading will be a
composite of pressure and rate of flow, becomming more inaccurate at more rapid
rates of flow.

Mallet-Guy stated that the internal diameter of the cannula or trocar used to
connect the bibary duct system to the manometer has been fixed experimentally
at 235 mm. In his opmion, when smaller cannulae are used, the capillary action
produces false readings

Errors due to capillary action occur at the fluid gas terphase and are not
dependent on the size of the fuid filled parts of the system. The error due to
caplllary action 1n tubes of small di; is caleulated a ding to the formula:
» =% hdgr, y = surface tension in dynes per sq. cm; h = hexght of hquid
m the capillary tube; d = density of the liquid; g = gravxtauoml constant ex-
pressed in cm. per second squared, and r = radius of the capillary tube. Intro-
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ducing the known values for a system filled with water at body temperature, the
formula becomes: 0.4 = % h. X 0.994 X 950 X r. The error when a tube with a
diameter of 15 mm, s used equals 19 em., and for a diameter of 2.5 mm. s only
L15 cm. Since the changes in bile duct pressure may be of the order of 40 or
50 cm., the error even with tubes 15 mm. in diameter 1s not eritical and correction
may be made for it,

Fic 26B.-~Postop cholangiogram made foll 5 of the common duct to the
Roux loop of the jejunum, with relicf of obstruction.

Eqm‘pmcnt. In addition to the equipment used in operatve cholangiography
a spinal fluid manometer with a three-way stopcock and a 80 cc syringe is re:
quu:ed (Fig. 28). Kymographic recording 1s preferable if the necessary recording
equipment is available, A No 6 wiustle-tip ureteral catheter with an adapter is
the most satisfactory type of 1on to the duct system when inserted through
a small transverse incision in the cystic duct. A\Iult;ple holes in the end of tlgle
catheter and its plasucity msure an adequate mechanical system. Metal can-

nulae tend to kink th tic duct d i
ostion s e cystic duct and do not record properly unless held in

wuolpe;lﬂﬁb% Technic. After the same preparation as in operative cholangiogmph 3
h the dissection of the junction of the cystic and common ducts, a smal)l
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Fic 27-WM, a 60 year old ,wndxcd white male with a }ustory of a perforated gallbladder

60 days before ad y e were consistent with hepatitis and posterior

dual infarction At op the common duct was obsoured by large vancose vems

An operative cholanﬁlogmm shows a kinked common duct with narrowing at the dustal end
oumimal dilatation of the hepatic radicles, no calculus
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transverse incision s made in the cystie duct within 1 em. of this junction, A
culture of the bile is taken. A No. 8 urcteral catheter, connected to a spinal
manometer and a 30 cc. syringe by means of a three-way stopeock and adapter,
is filled with saline from the syrmge. The manometer is likewise filled with saline,
care being taken to chmmate air bubbles m the system. The ureteral catheter is
then inserted through the incision in the cystic duct approximately 2 or 3 em. and
wionally some difficulty will be experieneed in
° Teister’s valves. If gentle manipulation does not
disclose the correct passage, the catheter should be remserted through another
small transy erse incision nearer the common duct.

A No. 22 needle attached by amber rubber tubing to a saline syrnge is in-
serted through the anterior wall of the common duct, as described for operative
cholangiography The zero point of the manometer is adjusted to the level of the
common duct, and the 1s put m ¢ ication with the duct system
by turmng the stopcock. The level of saline i the manometer is allowed to fall
until 1t is balanced by mtraductal pressure. This is the “mitial pressure” or the
measure of the resistance of the sphincter of Oddi. Small fluctuations in pressure
are present with respirations if the mechanical system is adequate,

Five cc. of saline warmed to 98° F. are injected through the needle, with an
njection time of 30 to 40 seconds recorded by a stopwatch. The pressure at the be-
ginnng and e¢nd of the injection is recorded Three mjections of 5 cc. each of 70
per cent diodrast or 75 per cent neo-iopax are then made, with each injection being
followed by roentgen ray exposure. The pressure 15 recorded, likewse, at the be-
ginning and end of cach injection. If there 15 any doubt concerming the technical
adequacy of the films, the ureteral catheter may be left in place while the gall-
bladder 15 removed If after the wet films are seen, it becomes necessary to repeat
the cholangiography, this may be done readily by injecting contrast media
through the catheter m the cystic duct

Facrors INFLUENCING COMMON DucT PRESSURE

After the gallbladder has been removed from communication with the rest of
the extrabiliary duct system by occlusion of the eystic duct, common duct pres-
sures depend almost entirely on the state of contraction of the sphincter of Oddi.
Elasticity of the walls of the ducts plays a relatively minor and passive role Even
when there has been overdistention of the ducts because of obstruction, once the
system is filled to capacity, pressure changes depend on the sphincter of Odd1.

Many imvestigators have reported on the normal pressure m the extrabiliary
duct system both w ammals and m humans In animals without a gallbladder,
there 15 no papilla for the entrance of bile into the duodenum and no sphincter of
QOdd, Bile flows constantly and cannot be arrested by irritating the onifice through
which it enters the gut (Giordano and Mann) In animals with gallbladders,
there is such a papilla, and bile enters the duodenum intermittently because 0;
contractions of the sphincter of Oddi. Pressures m different species have been
found to vary from a mummum of 7.5 em to a maximum of 40 cm. of water

(Giordano and Mann, Herring and Simpson, Doubilet and Colp) Numerous in-
vestigators have grven shghtly different values for the normal ntraductal pressure
In man, but the range has been from 8 to 165 cm. of water (Doubilet and Colp;
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Giordano and Mann; Butsch, McGowan and Walters, Doubilet; Caroli; Deucher
and Partington) This is the initial pressure or the measme of sphincter resistance.
As a senes OE m]'ech'ous of a rndl()paquc mcdlum is m‘dde dufl'llg operahve

langiography, the duct pressure rises slightly but usually returns to
the initial pressuie within a few mmutes.

Fic 20A—BH, a 63 year old white male with hypertensne cardiovascular disease and 4
seven month history of ‘sharp nght upper quadrant pam without jaundice A cholecystogram
revealed multiple small caleult m the gallbladder A thin-walled gallbladder contanmg several
caleult was removed and the common duct dramed because of excessive mtraductal pressure.
Bile taken at operation cultured E. coli and Aerob g An op: hol

with manometry after 5 c¢ of the medium shows marked narrowing of the transduodenal
segment of the common duct and httle medium 1 the duodenum Pressure, 44 cm. of water

Rate of Injection. When manometry is performed with operative cholangiog-
raphy, the pressure r ded 1n the duct 1s mfl d noticeably by the
rate of injection. The sphincter of Oddi is sensitive to a rise in mtraluminal pres-
sure. Sudden distention of the bile ducts by too rapid jection of fluid 15 always
followed by a spasm of the sphincter with an increase in intraductal pressure.
This may reach the potential res of the sph which, ding to
Archibald, is 80 cm. of water. The spasm 1s generally transitory, and the pressure
falls rapidly as soon as the mjection is discontinued.

When the sphincter is hyperirritable, owing to the presence of infected bile in
the duct system, mjection of even a small amount of fluid slowly will suffice to
induce a spasm of the sphincter. In one such case, the injection of 5 cc. of diodrast
at 99° F. during a 21 second period raised the pressure from 19 to 44 cm. of
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water. Further injections had to be made much more slowly to keep the pressure
from exceeding 60 cm. of water (Figs. 29A and B).

Temperature of Injected Fluid. The temperature of the injected fluid should be
measured by a thermometer and mantained as close to body temperature as
possible. Too wide a deviation in either direction may produce sphincter spasm
and a rise of the intrabiliary pressure. Caroli stated that a diminution in sphincter
tone with Jow temperatures was d rated by Hitoo I ga. In our ex-
perience, cooling the injection media to 50° F. causes an increase in sphincter
resistance with a prolonged perfusion time. If 70 per cent diodrast is used, there

Fic 29B —An operatn ¢ cholanglogram after the third imjection (total 15 cc )
obstruction of the transduodenal segment and filling of the fine mtrahepatic
0 cm. of water,

showing complete
radicles” Pressure,

is the added possibility that precipitation may occur mn the synnge, Small in-
creases in the temperature of the media are also sufficient to increase the tone of
the sphuncter. Fluid at 102° F. is able to produce an mtrabiliary pressure of 35
of water with cholangiographic evidence of sphincter spasm (Figs, 30A and Bc)ml
Caroli expressed the opimon that the perfect injection appar:;.tus should b
eqlzip.ped with an insulating device sinular to a thermos bottle around the syring:
1 water.
[ depends on
y abnormahty of the
Ppressure. Increases in

the tone or state of contraction of the sphincter of Oddi, an
sphincter, either transitory or prolonged, will affect this
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tone are associated with elevations in pressure, and decreases, with drops m
pressure. The increase in sphincter tone or spasm is rarely sufficient to prevent
any opaque medium from entering the duodenum. When complete occlusion due
to spasm occurs with a calculus mmpacted in the ampulla, the common duct
pressure rises rapidly toward the potential resistance of the sphincter (Figs. 3
and 31). No attempt has been made to check Archibald’s statement that spasm of
the sphincter may withstand 80 em. of water, as rupture of the fine bile canalicul
was feared. Pressures of 60 em, of water, however, have been recorded 1n several
wstances (Figs. 3, 29, and 31)

— ..
i “)’ ' q
. . - .\ " " * 7 .

Fic 29C —Postop chol with y after 16 days, showing a nurmal
Commn duct with a pressure of § cm of water

With lesser degrees of spasm of the sphincter of Oddi, with or without calculi,
the initial pressure 15 generally higher than normal. With succeedmg injections,
the pressure increases, falling shightly at the end of each mjection, but reaching
higher and higher plateaus (Figs. 19 and 30), The sudden drop in mtraductal
pressure caused by the surgical opening of the duct frequently 1s sufficient to
relieve transitory spasm of the sphincter of Odds, a fact mamfested on subsequent
T-tube cholangiograms, The hypotonic sphincter of Oddi described by Mallet-
Guy has not been encountered in this senes

Drugs. Morphine pantepon, demerol, and drugs with simlar action probably
have the most profound effect on the tone of the sphincter of Oddi and conse-
quently on bile duct pressure (Fig. 14B). Morphine produces a marked increase
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in sphincter tone which persists for hours and does not appear to be counteracted
by combination with atropine or scopolamine in the usual dosage.

When morphine is used preoperatively in patients whose disease is limited to
the gallbladder, the initial pressure in the common duct 15 at the upper limit of
normal, approximately 16 to 18 em of water. If morphine is omitted, the initial
pressure 1s at the lower limit of normal, i.c., § to 10 cm. of water. Morphine, given

Fic 30A —AJ., a 33 year old white male with a four
3 ear huste
radiating substernally “The pan was worse for one mm?ﬂh[bu‘t5 :(r)}t’ :sfsssx\a:ed Eplghasmc See
The galibladder faled to sisualize by chol hy A ¢ T aath Jpmdice.
containing cileah was remaved An opert holangiogram with after sganblafd ;1;:
medium shows narrowing of the transduodenal o o hepatic
z u Er:;\n:egsmenk with visuahization of the man hepatic

as preoperative medication to patients with bil i
Sphinct.er tone, with the result ﬂI:at the patientbr::;r);r:lx)\lgl;:c:}ll?; l::: 258 he
%omplammg of biliary colic. Barbiturates, on the other hand, suih mg}joom
arbital and pentobarbital, do not affect the tone of the s hinct, BS. D ponos
Doubilet and Colp reported marked i in sphi 4 o ‘a pprecnably..
the instillation of 0.9 per cent hydrochloric acid m :he vicinirty of the ;22"31}vm%
illa o
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Vater by means of a duodenal tube. They noted rises from an imtial pressure of 16
cm. to 26 cm. of water.

The most effective antispasmodic drugs used to decrease the tone of the
sphincter of Oddi include the nitrites, atropine, and papaverine. Since the ma-
jority of cases in the present series have been operated on under general anes-
thesia, medications have been gien intravenously. Aminophylline decreases
common duct pressure somewhat with a maximum effect in approaimately 12
minutes. An extensive study of this drug has not been made because of the
prolonging of the operation necessitated by this delayed response.

Fic. 30B —An operatine Lhohngl:gram after the third injection (total 15 <c.), showing per-

sistent narrowing of the transduodenal segment and filling of the fine wtrahepatic radscles.
The common duct pressure was 35 cm, of water.

Anesthesia. After all ce for the preoperative use of morphine, no constant
change in duct p can be attributed to the anesthetic agent. The
anesthetic used in the majonty of cases has been intratracheal mtrous oxide,
oxygen, or ether. Recently, this has been supplemented by curare. 5pmnal an-
esthetics as well as Jocal blocks have been used in a number of instances, a few
supplemented by ntravenous sodium pentothal, Mallet-Guy stated that sodium
pentothal is not a factory anesthetic L in dogs it causes a rapid and
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marked drop in biliary pressure. In our experience with humans, this has not
been observed, in spite of doses up to 2.5 gm. of the drug.

Spasm Following Exploration. Mechanical trauma to the common duct and
the sphincter of Oddi incurred during instrumental removal of an impacted
stone provokes severe and prolonged spasm of the sphincter {Fig. 32). No
opaque medm passes into the duodenum, and the pressure rises abruptly,
limited only by cessation of the injection. Whenever it is possible to remove

Fic 81 —H ], a 54 year old white male with a history of cholecystostom

iously for acute cholecyshitis associated with obshutt:\%’e jaundn,ey Indlges{lo!r]:r::n?;::g: I:)l;t

operatively without weight Joss The galibladder falled to visualize on the cholec: 'slol:'

A chromically thickened gallbladder contamnng small stones and mud was excised, an)d s]gma;'n

matertal was removed from the common duct. An operative cholangiogram with manom l(ar

shows a small stone m the terminal common duct with filing of fine hiliary radicles eThry
common duct pressure was 54 cm of water o e

caleuli from the common duct without instrumentation, the contrast medium
enters the duodenum freely, and the pressure rise in the common duct approxi
mates that recorded in patients whose disease is limited to the oallbladdegp

g 3

CorrELATION OF COMMON DucT PRESSURE WITH ROENTGENOGRAN

There is a striking correlation between the cholangiogram and the simul
taneously recorded commen duct pressure. When the common duct 1s capabl ;
little change mn diameter, any increase in mtraductal pressure is ﬂbvxcuspcho;’ N

an-
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grographically by the estensive filling, and, at times, dilatation of the mtraliepatic
bihary radicles. If the pressure reaches 50 to 60 cm of water, this fillng appears
to extend almost to the capsule of the liver. As the pressure nises, dilatation of
the bile ducts or pancreatic duct approaches a maximum (Figs. 8, 11, 29, and 31)

On a number of occasions, only the distal tip of the pancreatic duct had been
visuahzed with pressures up to 20 cm. of water. At the third or occasionally at a

Fic 82-GB, a 29 year old white male with a three year hastory of postprandial epsgastne

distress actnated by greasy foods No history of jaundice The cholceystogram fatled to show

a gallbladder shadow. A T-tube operatnve cholangiogram shows the common duct clear after
wnstrumental removal of three calcull Note the marked spasm of the sphincter of Oddi

(Surg, Gynec & Obst, 87.299, 1948 )

fourth wjection of the senies, the pressure rose to 40 or 50 cm of water, with the
simultancous visualization of a long segment of pancreatic duct (Fig 19B). A
llapse i the r of a sph or spl hike mechanism protecting
the pancreatic duct from reflux might explain this observation.
A sinular though somewhat rater observation has been made with major intra-
hepatic bilary radicles The mtrahepatic portion of the bile ducts may seem to
be well filled, when suddenly on the third injection, a completely filled, new
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biliary radicle is seen (Fig. 6A). This might be accounted for by the relaxation
of a sphincter about the mouth of the major biliary radicle,

POSTOPERATIVE CHOLANGIOGRAPHY AND MANOMETRY

Postoperative cholangiography was used for the first time in 1926 by Saralegui.
Since then this method has been used to prove the patency of the common bile
duct and the absence of calculi iu it, before removal of the T-tube. Secondary
aperations for the correction of persistent iliary fistulac or for jaundice which
has recurred following the closure of such fstulas arc infinitely more difficult
without a guide to the common duct which may be lost in a maze of inflammatory
adhesions.

Postoperative manametry was described originally in 1937 by Doubilet and
Colp. It has been employed with cholangiography since 1941 by Caroli, Used
together, they have provided a method of determining the status of the trans-
duodenal segment of the common duct and the effect of drugs upon it.

TecnNic

Postoperative cholangiography and manometry are best performed in the
roentgen ray department, where advantage may be taken of fluoroscopy and
spot films. For companison of the results with those obtained by operative
cholangiography, 1t is well to keep the two technics as simlar as possible.

The same iderations which mil d the choice of media for operative
cholangiography apply equally well for postoperative cholangiography. Anesthesia
and preoperative medication are not factors m this examination. Owmng to the
absence of the action of morphme, the tone of the sphincter of 0dd: is not
increased.

The contrast medium is best injected through a double lumen T-tube. One
lumen of the tube 1s relatively small and eatends along the arm of the T which
is placed 1n the distal end of the common duct. It serves for measuring pressures
without the error mtroduced by the flow of the perfusing solution. It also serves as
2 vent for the evacuation of air bubbles when saline is injected through the large
lumen prior to cholangiography When a solution such as ether is used in an
effort to dissolve retained calcull, its mstillation is facilitated and rendered
painless by a slow mjection through the small lumen of the tube, allowing the
larger lumen to remam open for the escape of vapor and waste solution without
an increase in bile duct pressure

Rotation of the patient about 10° to the night is done for the same reason as in
the operative procedure. A spinal manometer for recording pressures is con-
nected to the small lumen of the T-tube, and the zero point 1s placed at the
estimated level of the common duct. After air bubbles have been expelled, 70
per cent diodrast or 75 per cent neo-jopax warmed to 98° F, 15 injected into,the
large lumen of the T-tube. The length of time required for
bya stopwatch.

Three injections of medium, each of § cc., are

control, with pressures recorded at the beginning a
Films are taken duning and after each mjection, In

he injection is recorded

made under fuoroscopic
nd end of each injection.
addition to the usual films,
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an emptying film is taken after 15 minutes to determne if there 15 any delay
in the evacuation of the contrast medium.

Errect oF Drucs

The action of various drugs on the common duct can be tested most adequately

y P ive cholangiography and ry. In spite of this, there is
considerable disagreement among, various authors concerning the normal common
duct pressure and the effect of different drugs on this pressure. Doubalet and Colp
found a rise in duct p in | from an initial pressure of
16.5 cm. to 37 cm. of water following the injection of % grain of morphine. Some
effect was sull apparent after four hours. Schuberth and Sjogren reported that
morphine had no effect on the “ampulla” or on the passage of bile mto the
duodenum. Butsch, McGowan, and Walters, on the other hand, studying bile
duct pressures through T-tubes in postcholecystectomy patients, found rises of
35 cm, of water following injection of ' grain of morphine. Cholangiograms
taken simultaneously showed spasm of the sphincter of Oddi. We have found
similar and even greater nises n bile duct pressure following the administration
of morphine in patients with dysfunction of the sphincter. In patients with
normal biliary tracts, eacept for a diseased gallbladder, however, the only effect
of morphine was to raise the itial pressure from the range of 8 to 12 cm. of
water to that of 15 to 19 cm. of water. As long as the opaque medium was injected
slowly, the pressure rarely rose more than a few centimeters during the injection
and rapidly returned to the imtial pressure.

Doubilet and Colp stated that atropine mn %5 grain doses diminishes the 1r-
ritability of the sphineter to such agents as 0.9 per cent HC! but does not Jower
its tone. Caroli was of the opinion that such a dosage of atropine was one of the
best agents for dilatation of the choledochoduodenal junction. Certainly it appears
unable to counteract the mereased tone produced by morphine given in con-
junction with it.

Of the various mtntes used, amyl nitrite seems capable of giving the most
rapid and profound drop in common duct pressure. According to Caroly, this
occurs within two munutes. Nitroglycerine gnes a more transitory and less
certain response. Aminophylline is fairly effective, and its action is more pro-
longed than either of the others. It may require 12 to 15 minutes to attain its
manximal effect, even when given intravenously.

The cffect of papavenme 1s controversial. Doubilet and Colp found 1t to be of no
effect, even when given i doses of 64 mg. Essenstemn, on the other hand, found
it to be the most effectine drug for relaxing the sphincter of Oddi in dogs and
for allowing the passage of calculi which had been introduced experimentaily
into the common duct. When given mtravenously in small doses to postcholecys-
tectomy patients, it seems to have little if any effect on the transitory spasm
of the sphincter.

Fesrice Reactions FoLLowing PostoreRaTivE CHOLANGIOGRAPHY

Occasionally, following postop ive cholangi g A“ , there is an'ele\'atéun
of the patient’s temperature, with or without a chill. Not infrequently, this reaction
is attnbuted to diodrast or other contrast media. The temperature rise does not
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occur immediately, however, but about 24 hours later, Culture of the common
duct bile almost invariably 1eveals a mild cholangtis associated with infected
bile as the source of the fever, Martensson reported several cases of cholangitis
due to infected bile forced into the biliay tree. Even if the culture of the bile
at operation shows 1o growth, it is advisable to culture the bile again before
doing postoperative cholangiogiaphy and pressure studies.

Another common belief is that diodrast or neo-fopax causes pain occasionally
when used for postoperative cholangiograpby while lipiodol does not. In all
probabulity, the factor producing pain is a sphincter spasm brought on by ex-
cessively rapid injection of the medium. Lipiodol, being more viscous, is, of
necessity, injected more slowly. With a hyperirritable sphincter, an injection rate
which is slow for the ordinary patient may be fast enough to produce spasm.

PRESSURE FLOW STUDIES

Pressure flow studies, performed through the T-tube during the postoperative
period, are probably the most useful method of determining the return of the
biliary system to relatively normal physiology (Deucher and Partington). These
studies are comparatively easy when performed through a double lumen T-tube;
but even with such a tube, it 1s sometimes difficult to maintain a constant intra-
biliary pressure.

PrEssune TOLERANCE WITHOUT PAIN

The intrabiliary pressure which can be mamtained without pain to the patient
is known as the “pressure tolerance ” It is determined by allowing sterile saline
at body temperature to flow wto the large lumen of the T-tube as rapidly as
necessary to raise the biliary duct pressure, measured through the small lumen,
to the point where the patient first feels pain. A pressure just below this point
which can be tolerated by the patient without pain is called the “pressure toler-
ance.” It is fairly constant for individual patients and does not change markedly
with changes in the functional state of the bile ducts There is marked variation
in pressure tolerance among individuals, however, and even in the same individual
with changes 1n the temperature of the perfusion fiud. If the transduodenal
segment 1s widely patent, 1t may be impossible to determine the “pressure toler-
ance” because the saline enters the duodenum too rapidly to permut a sufficient
nse 1n biliary duct pressure to produce pain.

PERFUSION TinE

A more valuable test of the functional state of the biliary duct system is the
determination of the “perfusion time” which is the time required for 100 cc, of
saline at body temperature to enter the common duct through the T-tube at a
given pressure. A water pressure of 20 em. has been chosen arhitranly for the
current studies, as this 15 below the pressure tolerance of most bile ducts and
yet is high enough to render the perfusion time relatively short. Even when
the saline reservoir has a large capaaity, there may be fairly well marked fluctu:
tions in the bile duct pressure, usually necessitating several adjust o

B ments dyrin.
the determination of the perfusion time. Companison of severa] determina:ioxé
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of the perfusion ime made 10 the postaperative period gives a valuable index of
functional improvement of the duct system. It serves as a most useful adjunct to
postoperative cholangiography in determming when to remove the T-tube,

ALLEGED DISADVANTAGES AND RISKS OF CHOLANGIOGRAPHY
ALLEGED DISADVANTACES

Crticisms and objections to cholangiography have been directed for the most
part toward operative cholangiography. One of the main criticisms of operative
cholangiography is that it prolongs the operation. When performed as a routine
by personnel familiar with their respective duties, however, the maximal time
required for this procedure should be no longer than 10 to 15 minutes, If
manometry 15 combined with cholangiography, the elapsed time approaimates
20 minutes In the majonity of instances, this time 1s not entirely lost. Unless
further procedure must await the result of cholangiography, the surgeon can
usually proceed with the indicated surgery. The additional 20 minutes 15 more
than compensated for if, otherwise, the required information could have been
obtained in no other manner than by a needless common duct exploration.

At times, confronted by a normal operative cholangiogram of a patient with
none of the criteria for common duct eaploration, the surgeon is inclined to
wonder if the information obtamed has been worth the time and effort. The dis-
covery of a caleulus in the ampulla of Vater or of a narrowing of the transduodenal
segment in just such a case helps to justify the procedure and emphasizes the
falhbility of commonly accepted criteria.

Farly m any individual series of cases, an artefact or mivinterpretation may
lead to unnecessary eaploration of the common duct or re-exploration 1if the ex-
ammation has been performed through the T-tube. In most instances, air bubbles
are the source of error. With increased experience and rigid precautions to heep
air out of the mjection tubing, this error can be reduced to a mmimum.

Avrecep Risks

The alleged nsk d with cholangiography has not been considered
sigmficant by those mvestigators who have used it most extensively. In 1945,
Minzzi reported its use m 1500 cases without compheation, in spite of having
employed it m all cases of suppurating angiocholitis.

Martensson, on the other hand, stated that m 1944 Odelberg reported 2 fatal
cases of cholangitis with liver al developing i ly after operative
cholangiography m which jodairal forte had been used as the contrast medum.
Martensson reported 2 of hus own cases of ascending cholangitis and death after
two and one half and five months, respectively, following operative cholangog-
raphy with jodaural forte as the contrast medium. In his opinion, the choice of
medium might have been responsible, He emphasized the mmportance of E coh
in the bile taken from the cystic duct and recommended that a dnect smear be
examined during the operation, to allow the of T-tube drainage in
infected cases.

No case of ascending chalangtis has been observed m our scries, although,
because of this possibility, cholangiography was omitted m one case with a
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cholecystoculic fistula. In 2 instances, the common duct was explored in spite of
a normal cholangiogram because of an abnormally high pressure recorded during
simultancous manometey. In both cases, cultures of the common duct bile were
positive for E. coli and Acrobacter acrogencs. T-tube drainage may have con-
tnbuted to the uneventful convalescence of both patients.

Instances of severe biliary colic have been reported during postoperative
cholangiography. The respective media employed have been blamed for this
although they prabably took no part m the production of pain. If the medium,
warmed to body temperature, 1s injected slowly under manometric control, pain
occurs only when the pressure tolerance 1s exceeded.

ADVANTAGES OF CHOLANGIOGRAPHY

Many advantages attend the routine use of both operative and postoperative
cholangiography. Important and relevant information is made available which
could not be obtained in any other way. The advantages associated with opera-
tive cholangiography apply principally to the planning and execution of the
necessary surgery. The advantages associated with postoperative cholangiography
apply to the postoperative management of patients with drainage of the com-
mon duct.

One of the chicf advantages of operative cholangiography is that it permits
an immediate evaluation of the anatomy and pathology of the biliary tract. With
the information gained from this exanunation, a proper operative procedure, *
limited to the strictly necessary surgery, can be established Operative cholangi-
ography 1s particularly important during secondary operations when the normal
anatomic relationships are distorted by previous surgery and adhesions. Mirizzi
desenibed ats value in pseudotumoral cholehthiasis with the entire hepatic space
blocked by adherent organs and only the tip of the gallbladder available for
injection of the contrast medium

Operatve cholangiography permits the recogmtion of calenh anywhere in
the biliary tract Their detection is not dependent on an wmstrumental search
which may not disclose all of the caleul present, especially those in the hepatic
radicles beyond the reach of instruments. Operative cholangiography through
a T-tube is mvaluable as a final assurance that all calculi have been removed.
When no calculi are present, in spite of jaundice or a dilated duct, the unnecessary
trauma of a common duct exploration may be avoided. This 15 of considerable
importance with poor surgical risk patients or with cases of acute cholecystitis
m which exploration 1s difficult because of hemorrhage and edema.

Noncalculous obstruction of the common duct, such as narrowing of the trans-
duodenal segment from any one of the many possible causes and narrowing of
the pancreatic segment because of pancreatitis, may also be recognized b:
cholangiography These conditions cannot be see felf o f

v s n or felt at operation and,
without cholangiography, are ouly inferred. When the common duct is narrowed

and angulated, 1t may be impossible to msert an instrument through 1t mto the
duodenum, If cholangiography is not used, the surgeon remams unaware of the

true status of the duct and may cause consider: i
able dam .
the exploration, Y age if he persists in
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Incomplete obstruction of the common duct due to pancreatitis, especially if
calculi are present, is an indication for some type of short circuiting operation
utilizing anastomosis of the biliary tract to the intestine. This is facilitated if the
need for such a procedure is fully appreciated before the gallbladder is removed.

A relatively plete occlusion of the duct d with obstruc-
tive jaundice and a mass in the head of the pancreas may represent carcmoma
of the pancreas. By use of chol phy, such a may be d 1-
ated from a stone impacted in the ampulla of Vater surrounded by an area of
pancreatitis. It may be impossible, otherwise, to make the correct diagnosis even
at surgical exploration.

Neoplasms of the intrahepatic ducts likewise may be overlooked during surgery
Smce the gallbladder and bile ducts are small, the surgeon usually concludes that
he has explored a case of hepatitis by mistake. While a cure usually is impossible,
palliative hepatostomy, as described by Mirizzi, is sometimes worth while. If 2
patient with hepatitis is eaplored because of the impossibikty of ruling out ob-
structi e jaundice on clinical evidence, the operation may be terminated promptly
with less risk when a normal biliary system is d ated by cholangiography.

Following common duct injury and stenosis, it is sometimes extremely difficult
to locate the proaimal limb of the bile duct which may be buried in inflammatory
adhesions, In such cases, Mirizzi used preliminary hepatic puncture and cholan-
gmgraph) with success.

T ive ck phy provides a rational method for the management
of patients with common duct drainage. The rare residual calculus is discor ered,
and efforts to remove it can be obsened Obstruction of the common duct by
pancreatitis or any of the various types of narrowing of the transduodenal seg-
ment can be evaluated, and the appropriate time for removal of the T-tube or
further surgical procedure may be chosen. The effect of antispasmodic drugs on
common duct obstruction can be tested and the most effective one selected,
thereby shortening the drainage period.

Thus cholangiography provides specific accurate mformation essential to goed
results in biliary surgery. Uncertamnty and inference are replaced by planning
and logie in the choice of operative procedures, with benefit to all concerned.
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Regional Enteritis
LELAND S. McKITTRICK, M.D. AND THOMAS S. RISLEY, M.D.

INTRODUCTION

NFLAMMATORY LESIONS of the small bowel have been encountered I?y surgeons
| for many years. For want of better classification they are ‘usua]ly diagnosed as
“granuloma” or “tuberculosis.” However, in 1932, Crohn, Ginzberg, al.‘ld Qppen-
heimer described 14 cases of inflammatory discase imvolving the terminal ileum.
Thirteen of the cases had resections, and the specimens were studied patho-
logically. Since no definite evidence of tube'rcul”osis“\v:l.s found, th.e); were
designated as a separate entity and called “terminal” or regional ententis.” Since
that time, the disease has been found to involve other parts of the small bowel
and even the large bowel. Many other cases have been recognized and reported,
and the more inclusive term, “regional enteritis,” is more generally used today.

ETIOLOGY

The etiology is unknown. Various theories as to bacterial, virus, or vascular
ongin have been advanced but without proof. It has not been possible to
reproduce the disease in animals, The similarity to tuberculosis and sarcoid is
suggestive only, and tubercle bacilli have never been recovered from the lesions,

INCIDENCE

The incidence, too, 1s not accurately known. The number of cases reported has
appeared to increase each year, but this has been attnbuted to more widespread
recognition of the disease. It is, however, a relatiy ely rare condition. For instance.
at the Massachusetts General Hospatal, for the 10 year period from 1938 to 1948,
the diagnosis was made in only 63 patients,

AGE

Regional ententis is fargely a disease of

young adults. The highest mcidence
in our series was in the third decade, but th

€ range was from 12 to 71 years.
Sex
Reports seem to conflict. Although most series re

distribution between male and female would seem
in our series there were 23 males and 42 females,
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ported are not large, the
to be about equal. Howeser,
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which leads one to suspect the true nature of the obstruction and the diagnosis
may be made only at laparotomy.

The diarrheal or colitis-lihe group comprises the greatest number of cases
(42 per cent in our gioup). The history almost always mentions abdominal
cramps (86 per cent of our cases) and usually weight loss and fever. Stools may
be soft or watery, and there may be up to 15 or 20 per day. Blood was noted
by the patient in 46 per cent of our cases, contrary to the usual idea that the
diarrhea 1s nonbloody. However, positive guaiacs were found in only 25 per cent
of the cases examined. The presence of uleerations jn most of the resected
specimens leads one to beheve that melena is more common than is usually
appreciated. A history of rectal fissures, fistulas, and abscesses is not uncommon.
Temperature and local tenderness are usually found. A mass may be present,
Laboratory studies reseal anemia and leuhocytosis in about half of the cases.

ROENTGENOGRAPHIC EXAMINATION

Both large and small bowel should be studied. It is fortunate that the barium
enema is so often positive (52 per cent in our series) for it may be the only
roentgenogram ordered in patients with diarrhea Frequently involvement of the
terminal sleum 15 demonstrated by the reflux of barum into this segment of

Fic L—Roentgenogram of the small mtestine 1n a ca;
o a case of regional entent -
sign” and dilated bowel proamal to the narrowed pngmon (e ::1 e:llulss,c;sh:wll):lgog: ;} strng
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Race

The reported predilection for people of Jewish extraction may be moie apparent
than real, because many of the reports come from hospitals where a high propor-
tion of Jewish patients is seen.

TEMPERAMENT

In more than 80 per cent of our cases there was a statement to the effect that
the patient was “nervous” or “high strung,” Whether this is a cause or effect
may be open to some question, but one might put a lugher mcidence among
the more excitable mdividuals

PATHOLOGY

Grossly the lved bowel is thick 1, ed ous, and rigd (Fig. 8), It
may be dilated or stenotic The surface may be reddened, covered with petechial
hemorrhages or with fibun The mesentery 1s greatly thickened and edematous
The edema of the fat makes the bowel appear to sink into the mesentery. The
regtonal lymph nodes are almost invartably enlarged and succulent. The mucosa
may show ulcerations and pseudopolyps, accounting for the melena which may
occur The ulcers may perforate esther into the pentoneal cavity or mto a hollow
viscus, such as another loop of bowel or the bladder. The eatent of the inflamma-
tion usually causes adherence of swrounding structures prior to the perforation
so that spreading peritomtis 15 rare, and a local abscess 15 more likely to result.
Matted bowel about an abscess accounts for many of the palpable masscs. 1f
there 1s a recent abdominal incision, the abscess may dissect thiough 1t and form
a fecal fistula

The microscopic picture 1s that of a granuloma with chronic inflammatory cells,
epithelioid cells, giant cells, and fibroplasia

CLINICAL PICTURE

The disease usually manifests itself by presenting one of four clinical pictures
which vary according to the stage of the disease It may simulate an acute
surgical abdomen, intestmal obstruction, ulcerative colitis, or present intestinal
fstulas. There are other patients who have no symptoms, in which case the
diagnosts is made mcidentally by roentgen ray or at operation. One of our cases
bad no symptoms or signs other than massive rectal bleeding.

The acute form (23 per cent of our group) is most often confused with acute
appendicitis, It may be indistiguishable so that lap cannot be avoided,
but usually one finds that the tempo 15 slower and it 1s less fulmmating than
appendicitis The onset is more msidious, and the duration of symptoms is
longer, but the temperature may be Iugher. It should be suspected if a mass 1s
palpable sooner than one would expect to find 3t m appendicitis Muscle spasim
and signs of pentoneal irntation were conspicuously absent m our series

The obstructed group (15 per cent of our cases) presents the picture of sub-
acute, rarely complete, ntestinal obstruction with or without antecedent history
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On the other haud, if at operation regional enteritis is encountered instead
of acute appendicitis, the question of what to do must largely depend on the
severity and extent of local fndings. The enbire smail bowel from the ligament
of Treitz to the cccum must be searched for “skip areas.” Most surgeons are in
agreement that, if the fudings are mild and not too extensive, vothing should be
doue because of the favorable incidence of spontancous cure in the mild cases.

If the decision is made to leave the discased bowel alone, should the appendix
be removed? We are not sure of the correct answer. Obviously, if the nppcndix
ar eccam is insolved in the inflammatary reachion it should not be disturbed.

¥ic 2 _Roentgenogram showing multiple fistulas between the termial ileum and the cecusn
n a case of regional ententis,

(Couttesy of Dr § F Marshall, Lahey Clime, Boston )

1f the diseased area 15 some distance from the appendis, appendectomy alone
should not increase the risk of the Iaparotomy. Thus, in the cases reviewed by
us there were 13 in which appendectomy was done i the presence of region:;l
ententis without subsequent fistula formation. On the other hand, 5 cases seen
for fistulas had had appendectomies done at outside hospitals, When one con-
siders that the fistulas do not come from the appendicial stump but rather from
a 100.1) of fleum, one realizes that it is not so much the appendectomy as it is th

making of an abdominal meision and local manipulation which created h
for and possibly stmulated fistula formation. @ path

e exact status of elective surgery in the management of this condition is
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small bowel A motor meal will usually give the diagnosis, but not always, Since
it failed to show disease in 82 per cent of our cases which were later operated
on, 1t should not be relied upon eclusively.

The characteristic 10entgenographic changes have been descubed by Kantor,
the best known of which 1s the “string sign” or a diffuse filling defect of the
bowel so that the barium appears as a picce of string (Fig. 1). Dilated bowel
above, the conical shape of the barium shadow, and occasionally ileal stasis are
other signs suggesting the presence of regional enteritis.

Any part of the gastro-intestmmal tract from the duodenum down may be in-
volved (Table I). All of our 60 operated cases had involvement of the small
intestine. The entire small bowel was involved in 4 cases, the jejunum alone
in 4 cases, the cecum in 22 cases, ascending colon m 2 cases, transverse colon
and splenic flexure in 1 case, and sigmoxd in 8 cases. In addition, 4 cases were
later diagnosed as ulcerative colitis and required ileostomy.

TABLE I
OreraTIVE FInDInGS 1N 60 Casks

Small Bowel Incoltement—60

Entire . . 4
Teum . .86
Jepunum 4

Large Bowel Involuement

12

€0 b e 19 13

Cecum . .
Ascending colon’
Transverse colon .
Splenic_flevure
Sigmord

Fistula formation represents a late stage of the disease and almost always
follows previous operations. However, one of our cases developed a spontaneous
fistula to the abdominal wall without ever having been operated on. The fistulas
may go to the abdominal wall, another loop of small bowel, the large bowel, or
the bladder. Roentgen examinations are of great value in studying the course and
origin of the tracts (Fig. 2).

TREATMENT

There is no known speafic treatment for this disease. Surgical exciston of the
mvolved segment has so frequently failed to control the disease that it is no
longer considered to be the treatment of choice except for specific mdications

Mecdical treatment, while pecifie, permits sy healing to occur as
1t did in 6 of our patients for whom only exploratory laparotomy and appendec-
tomy were done and who are now apparently well, There is no evidence that
any of the antibiotics are of value.

Operations are usually done n the acute phase because acute appendicms
cannot be excluded, not because the acute phase of regional ententis is an ndica-
tion for operanun If the diagnosis can be made with certainty and acute ap-

dicatis is excl 15 not ind d. A cure may
result and, if not, d\e compllcnhons may be treated if and when they arise.
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When the discase is localized to a single area of bowel and when all disease
including the enlarged nodes can be safely removed in a single definitive pro-
cedure, excision is probably the treatment of choice.

Discase in the tleocecal region lends itself well to a defunctioning ileotransyerse
colostomy. This operation is defimtely mdicated in the presence of an acute or
chronic inﬂ.mmmh)ry process with local abscess or fistula formation, when there
is marked lymphatic imolvement of the mesenteric nodes or late obstruction in a
patient n poor general condition.

Fic. 3 _Photograph of a resected spectmen of the termmnal ileum and cecum showing the
thickening of the bowel wall and the narrowing of the lumen i the area between the two
hemostats

Vacorosmy

Our eaperience with vagotomy 15 inted to one case m which only the right
‘agus was sectioned. The patient had eatensive disease proved by laparotomy
and is somewhat improved although partially imcapacitated. Dennis et al. (1948)
teported 22 vagotomies in the treatment of ulcerative coliis Two of the 14
cases which improved also had regional ententis

COMPLICATIONS

Besides the abscesses and fistulas of the abdommal wall and the obstructions,
there 15 a lugh incidence of rectal fissures, Bstulas, and abscesses (17 per cent of
O'Ur cases), probably secondary to irmtation and chronic diarrhea. Proper absorp-
tion of proteins, fat, and fat-soluble vitamns may be interfered with patients
with extensive disease or in those who have had extensive resections or extensive
Sldelmcking procedures. Anemia, hypoprotememia, and hypocaleemia are en-
countered, and steatorrhea and tetany may result. The tetany may be severe and
may be controlled only by huge doses of vitamin D.
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not well established. Operation 1s clearly indicated for obstruction or fistula
formation

There 15 much uncertamty 1 the minds of many surgeons relative to the
comparative value of extirpation and mternal defunctioning of the affected part.
Increasing eaperience with this disease suggests that removal of the lesion 1s
not essential ta a good result, nor 1s there any assurance that if surgical removal
is carried out the patient will be cured of his discase. A decade aga most surgeons
1 this country beheved that surgical removal of the area of disease was indicated.
In 1939, 25 of 27 surgeons sent questionnaires by Miter favored rescction in
all but the very early cases. Mote recently there has been a defimite trend toward
the more liberal use of defunctioning operations Garlock and Crohn reported
only a 10.5 per cent recurrence and no mortality following sidetracking procedures
while there were 22 per cent 1ccurrences and 129 per cent mortality after re-
sections (Table I1). In our own series (Table 1II) there was little difference
between the two methods. At the present time, therefore, we do not advise an
clective removal of the diseased segment as a second stage if there has been a
satisfactory response to the defunctioning procedure,

TABLE II
ResuLTs OF TREATMENT IN Cases ReronTen 1N THE LITERATURE
Dejunctioming Operations Yot
Resection Opreations Spectfied

Xumber  Recurrence  Mortahly Recurrence Moriality Recurrence Mortality
of Cases  PorCemt Fes Cont Por Cent Per Cent Peg Cemt Per Cent

Sha}mo (lterature) . . 378 18 72 284 79
Garlock and Crohn
{literature and own) 164 27.9 141 138 0
Garlock and Crohn
{own cases) . 137 22 129 105 0
Koster . | B0 15 14 13 87
Gnzberg and Garlock 77 13 17 13 0
Dixon 43 10 89 36 29
Miller and Warren .43 85 12 0 60
Present scries P 65 33 13 37 16
Master . 278 20 14
Rhoads 123 92 88

TABLE IIT

ResuLts 0F TREATMENT IN 53 CASES AT TiE MAssaCiuseTTs Genesan Hoserran
Wi ABEQUATE Foriow-up

Peessstens Symploms Deaths
Type of Treaiment p\/ua‘b,(‘" Recovery I:sz :’::Z’;" Fiwy Hopiel  Later
Rasection
One stage 9 8 1 2
Two stages § 6 2
Secondary . . . . 7 1 1 2 2 1
Defunctioning, Operations
Complete AN 18 1 3 2 a2 1
Partial 1 1
Consenatine
No operation 5 2 2 1
Eaploratory (lap only) . 1 1
Appendectomy (ouly) . . 5 5
Vagotomy 1 1 _ _ ~
“Total ... 55 30 2 12 4 3 4+ 4=7
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Fuaily, the relation to ulcerative colitis is not clear. The frequent involvement
of the large how el is suggestive, A certain number of cases (4 in our series) which
have had carly diagnoses of regional ententis will later manifest findings con-
sistent with ulcerative colitis and may require ileostomy.
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MORTALITY

Tegonal enteritss is a serious disease and the mortality is Tagh {15 per cent m
our series). Death may be due to evtensive disease with inanition, to over-

vhelming sepsis from at and fistulas, or to peritomtis from a perforation
(Table IV). Amyloid disease may be found at necropsy. Postmortem examination
TABLE 1V
Cavuse oF Deaiis 18 10 Casgs oF RecioNaL ENTonimis
Estensive discase with manition . . . . .. 8

Includes cases with

Bladder fistula . .

Abdominal wall fistulas

Ulceratine cohtis and aniylowd dise e

? <ord tumor PR e
Pertonitis ( presumably from ruptured sigmoid)}

Overwhelming sepsis with multiple fistulas and abscesses . ...

e e e

in one of the cases dying of eatensive disease with inanition showed extensive
mflammation of the bowel from the terminal leum to the hepatic flevuie with
cicatrization and with fistulas to the abdominal wall and flank. Two of our deaths
oceurred early m the course of treatment, one of sepsis and one of rapidly
progressing inanition, but the majonty who died did so after a prolonged illness
and multiple operative procedures.

RESULTS OF TREATMENT

In considering 1esults of treatment one must try to distinguish between symp-
toms due to recurrent or residual disease and those due to a short functionng
bowel, such as patients who have had extensive resections for shangulation,
obstruction, oy mesenteric thrombosis sometimes show,

In general, the early, milder cases seem to do well under any form of treat-
ment but are probably best treated conservatively In the more advanced cases,
the recurrence rate and mortality rate are both disappomtingly high. Only 55
per cent of our cases were well at the time of this follow-up, 33 per cent had
evidence of recurrence, and 13 per cent had died (Table 111).

Failure to recognize “skip areas” or minimal areas of disease, failure to 1emove
or defunction all bowel drained by enlarged nodes, and the use of sidetrackmg
procedures 1n continuity have been suggested as possible techmeal reasons for
recurrence or persistence of symptoms Advocates of resection claim that re-
section eliminates the focus for further extension, but since many patients having
simple defunctioning procedures do well and others after removal of all gross
discase do badly, resection is probably not the answer to the prevention of
recurrence

Secondary procedwies all too frequently become necessary. In fact, the average
number of uperations in our series was three, and one patient had nme, Occa-
sionally a bnlliant result can be at d by a dary procedure, but more

ly the benefits ol d are hmited or temporary.
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chnical picture than that seen in almost any other condition, making it difficult
to distinguish that part of the patient’s condition which is due to the colitis itself
and those factors which are the result of the nutritional, electrolytic, and vitamin
depletion,

The writers are particularly impressed by certain aspects of the so-called small
bowel involsement, We have seen at least oue patient return to the hospital after
lleostomy with rapid weight loss and diarrhea associated with ulcerations readily
demonstrable in the terminal leum provimal to the ileostomy. He was completely
and immediately relieved by a plastic procedure relieving the obstruction at the
outlet of the ilcostomy. The darrhea promptly stopped, the ulcerations healed,
there was rapid gam in weight, and this patient has remained well for nine
years subsequent to that time Likewise, we are impressed with the fact that
rarely, if ever, have we scen the disease involve the ileum proximal to the ileos-
tomy in a paticut who, following the ileostomy, had a remission and a period
of complete relicf. It is expeniences of this type which lead us to suspect that
much of what we have previously called small bowel mvolvement by ulcerative
colitis represents nutritional and other changes along the gastro-intestinal tract
which are secondary to the discase m the colon rather than a part of it.

Important also mn the understanding of this disease is the recognition that the
periods of remission may last for months or even years We know of one patient
who after 12 years without symptoms had an acute and rapidly fatal exacerbation
of his coliis We have seen another patient desperately 1ll after childbirth with
a plete followmg il y who became and remained perfectly
well for a similar period, then had an acute fulminating exacerbation in the colon
necessitating urgent colectomy for relief. It 15 experiences such as these that
make the disease so unpredictable, treatment so difficult to evaluate, and decisions
so difficult to make.

PATHOLOGY

The carliest change which can be detected 1n ulcerative colitis 15 a diffuse
hyperema of the mucosa. Edema and granulanty of the mucosa then ensue so
that the shightest trauma causes bleeding In the next stage, ulcerations form and
undermining of the mucosa with bridging m between are characterstic lesions
of the disease and diagnostic when found Submucosal abscesses may result and
in advanced cases the entire mucosa may be destroyed Perforation of an ulcer
may occur The 1slands of mucosa mtervening between ulcerations may become
edematous and appear as pseudopolyps True polyps are occasionally found.
Grossly, the bowel becomes hose-like, thickened, and rigid In the usual surgical
specumen the bowel has been defunctioned by a previous ileostomy so that the
lumen is greatly decreased or even strictured or oblterated and the walls
thichened. The mesenteric lymph nodes are usually enlarged and inflamed.

MICIOS.CDPiCally, the picture is that of a nonspecific infection. The mucosa, 1f
present, is ed and d. The sul and possibly the muscul-:ns
are thickened and infiltrated with round cells and leukocytes, including eo: ;
plluls‘ The serosa may be thickened also Granulomas are usual,ly not pregsentS::]O(i
the condition duffers from regional ententis in that the lymphatics are not dilated.




Ulcerative Colitis
LELAND S. McKITTRICK, M.D. AND THOMAS S. RISLEY, M.D,

INTRODUCTION

oxspeciFic ulceratve cohtis may be defined as a diffuse, ulcerating lesion
N of the large bowel of unknown etiology. It may be acute and progressive
in nature, it may be chronic or recurrent. It 1s most commonly seen as a senes
of remissions and exacerbations

CLINICAL COURSE

The clinical manifestations are varied The acute fulmnating type may be
abrupt in onset and run a short, progressive, and fatal course. In other instances,
the onset is nsidious, the course prolongcd and either chronic or recurrent.
Exacerbations of the disease are frequently imtiated by an acute infection or an
emotional upset.

Emphasis has been placed on the importance of emotional factors on the
course of the disease One cannot but be impressed by the apparent emotional
instability of many of these patients, particularly when they are acutely 1ll We
have been even more impressed by the rapid and complete personality change
which so frequently occurs following ileostomy and relief from the suffering and
extreme debilitation of the disease. We believe, therefore, that ulcerative colitis,
as we see 1, is a serious organic condition, that its treatment 1s pimanly medical
and surgical, that m certam cases and on speaific indications the psychiatnst may
have a part m the over-all management of a given patient but that this part
of the treatment is of secondary, not primary, sigmfi For most | a
physician who understands the disease and the patient who has it, and who
appreciates the importance to these patients of a close patient-physician rela-
tionship will be best able to treat the emotional as well as the physical aspects
of the disease.

While ulcerative cohitis 1s most commonly seen i the left colon (the rectum
itself bemg mvolved n some 90 per cent of all cases), the tendency is toward
gradual involvement of the entire colon. Less ¢ ly a localized seg of
the large bowel may be mnvolved Eatension nto the small bowel 15 frequently
reported, and certamly ulcerations mvolving the small bowel, particularly the
termmal ileum, are not mfrequently seen in depleted patients with severe or
long-standing disease. Whether these ulcerations represent the same type of
lesion as the prunary process m the colon or whether they are more frequently
the results of nutritional, electrolytic, and vitamin deficiencies is open to q

The patient who is critically 1]l with ulcerative colitis presents a more complex
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culosis is usually part of a more advanced process and will be recognized as such.
Careful bacteriologic studies in an effort to exclude tuberculosis, bacillary dysen-
tery, and amebic dysentery are a routine part in the careful study necessary be-
fore the final diagnosis is accepted.

ROLNTGENOGIAPHIC EXAMINATION

“The diagnosis of advanced severe colitis is as a rule readily made by the
roentgenologist. The typical ‘lead pipe” appearance of the colon is well known
and needs no discussion. Certan pitfalls, however, occasionally lie in the way of
correct roentgen diagnosis, as, for example, when the outline of the descending
and sigmoid portions of a normal colon may be so smooth as to simulate the ‘lead
pipe’ appearance of colitis. The diagnosis of the occasional complicating carci-
noma may be overlooked in certain stances when 1t is confused with severe
mucosal swelling at the junction of normal and involved bowel or because of the
presence of fecal material. The necessity for proper preparation of the patient
for a barium enema is as important in ulcerative colitis as 1t is in other conditions.
The belief of some clinicians that the bowel 1s clean because of the diarrhea
accompanying the disease 15 erroncous It is essential that the patient with
colitis have the usual preparation for a barum enema. Neither proctoscopy nor
sigmoidoscopy should be performed with this preparation, however, since air is
always troduced mto the colon with the passage of the proctoscope, thus mak-
ing accurate roentgen examination impossible. Pseudopolyposis is a term to be
avoided: the so-called pseudopolyps may represent islands of swollen mucosa
between ulcers in the acute phase of colitis or the fibrous tabs of scar formation
in the chronic stage of the disease. The defect usually designated by this mis-
nomer can be confused with true polyposis

“The diagnosis of ulcerative colitis 1n the early phases 1s extremely difficult for
the radiologist; the clinical findings including proctoscopy and sigmoidoscopy are
of much greater mmportance 1n obtamng the correct diagnosis. There are certain
early roentgenologic signs which are suggestive of the incipient disease, how-
ever; careful search for them on the roentgenogram and increasing experience m
their recogmition may wmprove earlier diagnosis At best these signs are not easily
recognized, nor are they infallible They consist of (1) mucosal swelling, and
(2) the demonstration of multiple tmy ulcerations or serrations along the bowel
margin, Proper preparation of the patient 15 a primary requisite to good films;
good films are essential for correct nterpretation.

“The postevacuation film furmshes the only accurate information regarding the
m‘;cosal pattern Swelling of the mucosa 1s found in the early phase of ulcerative
colitis,

) “Ulcerations when small produce on the roentgenogram only very fine serra-
tions along the margins of the partially or completely filled colon. They may be
difficult to differentiate from retamned fecal matenal; the latter projects into the
lumen while the serrations project beyond it Nevertheless, this difference is not
easy to identify and frequently 1s impossible

“The roentgenologie findings of changes n the mucosal pattern and multiple
ﬁr.xe sermations projecting beyond the lumen of the colon should suggest the
diagnosis of idiopathic ulcerative cohts. It should be remembered, however, that
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DIAGNOSIS

The diagnosis of ulcerative colitis may be easy or may be eatremely difficult to
make. Final dlagnosxs depends on a careful history, the results of sigmoidoscopic
and rc inations, and the exclusion of other ulcerating lesions
of the Iarge bo\\el particularly tuberculosis, amebic dysentery, bacillary dysen-
tery, carcinoma, and regional enteritis,

History

£l

As already mentioned, this vanes tremendously. The acute fulminating type
may defy diagnosis by virtue of the acute onset, high fever, marked distention,
and prostration. The diarthea usuvally present may be severe to a point of incon-
tinence. It 1s usually bloody, but we have seen the eatensive destructive ulcera-
tion of the bowel with no gross blood in the stools and without diarrhea. Spon-
{aneous rectovaginal fistula i the female 1s probably usually caused by ulcerative
colitis

SIGMOIDOSCOPY

This 15 the most useful and helpful procedure, Changes m the rectal mucosa
will be present 1 from 90 to 95 per cent of all patients with ulcerative colitis.
The proctoscopic findings will vary tremendously We usually do the exammation
without any preparation of the patient. No effort is made to pass the sigmoido-
scope the full length unless nothing abnormal is seen w the rectum itself. The
mstrument should be passed with the greatest of care lest active bleeding be
precipitated or injury done to the sensitive mucosa. It should always be preceded
by digital examination which many times will give valuable information, reveal-
mg the thickened rectal wall and, in the more advanced cases, narrowing, stric-
ture, and nigidity.

The appearance of the mucous membrane will vary In less severe cases one
may see a nuld erythema, a httle edema, with a tendency to petechial hem-
orthages \vhen gently \vxped wuh a swab. In the more advanced cases the
mucous ly the valves instead of being sharp are

led, the mucous L is diffusely red, a bit g lar, and bleeds freely
even with gentle wipmg. The blood vessels, normally so readily vistble, disap-
pear, and with the more marked edema and swelling, the narrowing of the Jumen
of the bowel can be seen In the rare mstances when the lesion is mited to a
more proximal segment of the bowel, the rectal mucosa will appear normal,
although frequently bathed mn a sanguinopurulent discharge which has come down
from above. Ulcerations may or may not be noted. Of greatest lmportance 15 khn
fact that the process 1s diffuse rather than localized. The small, multi Yt
uvlcerations may or may not be 1dentified through the sigmoidescope. In some of
the more advanced cases, particularly with the larger ulcerations or areas of
destroyed mucous membrane, the denuded areas are readily noted, Multiple small
ulcerations seen in an otherwise normal appearing mucous membrane are much
more charactenishic of amebic dysentery than nonspecific ulcerative colitis. The
isolated ulcerations occasionally seen wiich are due to tuberculosis will not be
confused with ulcerative colitis, The diffuse type of colitis associated with tuber-
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Because this concept of the treatment of this disease is in the experimental
stage, we shall only refer to it at this time.

The one form of treatment which has been proved and is accepted at the
present time is complete diversion of the fecal stream from the diseased segment
of bowel by provimal exteriorization and division of the bowel, In most instances,
and for all practical purposes, this means an ileostomy. There is the occasional
left-sided lesion which is clearly localized to the left side where some favor a
provmal transverse colostomy, We do not support this contention but favor an
ilecstomy as being more certain and little, if any, more troublesome.

In a selected group of patients, Ravitch has advised pulling the distal ileum
through the sphincter in certam cases m which removal of both colon and rectum
are indicated, We have had no personal experience with this procedure.

INDICATIONS FOR ILEOSTOMY

The decision to do an ileostomy on a given patient with ulcerative colitis may
be one of the most difficult decisions in surgery. To decide when medical treat-
ment is failing and when a continuation of such treatment will seriously jeopard-
ize the life of the patient 1s at times extremely diffcult. Too frequently the
tendency in seriously 1ll patients is to postpone decision to do an tleostomy from
day to day because of some favorable sign either on the chart, in the laboratory
findings, or in the chnical picture, until finally the decision has been postponed
too long and ileostomy will no longer prevent a fatal termination In acutely il
patients where response to medical treatment 1s unsatisfactory and where ileos-
tomy seems ndicated as a lifesaving procedure, it is our custom to plan intensive
treatment for a given period of time, say one week, with the understanding that
at the end of that time ileostomy is to be carried out unless there is distinet im-
provement n the condition of the patient. If, at the end of that week’s time, there
is not dustinet mprovement, Heostomy will be done. If, on the other hand, there
15 sufficient 1mprovement to warrant the continuation of medical treatment, a
program is again blocked off for a shorter peniod of time after which a re-evalua-
tion is made with the understanding that definite progressive improvement must
be mamfest if operation 15 to be postponed longer The medical indications for
lleostomy should be definite, and the operation must be understood by and
acceptable to the patient. Not only must the disease be controlled, but the pa-
tient must be grateful for the health which has been regained. We feel strongly
that until the patient recognizes the need for the help which 1leostomy offers and
has a real incentive to live, ileostomy may be inadvisable even though the medical
ndications seem clear.

In general, 1leostomy 15 mdicated for the following conditions: (1) fadure of
medical treatment, (2) massive hemorrhage, (3) pseudopolyposis, and (4) stric-
ture or local perforation

Fawvne or MevicaL TREATMENT

The most difficult decisions to make are in those patients with the acute ful.
mmating type of the disease. In general, few of these patients have been saved
by teostomy. Intensive treatment aggressively carned out is often successful. But
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these changes may be duplicated by diffuse tuberculosis, diffuse amebiasis, and
occasionally typhoid fever” ( Robbuns).

Occasionally one finds dificulty i distmguishing between carcmoma and ul-
cerative colitis, In general, howeser, 1f sigmoidoscopic examination reveals nor-
mal mucous membrane m the lower 10 mches of the bowel, careful roentgeno-
graphic studies of the bowel above that level will permit accurate mterpretation
of the symptoms

Regional ententis will from time to time be confused chnically with the seg-
mental form of ulceratve colitis Careful roentgenographic studies of the large
and small bowel will usually distingmish between the two,

PRINCIPLES OF SURGICAL TREATMENT

It should be emphasized that basically the treatment of ulcerative colitis 1s
medical Surgical treatment is reserved for those patients who, for one or another
reason, have not responded to the medical 1egmen In considering surgery n the
treatment of this disease, 1t 1s most important that one shall have a defimite ob-
jective . mund. If one’s objective 1n the management of ulcerative colitis 1s to
control the disease at a level which permuts only a restricted eustence and
m many mstances a hfe of ser-mvalidism, the attitude toward surgery will
be quite different from what 1t will be if one’s objective is to restore the
mdividual to a state of relatively normal health and a more nearly normal
existence.

We believe that the child with ulcerative colitis should live a relatively normal
Iife, should develop m a normal way, and should take part m most of the usual

N o N
physically able to carry on a reasonably sound economic existence Once an
1leostomy has been done, it is the obhgation of the surgeon to carry through with
whatever subsequent surgical procedures are necessary n order to reach this
objective

With the above objectives m mind, the operations of primary importance in the
management of ulcerative colitis are: (1) ileostomy, (2) subtotal colectomy, and
(8) proctectomy Dennis has suggested transthoracie vagus resection as a possi-
ble mechanism of treating the disease He has carried out this procedure on 42
cases His present attitude toward this mechanism of treatment may be summai-
1zed as follows

“The group here is melmed to feel still that this procedwe has not been proved
to be the proper one to employ, and we are employmng it, therefore, for the sole
purpose of trying to evaluate it critreally and impartially in order to learn whether
1t should be recommended for this type of disease. It seems to me that this 15 the
only sensible course to take because of the immense amount of harm which would
result 1f 1t were to be recommended for widespread use without careful and critical
evaluation of the results over an extended period of years It 1s only m the ful-
mnatmg cases, it seems to me, that one can be a httle more positive about recom-
mending the procedure.”



ULCERATIVE COLITIS 165
INDICATIONS FOR COLECTOMY

Following ileostomy a patient will usually follow one of the following four
courses: (1) There may be a prompt and complete disappearance of all signs and
symptoms and the patient becomes and remains well indefimtely. (2) The initial
response may be completely satisfactory for mouths or years but at some later
time there is a reactivation of disease in the colon. (3) A few patients are helped
but the relief from the disease is incomplete. They are better but not well. (4)
Finally there is a small group which shows no apparent benefit from the
fleostomy. Such patients usually have the acute fulminating type of disease which
goes on to a fatal termination or belong to the group with massive hemorrhage
for whom further aggressive surgery is mdicated.

If the objective of the surgical treatment of ulcerative colitis is complete
physiologic or anatomic elimination of the disease, the dications for colectomy
are relatively clear. They may be grouped under the following headings:

As A LIFESAVING PROCEDURE

Recurrent massive hemorrhage which does not stop after ileostomy may require
early removal of the colon and the rectum. Occasionally ileostomy fails to precipi-
tate a remussion in the acute form of the disease, or an acute exacerbation of the
disease following ileostomy will not respond to medical measures, and removal
of the colon 1s necessary in an effort fo prevent death from continued activity of
the disease in the colon.

InconrpLETE REsPoNSE To ILEOSTOMY

In those patients whose response to ileostomy has been less than completely
satisfactory and in whom careful studies fail to show any other cause for failure
to gamn satisfactonly in weight and strength, the disease in the colon may be

considered to be the lmiting factor, and for these patients colectomy is indi-
cated.

REACTIVATION OF THE DiseasE 1§ THE CoLox

One exacerbation of the disease in the colon following ileostomy is a positive
indication for colectomy. In our earlier experience, we allowed a patient at Jeast
two recurrences before advising the removal of the colon. Because of the seripus-
ness of an acute exacerbation after ileosmmy and because on one or two acca-
sions the desire to postpone colectomy nearly cost the life of the patient, we have
now come to feel that a single exacerbation is a posttive indication for a;n clective
colectomy. It should be done as an elective procedure during the same hospital
admission after the acute process has been controlled, P
PSEUDGPOLYPOSIS

. After ileostomy the patient cannot exhibit the early symptomatic manifest

tions of eancer of the colon, and roentgen examination is often painful and reat.
|sfaet01:y for detailed interpretation. Because of the increased meidence of oy
noma in patients with chronic ulcerative colitis and because of th fo ¢ that
pseudopolyposis may be Papalion

a predisposing factor, we belie i
should have removal of the diseased oolgn. e beeve that such a patient
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the decision as to when this treatment has faled and when ileostomy may be
necessary in an effort to save the life of the patient is a difficult one. It is our
fecling that the prognosis following ilcostomy in this group of patients is so poor
that every possible effort should be made before operation is carnied out. It 1s,
nevertheless, true that the occasional patient who would otherwise die will be
saved by ileostomy. It is for this reason that the decision to do an ileostomy
should not be too long postponed.®

The patient who because of chronic illness or recurring acute episodes is a
semi-invalid and unable to carry on a productive hife and who has not responded
satisfactorily to medical treatment should have an ileostpmy.

MassivE HEMORRHACE

This 15 one of the most serious complications of this disease. We have had hittle
success in controllmg this complication without operation, and in most instances,
1leostomy alone will not suffice. The surgeon should be prepared to follow this by
eacision of that segment of the bowel from which the hemorrhage originates (see
Colectomy).

PseuporoLyrosis
f

Pseudopolypasis rep an i ive and late of the disease
with the small islands of mucous membrane and granulation tissue resulting from
the destructive process. It may or may not predispose to the formation of cancer.
Published statistics of the incidence of cancer in ulcerative colitis vary from the
1.9 per cent in the 1,467 cases reported by Lynn to the 6.3 per cent of the 95
children reported by Jach Barzen, and Helmholtz. The 2 per cent reported
by Cattell and Boehme probably fauly ly rep the 1
cancer m this disease, an mcidence distinctly above the normal incidence of
cancer of the colon in the general population of the same age. Whether the
pseudopolyposis 15 a factor i or pred to the devel of cancer 1s not
definitely known. It does represent a late and extensive manifestation of the
disease, and only rarely will a colon with such advanced discase be compatible
with a state of good health.

STriICTURE OR LocAL PERFORATION

Stricture or local perforation frequently with abscess formation hikewise repre-
sents late manifestations of the disease and are indications for ileostomy.

Active CoLrrs 18 AssoctATION WITH A SECOND ACTIVE DISEASE

Infectious arthritis, superficsal skin infections, occasionally tuberculosis, are not
mfrequently seen m conjunction with ulcerative colitis, Jt has been our feeling
that when a patient 15 handicapped by two chronic diseases, one of which is
curable by surgery, the elimination of the ulceratwve colitis may be an important
factor mn controling the other condition Most patients for whom ileostomy js
undertaken under these condstions will have a subtotal colectomy as a planned
pracedure after an interval of two to three months.

» Denms and hus associates report excellent results following transthoracic vagus resection
for a hmited number of patients 1 this group.
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Incision. We now prefer a small muscle-splitting incision through. the mid-
portion of the right rectus muscle so that the ileostomy will be at or just below
McBurmney's pomnt. The length of the incision depends on the !l]lckxlefs of the
abdominal wall and probably varies from 5 to 7 em. in length. We handicap our-
selves by working through a small incision merely to lessen the extent of the
surgical wound and thus mimmize future difficulties from possible wound infec-
tion.

Procedure. The incision is carried down through skin, subcutaneous fat, fascia,
muscle, and peritoneum. Every effort is made not to put any gauze into the
peritoneal cavity. With gentle retraction, the anterior abdominal wall is elevated
slightly as one tries to identify the terminal ileum. This, at times, is simple; at
other times it is not so readily and promptly done. We have found Treves's
bloodless fold, a small peritoneal-covered fat fold running from the cecum up-
ward on the antemesenteric border of the terminal leum for a distance of 2 to 5
em., to be of the greatest value 1n wdentification of the ileocecal region. Usually by
gently pushing the coils of the small bowel to one side or the other, this fold can
ultimately be seen, the segment of terminal ileum gently grasped, and the
tleocecal valve positively identified. A loop of bowel 15 then brought out through
the wound and protective moist pads placed beside the bowel. We prefer an end
ileostomy to the double barrel ileostomy which we so commonly used in past
years. We reserve the double basrel 1leostomy for the acutely ill patient when we
are desirous of domng an absolute mimumum and returning the patient to the bed
mn the shortest possible period. Under these conditions, a loop of bowel is
brought out through the wound, and a few fine cotton sutures are taken in the
peritoneum and fascra. After making a small rent in the mesentery of the bowel
a piece of skin 1s brought through thus rent and the skin edges are carefully
closed with a serum-proof suture, such as, dermalon. .

Except for the occasional acutely ill patient, an end ileostomy is carried out,
Clamps are placed across the bowel approximately 15 cm. proximal to the
ileocecal valve (or proxumal to gross abnormality of the 1leum ), and the bowel is
divided with a cautery. The mesentery is divided about 5 cm. and the distal end
is mverted with a double layer of £000 chromic catgut and a fina} layer of mter-

rupted fine (#70) cotton. The distal end is then dropped back into the peritoneal
cavity. If the stump is properly inverted, 1f 1ts blood supply has not been jeop-
ardized, and if there is no obstruction distal to the inversion, blowout of the
stump will not occur. The proximal end is brought out through the wound with
the clamp still in place. The peritoneum, fascia, and skin are then closed around
%seu:l(]me;; I; is important that this closure .be neither too snug nor too loose.

y, if the opening through the abdominal wall is just snug to the index

finger, it will prove adequate. If smaller than this, obstructive symptoms will
frequently aceur and jeopardize the convalescence;

whereas, if much larger, a

:oop of léow‘e‘ll m?r prolapse out through the wound or the bowel itself may tend
N i X

‘;ee)s‘kx;:. e We choose to have the ileum approximately 2 cm. above the level of

Dragstedt has advocated the immediate a

ment of tleum external to the skin. Our exp

pplication of a skin graft to the seg-
too limited to recognize its possible merits

erience with this procedure has been
fully. Grafts take promptly, but the
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MiscELLANEOUS

There are several other indications for colectomy. A few patients with chronic
secondary anemia which would not respond to iron or to other treatment have
been restored to health by removal of the diseased colon. Chronic infections of
the skin which hase failed to respond to treatment have healed promptly when
the diseased colon has been removed. We have also advised colectomy in a few
patients with a second chronic disease for which there was no specific treatment,
such as mmimal lesions of pulmonary tuberculosis and, more particularly, -
fectious arthnitis Some, but not all, of the latter group have been markedly aided
by the elimmation of the diseased bowel.

INDICATIONS FOR PROCTECTOMY

The indications for proctectomy are quite definite. Following removal of the
colon there should be very hittle discharge from the rectal stump. In many 1n-
stances, the condition of the lower segment of the bowel is not incompatible with
later use, and under these conditions we believe the bowel should not be removed
as a part of a planned procedure. If, however, there 15 definite evidence of per-
sistent actvity in the stump shown by continued bloody discharge, particularly
if in association with the rectal discharge there is extensive scarring and strie-
tures, making examination of the upper limts of the segment impossible, the seg-
ment of bowel should then be removed by a combined abdominoperineal pro-
cedure
Local sepsis is also an occasional indication for removal of the stump. Perianal

L and fistulous op gs will be elimi d only with extirpation of the

bowel
TECHNIC OF OPERATION
I EosToMY

Tleostomy 15 not a difficult operation to perform Mortahty following ileostomy,
while much lower than in former years, remams high, If the ileostomy 1s properly
done, the hugh mortality is the mortality of the disease and not of the operation.
If, however, the operation 1s not done with great attention to all details, not only
will the mortahty for the disease remain high, but m addition to that, there will
be a mgh mortality from the operation itself. With proper care this procedure can
be carried out on almost any patient, no matter how ill, with little untoward re-
action on the part of the patient. Except in rare instances, eaploration con-
tributes nothing to the future care of the patient It 1s hazardous, increases the
nisk of the ileostomy, and 1s, we believe, contraindicated.

Anesthesia. With but few exceptions we use a 1 per cent procaine block of
the abd 1 wall for hesia, adding enough sodm pentothal to the intra-
venous solution, usually 5 per cent deatrose in normal salne, to spare the patient
any emotional shock and also to el the discomforts d with the
injection of the procaine, It is important, we feel, to depend on the procame for
anesthesia and for relaxation of the abdominal wall, using the pentothal not as
anesthesia but as analgesia.
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In an effort to avoid manipulation as much as possible, we usually catry the d‘i5<
section from the rectosigmoid region around the splenic flexure to about mid-
transverse colon as the imtial step without dividing the bowel. The posterior
peritoneum is then carefully sutured so that when the small bowel is brought
from the right side of the abdomen over to the left side, it need not be further
disturbed at a later tne. Mobilization of the splenic flexure, probably the most
dufficult part of the procedure, only rarely offers any real difficulties, providing the
incision has been carried high enough. In certamn instances where there is a great
deal of reaction in the mesentery and in the surrounding fat, care must be taken
not to tear the spleen. In carrying out the dissection, the vessels should be care-
fully clamped before they are divided. Usually a large strip of dry gauze placed
1n the retroperitoneal area during the course of the resection of the left colon will
control the smaller oozing vessels which sometimes are present. It is important
that they are controlled before the peritoneum is closed over them. There is hitle
danger to important stuctures if the dissection is kept reasonably close to the
bowel. Careless application of clamps might easily injure the duodenum in its
first or second portion, but only if the proximuty of this ta the colon is not appre-
ciated If a double barrel type of ileostomy has been done, a small blind segment
of ileum, probably 5 em. within the peritoneal cavity, will be left and the end
turned m, care being taken not to jeopardize the blood supply either to the
ileostomy 1tself or to thus blind seg) when the y is divided. When-
ever possible, we close the opening between the ileostomy and the lateral peri-
toneum in an effort to prevent the small bowel from herniating through this
apening. For this purpose we use a 470 cotton suture. There 1s no standard
mechanism of closing this opening because of the varying conditions present. In
most instances, 1t can be satisfactorily accomplished. We have occasionally found
it impossible to do. )

The time of division of the bowel at the rectosigmoid area depends on the
management of the stump, In those cases in which the bowel is too badly dis-
eased to permit a safe inversion of the lower end, the bowel 15 brought out
through the lower end of the wound and 1s not divided until the wound has been
closed If the condition of the bowel is such that 1t would seem passible to turn in
the end of the distal segment safely, the bowel is divided at or slightly above the
level of the brim of the pelvis just before closure of the abdomen. The end of the
bowel i;;arelf)l:llly inv?ﬂed, covex:ed with f:'at tabs, and left wside the penitoneal
K\]\;xty. he abe fomen is cl?fed without drainage and the colectomy wound care-

Yy profected trom g ton from the i y discharge.

ProcTECTOMY

The rectum is removed by a combined abd perineal procedure, not unlike
€ P
the Milés” approach for cancer of the rectum. If there is a draining sinus at the
lower end of the colectomy wound, the abdomen is .

ow ) opened through the old in-
cision above this. The incision is then camned aroundpthe rectal s%umpeaz; tll?e
latter is capped by tying a square of rubber dam over the end.

" Inbfreemghthu rectum from its attachments, the dissection 1s carried closer to
he Io“‘e‘ly than ?he operation for cancer; otherwise the two Operations are
stmlar. We are particularly careful to keep close to the bowel during the perineal
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rigidity resulting in the early postoperative period has caused varying degrees of
obstruction in the few stances m which we have used it, necessitating removal
of the graft. This procedure has proved satisfactory in other hands, however, and
is not to be condemned on the limited experience which we have had.

‘We take no sutures in the bowel, no anchoring stitches being taken to fix the
bowel in the wound or to the skin. Great care is taken to be sure that the skin
edges are everted agamst the wall of the bowel and gauze squares are carefully
placed around the exteriorized portion of the bowel to which the howe} promptly
becomes adherent. The clamp is left i place when the patient leaves the operat-
ing room.

SusTOTAL COLECTOMY

The removal of the colon has been approached by different surgeons from two
somewhat different points of view. Cattell believes that once ileostomy has been
done and colectomy is indicated, the total removal of the large bowel should be
carried out in a planned two-stage procedure. In the first stage, the right colon
and a portion of the left are removed, and in the second stage, the remainder of
the left colon together with the rectum is removed 1n a combined abdomino-
perineal procedure Because the left colon is usually most seriously involved and
because the rectum can frequently be left without harm and with certain ad-
vantages to the patient, we prefer to remove the entire colon to the rectosigmoid
region m our second stage.

An important prelinunary measure is the preparation for subtotal colectomy mn
the passage of the Miller-Abbott or similar long intestinal tube, It is usually put
down 36 to 48 hours before operation in an effort to deflate the small bowel and
to have it fluted on this tube in such a manner as to minimize the intra-abdominal
contents and also to make it possible to manipulate them easily with a minimum
of trauma,

Incision 'With the ileostomy on the right, we prefer a long left paramedian
incision, This extends from just above the pubes high enough in the epigastnum
to permit ready mobilization of the splenic flexure.

Anesthesia. Qur own preference is for mtrous oxide-oxygen-ether anesthesia,
although we see no objection to the use of spmal anesthesia for those who prefer
this for their abdommal surgery.

We have carried out the operation both from left to right and from right to
left, and now do it routmely from left to nght. Technically, it would seem to
make httle or no difference which way the dissection is carried out. Theoretically,
there may be some advantage by beginning at the left in the more cnitically il
patients, smee by this procedure that segment of the bowel which 1s most ser-
ously involved will be freed and removed in the earher part of operation, Jeaving
the less involved segment to the last.

Because intestinal obstruction is too frequently seen as a late comphication of
subtotal colectomy, we make every effort to mmimize the incidence of this com-
plication. The omentum which we formerly preserved for whatever protection
1t might give was often found to be mvolved n a later obstruction, and 1t is now
removed. We are also careful in reperitonealizing the root of the mesentery, leav-
ing a smooth suture line which puts all of the knots jn the eatraperitoneal tissues
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intravenously. Our present policy is to mclude 1 gm. of ascorbic acid, and the B
complex m about the following amounts:

Thiamine hydrochlon’dc .. 20 mg.
Riboflavin . . 6 mg.
Pyridoxine hydrochloride 8 mg.
Nicotinamide . 40 cc.
Sodium pantothenate 8 mg.

Complications. The complications following sleostomy will be dependent on a
number of factors. It 1s of greatest importance to avoid so far as possible all
trauma to the distal ileum. Undue manipulation with catheters or other tubes may
easily traumatize the bowel at the level of the peritoneum, fascia, or skin and
result m fistulous openings at some level external to the pentoneum. This com-
plication would be almost entirely avoided if great care were used in any manipu-
lations wathin this distal segment of bowel.

Fic. 1.—Temporary ileostomy outfit devised by D: i
y Dr, Ferdmand Haase, i i
anlfféhﬁixf”ﬁfgig enhc;u slldefof a‘h ple’;e of lcOpper with tabs pf:,s;&niff :tg(az;x:‘e:tﬁf L::
. 15 a ler tor
ebcl:l;:ul:f'i .%olérnnk.amy outfit. The average lumen should

Obstruction at the outlet is commonl

) ! v ly seen, frequentl t

nized and unless mte.nswely treated, may be disash%us. 'I{li:(i)bft;‘::g(:? ursel;:ollg~

;f;u;; :}lt tl}e advc;mcxixg e(;ge of the mucosa as 1t grows down over serosal co:ery

b he 1leum distal to the skin. This advancing edge i: i .

'—Fﬁ the f;‘ng‘er into the ileostomy opening and magy beg rezor;:ililelg Z:t:‘iiz{tlg:\erg
e carhest symptom of this complcation is usuall o

t ) rofuse i
from sleostomy with rapid depletion of both sodmri End chlc‘:’i::lt:r);hils;:}:tairiet
y €]
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part of the operation, hopeful that by so doing we may lessen the incidence of
bladder and sexual (male) disorders which follow this procedure.

1f the pelvic cavity is relatively dry after the rectum has been removed and »f
there is no perisectal sepsis, the wound is closed without drainage.

CoLECTOMY AND PROCTECTOMY IN ONE STAGE

In selected cases the entire large bowel may be removed 1n one stage. The indi-
cations for so extensive a procedure must of necessity be Imited, Possibly massive
hemorrhage may be an indication when the source of the bleeding cannot be
determmed, Undoubtedly in certain of these cases the perineal dissection should
be done first, or as suggested by Warren, a perineal {team and an abdominal team
may work simultaneously according to the method described by Dunphy.

Our own experience is limited to 2 cases, each of which was done in the usual
manner, removing first the colon, then proceeding with the abdominoperineal
removal of the rectum.

POSTOPERATIVE CARE AND COMPLICATIONS
Ireosyosty

The clamp which bas been applied to the ileostomy s removed after 24 hours.
A soft catheter, about 22 French, is then gently passed inta the ileum and fast-
ened in place with a purse-string suture through the distal portion of the bowel.
This 15 permitted to dramn mto a bottle Under ordinary conditions, this will
continue to drain satiskactonly for a period of three or four days, after which time
the ileal contents will become too solid to pass readily through the tube. When
the consistency of the bowel contents has reached this stage, the tube is removed
and a temporary ileostomy bag 1s then applied (Figs. 1 and 2). This is appled
direetly to the skin without regard to the wound and is held in place with skin
cement * and an elastic belt. In the application of this bag great care must be
taken that the opening through the base is adequate to permit the ileostomy to
pass without undue constriction. Even then, the ileostomy must be carefully
watched lest the bag ride up and cut into the lower portion of the bowel, This
bag 15 usually satisfactory until a permanent type of bag 1s applied.

Fluids Fluid and electrolyte balance must be carefully followed. The loss
through the ileostomy and by vomiting may be severe and must be replaced. A
normal hemoglobin is mai d by free ¢ of whole blood. The total
fluid mtake will usually vary from 2500 ta 4000 ce. daily. The amount to be given
as 5 per cent deatrose in water or of 5 per cent dextrose in normal saline wall
depend on the salt need This wall usually follow determinations of the serum
level, of the chlorides and by following the chloride excretion m the urme as ad-
vocated by Evans.

Dict. The diet is vanied, depending on the tolerance of the patient. It is not
increased according to any definite schedule, but a smoath diet without roughage
is permutted as soon as the patient will tolerate it.

Vitamins. Empincally, vitamins are used m one of the daily preparations gnen

* Manufactured by Dewey and Almy Chemucal Company, Cambndge, Mass.
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minimize this complication, all aimed at applying some protective covering to the
wound and to the shin of the abdominal wall. None of these in our hands has
been wholly successful, but careful appheation of the temporary ileostomy bag,
followed by the application of the permanent appliance, has for practical pur-
poses climinated this plication

Heostomy Appliance. There is no universally accepted ileostomy appliance.
Probably most patients have reasonable satisfaction from the so-called Rutzen
bag, which is cemented to the abdominal wall and is made to fit each individual
ileostomy. There are those, however, who will not tolerate the cement. There
are others who by choice prefer some other type of appliance which is not ce-
mented to the abdominal wall and which in many mstances are home made. It is
now our policy to measure and fit these patients with a Rutzen type of bag, and
whenever possible, we find it helpful to have a patient who has been trained in
the use of the 1leostomy come in and talk with these patients prior to the latters’
discharge from the hospital.

CoLecToMY

The postoperative care following subtotal colectomy is essentially that of any
uncomphicated laparotomy The Miller-Abbott tube is removed in 24, 48, or 72
hours, depending on its tolerance by the patient. Fluids are permitted by mouth
as soon as tolerated, and after 24 hours the patient is permitted an increasing diet
according to his individual tolerance. Intravenous 5 per cent dextrose in distilled
water with vitamins as previously mentioned is utilized to insure a total ntake
of from 2500 to 3500 cc. daily. Unless there has been some loss of fluids, we do not
customarily give salt in the intravenous fluids until 24 or 48 hours have elapsed,
providing that the patient has been in good electrolytic balance prior to the
operation, The patient 1s permitted to be up and about any time after 24 hours.
Antibiotics are not given routinely unless there has been some positive indication,
such as local abscess or unexpected soiling.

Complications. Complications following subtotal colectomy are not specific to
that procedure.

PROCTECTOMY

The care following the combmed abdommoperineal removal of the rectum is
essentially that described above. In general, we keep these patients in bed a little
longer because of the rather thin peritoneal floor which has been constructed
usually permitting them to get up at the end of five or six days, The catheter i;
left in place from five to seven days, then removed. If the patient voids satis-
factonly, it 1s not replaced. If there is some uncertamnty as to whether or not the
Patient has emptied the bladder, he should be catheterized directly after voiding
to ascertain the amount of residual urine If he 1s unable to void, the catheter
should be reinserted and permtted to remain in place for another period of four
or five days. In other words, the management of the bladder is essentially the
same as following any combined abdominoperineal procedure. As a ruley th
problem 15 not a major factor in this group of patients because they are you; .
and probably also because great care is taken to keep the dissection muci clx;%::

to the bowel with possibly less disturbance to the nerves to the bladder.
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quickly going mto a state of profound collapse. The resp to the intr

njection of 5 per cent dextrose 1 saline n adequate amounts 15 prompt and
gratifying. If the opening through the abdominal wall was adequate at the time
the ileostomy was performed, it will remam adequate. The obstruction under
these conditions will always be at the advancing edge and can be readily rem-

Fic. 2 ~Attachment of the bag to the Jeather diaphragm. The rubber 1s stretched tight over
the lcather and cemented to the shin The outfit 1s made by the Pharmacy at the Massachusctts
General Hospital, .

edied by several small meisions through tlns constriction, then gentle dilatation
with the finger. Once these incisions have been made, the ileostomy should be, as

f the second week
ooy o 3 . 10 days,

Skin I?ntaticn: If the ileum 15 permitted to dramn mto an abdominal dressing, 1t
may be eatremely disturbing. A variety of methods has been used in an effort to
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third had an cuacerbation of her colitis and later died of a brain tumor. Two
patients whose ileostomy was followed by subtotal colectomy had a re-anas-
tomosis between the fleqm and the tectum. The interval in one instance was seven
years bet the col y and the anas is, and this patient has done well.
The interval in the second instance was five years, and this patient while well
fecls that lie is somewhat more restricted in his activities because of the frequent
loose movements than he was with his ilcostomy.

Socro-econoruc ResuLts

A careful follow-up study has been reported on 110 patients who survived
tleostomy. Eighty-four per cent of the 104 patients who were living considered
themselves to be in good health. Ninety-seven per cent were working as house-
wives, were in school, or were gainfully employed. In 23 of the 70 married pa-
tients, the ilcostomy preceded marriage, five of the women have gone through one
or more preg; i bsequent to 1l y-

1leostomy in a patient who is otherwise well is entirely compatible with a pro-
ductive and happy hfe.
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X}

If a drain has been inserted because of ding, this is removed at
the end of 24 or occasionally 48 hours. If a drain has been inserted because of
wfection, its management will depend on the jocal conditions and need not be
taken up in detad here,

RESULTS
Hosrrrar MorrarLiry

In Table § are given the mortality figures following the surgical procedurs.
Mortality figures are of little value unless the individual cases are understood and
the various factors entering into a fatal termination are given their proper con-
sideration Mortality of ileostomy done under the condstions previously set forth
will probably always be lugh. Mortahty, however, should in most instances be
the mortalty of the discase, not of the operation. It should be possible now to
perform an y with a mini of ion to the patient and a marunum
af safety if every detail is carefully followed through,

TABLE I

PanienTs Wit ULcenatTin & Coums ADMITIED TO MASSACHUSETTS
wseaar Hoserear, 1932-1947°

Operation Numberof Casex  Deaths® Mortaliy Percentage
No operation ... .. . 220 12 50
Heostomy ... v 2 148
Subtotal colectomy . 50 8 87
Proctectomy ... ... .. 37 1 27
Reshitution of contnuty .. § [ [}
Tota) cases «..... ... 378 41 108

® Table includes all operations performed on tus group up to Jan. 1, 1950.

The mortality for colectomy when it is done as an elective procedure should
be low The lity for col y which s y I of progressive
disease will be high, and when colectomy s carried out, as it has been in cestain
of our cases, in a desperate effort to salvage a life, the mortality will be very high.
On the other hand, removal of a badly diseased bowel, even in a desperately sick
patient, will many times be rewarded by a striung response and a complete re-
turn to good health, Proctectomy in this group is a relatively safe pracedure and
should carry a low mortality.

Late Resvvrs

Restitution of Continuity. The number of patients who may hase successful
restitution of continuity of bowel will depend largely on the indications for which
the ileostomy was done. If the ileostomy is dane early, a good many of those may
have continuity testored at some Jater peniod On the other hand, it 1s probable
that those for whom continuity may be restored might welt have never needed an

1 and probably, ding to our indication, would not have had it done.
Using the indications which we have used, we have attempted to restore con-
tinuity 1 only 5 instances. Three of these had been in excellent health and had
had po symptoms referable to the bowel for a varymg period of years. One of
these 3 was successful; 2 have had to have the ileostomy re-established; the
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third had an evacerbation of her colitis and Jater died of a brain tumor. Two
patients whose lcostamy was followed by subtotal colectomy had a re-anas-
tomosis betw cen the ileum and the rectum, The interval in one instance was seven
years betwcen the colectomy and the anastomosss, and this patient has done well.
The interval in the second instance was five years, and this patient while well
feels that he is somewhat more restricted in his activities because of the frequent
loose movements than he was with his ilcostomy.

Socto-econonic ResuLts

A careful follow-up study has been reported on 110 patients who survived
ileostomy. Eighty-four per cent of the 104 patients who were living considered
themselses to be in good health. Ninety-seven per cent were working as house-
wives, were in school, or were gainfully employed. In 23 of the 70 married pa-
tients, the ileostomy preceded marriage, five of the women have gone through one
or more pregnancies subsequent to ileostomy,

Ileostomy in a patient who is otherwise well is entirely compatible with a pro-
ductive and happy hfe.
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The Cytologic Diagnosis of Cancer

PETER A. HERBUT, M.D, AND ABRAHAM E. RAKOFF, M.D.

HISTORY

HE DLAGNOSIS OF CARCINOMA by cytologic methods is an old practice that dates
T almost to the middle of the nineteenth century. According to Zemansky, the
first positwe diagnosis of cancer from an examination of any body fluid was made
by Beale 1n 1860 when he recognized single and clumped neoplastic cells in un-
stained smears of sputum from a case with carcinoma of the pharynx. In 1869
Ashworth discovered neoplastic cells in the blood stream of a patient with cutane-
ous car is. In 1876 Hampeln isolated sarcc cells 1n smears of
sputum from a patient who previously had an extremity amputated for sarcoma.
In 1882 Quincke found neoplastic cells in smears of ascitic Buid removed from a
patient who was thought climcally to have cirrhosis of the liver. His diagnosis of

abdominal is was later substantiated at necropsy. Also in 1882, after
introducing new fixing and staining methods for smears of blood and exudate,
Ehslich made a diagnosis of abd ) carcino in 3 cases from an exam-

ination of ascitic fluid. Neoplastic cells in sputum in a case of sarcoma of the
lungs were reported on in 1890 by Huber. In 1893 Prentiss discovered tumor tis-
sue in smears of fluid removed from the pleural canity

In 1895 three contnbutions on the subject are worthy of note. Rieder demon-
strated mitoses in smears of ascitic fuid from a case of carcinoma of the ovary.
Bahrenberg maintained that fresh and dried smears either stained or unstained
were inadequate in making a diagnosis of carcinoma and, therefore, introduced
a method of sectioning a mass of sedimented cells. According to him, it was
preferable to allow the fluid to stand and clot spontaneously, to pour, off the
supernatant portion, to harden the remains by adding alcohol, to embed the
small stringy mass in celloidin, and to treat this materia] as though it were a pie
of tissue, Betschart found atypical cells m stained smears of both sputumP l C;
aseitic fluid. Two years later, n 1837, Dock, studying stained smears of bm:h
pleural and ascitic fluid, concentrated on the difference between neoplastic ? d
non-neoplastic cells, .In the same year Warthin demonstrated spindl;e cellsar:n
smears of thoracie fluid .remmedj from a case of fibrosarcoma of the pleura, while

a year later Benecke d j 1 cells in
m .
tamed from a case of melanosarco;n;. smeass of aseitie flud ob-
In 1900 Mandlebaum, apparentl
. ; ly unaware of Bahrenberg’ feati
years previously, described a method of sectioning sedmme £3 Puiation fve

: isly, ¢ ted i
widely used in this country and abroad for decades to fo]l:n: l‘i}:“jn;i:;? o
g con-

sisted of aﬂowing large amounts of fluid t, anting th
t to sediment, decanti g the supematant
fluid centrifuginf' the sediment i a . " fix; ¢
, nt in a tapered centrifuge tube, i ur of
2 Ju » fixing the pl g
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cells in formalin, and treating the agglutinated cells as one would treat a piece of
tissue,

In the first decade of the twentieth century there were at least 17 papers pub-
lished on the subject of cytologic diagnosis of carcinoma. In five of these emphasis
was laid on the presence of mitoses, while in the others irregularities in shape,
size, and staining qualities of the cells were stressed. In 1911 Warren presented 5
cases in which the diagnosis was made from stained smears. He observed that
mitoses were tarcly found even in those cancer cells which were present in the
fluid. In 1917 Mandlebaum again described the method that he had first re-
ported 17 years previously, Five years later Panton was able to demonstrate sar-
coma cells m smears of cerebral spinal fluid. In 1924 Seecof and Boetch presented
a series of cases that had been exammed by the embedding technic. They re-
ported that a positive diagnosis was attended by a lugh degree of accuracy,
whereas a negative diagnosis meant nothing. They also commented on the diff-
culty of differentiating mesothehal cells from neoplastic cells. In 1928 Zemanshy
reported his experiences in the exammation of almost 1,000 fluids and secretions
His positive reports were 87 per cent accurate.

In recent years intensive study has been made of smears of vaginal secretions.
It has been known for a long time that the superficial epithelum of the vagina
sheds cells which reflect the function of the ovaries if prepared by proper cytologic
methods. It was during the course of such studics that Papanicolaou more than
two decades ago noted the presence of unusual cells m vaginal smear prepara-
tions which on further investigation appeared to be shed from a malignant lesion
of the cervix. It was not until 1943, however, when Papanicolaou and Traut pub-
lished their classic monograph, Diagnosis of Uterine Cancer by the Vaginal Smear,
that widespread interest was aroused in the possibility of employing vagmal
cytologic preparations for the diagnosis of uterine cancer. The value of this
technic has now been amply confirmed and 1t has taken its place as a routine
diagnostic p dure in lat ies througt the world. It was recognized
early, and emphasized by Papanicolaou himself, that the method was not an -
fallible one and that it was not neatly as casy to interpret the test as it mught
seem to the unmitiated. Despite such warnings (Scheffey and Rakoff), however,
the lay press saw fit to publicize the method as an easy, rapid procedure for
discovering utermne cancer i women and intimated that it conld be carned out
by any physician anywhere. More unfortunate, perhaps, has been the fact that

and even tech untrained in the technic, undertook the responsi-
blhty of making diagnoses of cancer and even carrymg out surgical procedures
on the basis of their results, \vxth unfortumte conscquences 11 Some cases.
Nevertheless, as of pathologists have acquired adequate train-
ing and experience with the method, vagmal cytology has found a place of real
value among our diagnostic procedures. Although there have been a few modifi-
cations in techme suggested, such as the mclusion of smears from the cervix as
well as from the vagina and suggested changes in staiming techmes by some
groups, the method and 1its interpretation remain essentially unaltered from
that described by Papanicolaou and Traut in their monograph. In this presenta-
tion our experiences covering a period of six years are only summanzed. Those
who wish additional background in detail should consult the monographs by
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Papantcolaou and Traut, Papanicolaou, Marchetti, and Traut, and Gates and
Warren. For those, however, who wish to become sufficiently versed in this
method to employ it as a diagnostic procedure, it is recommended that they seek
training m the laboratories of thase experienced in the techme. Currently, the
American Cancer Soctety offers a four month course for pathologists in varjous
qualified laboratories throughout the country.

Followmng the publications of Mandlebaum, Seecof, and Boetch, and Zemansky
most laboratories used the paraffin embedding technic in the examination of body
funds and secretions for neoplastic cells Smce the more recent work of Papani-
colaou and Traut and others, however, the pendulum has agam swung the
opposite direction and at the present time smears of secretions or sediment,
stained by the Papanicolaou technic, have become quite popular and are bemg
employed with a high degree of accuracy. Because the method varies slightly
from laboratory to laboratory 1t is our purpose m this presentation (1} to describe
precisely the procedure which we use in preparing and staining smears, and
(2) to consider under separate headings the systems and organs from which
these materials are obtained To accomplish the latter we shall state the exact
method of collecting the materal, describe the appearance of normal and ab-
normal cells from the respective locations, present cur own experiences and
results, and compare these with the method and iesults of other workers in
the respective fields

METHOD

Inasmuch as the methods of collecting the material from different regions
of the body vary they will be discussed separately under the respective headings.
Once the fluid or secretions are obtamed in suitable form thin smears are pre-
pared on ordinary 1 X 3 mch shides. The exact technic of prepanug the smears
and the number of shides used in a given case vary from observer to observer.
In regrons of the body other than the female genital system it is our routine to
make six smears from each specimen. Regardless of the source of the fluid, a
drop or two of properly prepared fresh matenal is depostted on the surface of
each of three clean, preferably new, slides. Each drop 1s then covered with a
separate shde. With compression and a to and fro movement of the top slide the
matenal 1s spread thimly over both apposing surfaces, so that ultimately the
film 15 no thicker than that ordinanly obtaed n preparing a smear of peripheral
blood. The smears, while still wet, are then immediately immersed m a ﬁtiauve
composed of equal parts of 95 per cent alcohol and ether. Here they remain for
five to 10 minutes or longer, after which they are stamed by the regular Papani
colaou technic. If, for some reason or other, staming cannot be carriedp l;
immeduately the shdes may be removed from the fixatwve, allowed to d %
room temperature, and be stamed any time thereafter, lee\\”ise if 1t is d 'rybat
:zl) send materi:l by c;mnl we have found 1t preferable to prep:;re the sme::ras }:

1'e manner indicated, to allow them to dry, and to send them in the dri
without the addition of glycerin or any other pres i e ed state
materal s mronerly oo preservative. In such cases, if the
A [[:e ]lust ):l . gll:;(ig ,:;“;:a::s, "sr:;ei;sn ;:ea(;efull}f prepared, the ultimate

4 out immediately.
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Notwithstanding the fact that we use, and have not modified, Papanicolaou’s
techote, it should be pomted out that there is nothing magic or speafic about
this stain. It does not pick out, for example, neoplastic cells to the eaclusion of
other cells. It dves, however, offer certamn advantages over other methods: (1)
1t preserves and stains the structural details of a cell with a clarity that, in our
opimon, cannot be duplicated by any other method, (2) it differentiates certain
sloughed epithehal cells according to the degree of glycogen content and is,
therefore, important in gynecologic work, and (3) it dilferentiates heratmized
squarnous epithelial cells from other more primitive or highly specialized cells
and 1s thus of considerable value in studymg smears of, for example, bronchial
secretions QOther workers, however, use a variety of stains, such as hematosylin
and eosin, Giemsa's stain, and Wright's stain, and as far as the dagnosis of
carcinoma is concerned they obtain equally good results. In other words, the
most unportant factors are the assiduousness, astuteness, and experience of the
examner rather than the type of dye which 1s employed.

Although the varous stains cmployed in the Papanicolaou method can be
purchased commercially, they may be prepared with case in any laboratosy. For
the sake of convemence the following details are therefore offered. Stams EA 36
or EA 50 are equally cffective. Stain EA 36 consists of 45 cc. of a 0.5 per cent
solution 1 95 per cent aleohol of light green SF yellowish, 10 ce. of a 05 per
cent solution in 93 per cent alcohol of Bismarck brown, 45 cc. of a 0.5 per cent
solution of 95 per cent alcohol of cosin yellowish, 0 2 gin. of phosphotungstic acid,
and 1 drop of a saturated aqueous solution of lithium carbonate. Each of the
035 per cent alcoholic solutions 1s prepared by heating, and then they are
simply combined and hept in stock without fltening. Stain OG 6 consists of
0025 gm. of phosphotungstic acid added to 100 cc. of a 05 per cent solution of
orange G m 95 per cent aleohol. For staming purposes these and the other
necessary solutions are conveniently placed in ordinary Coplin Jars. The steps
in the staiming may be outlined as follows: (1) smears are rinsed in 70 per cent
and then i 50 per cent alcohol and finally distilled water, (2) they are immeised
n Harris” hematoaylin for five to 10 minutes, rinsed m distilled water, rinsed three
to four times m 05 per cent aqueous sclution of hydrochloric acid, rinsed
thoroughly 1n water, differentiated for one minute m a solution of hthium

L posed of 3 drops of ] aq ] per 100 cc. of water,
and rinsed thoroughly m water, (8) slides aie then rmsed in distilled water,
50 per cent alcohol, 70 per cent alcohol, 80 per cent alcohol, and 90 per cent
alcohol; (4) they are stamed for one mmute in OG 6 (5) nnsed five to 10
times in cach of two jars contaming 90 per cent alcohol m order to remove
excess stain; {6) stmined m EA 36 or EA 50 for two minutes, nnsed five to 10
times 1n each of three jars contaming 95 per cent alcohol, rinsed in abso-
lute alcohol, cleared 1 aylol for five to 10 minutes, and mounted i Canada
balsam.

The smears are then examined systematically in a_erisscross manner so that
every portion of every shde is scanned, Although the magnifications used 1n
exammng the smears vary from observer to observer, we have found 1t con-
ventent to do prelimmary scanning with 80 to 100 mngmﬁcalmn'nnd detailed
study with 400 g ficatton. It 1s not y to use o1l immersion
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CANCER OF THE FEMALE GENITAL TRACT

COLLECTION OF MATERIAL

Smears for cytologic study may be prepa
ing sites: (1) the vagina, (2) the cctocervi
from the surface of any suspicious lesions,
types of smears to be tak
case, since there are cert:

TABLE 1
COLLECTION OF SMEARS

red from one or more of the {olfow-
ix, (3) the endocervix, (4) directly
(5) from the uterine cavity. The
en depend somewhat on the problems in the individual
ain advantages and disadvantages for each ( Table 1).

Limitations and

Sources Techme Adcantages Disadrantages
Vagmal Aspiration with pipette  Smmple and comem-  High proportion  of
N rom postenor foraix ent, contams cells vaginal cells; rela-
from cotire genital tively few from cer-
tract; best for de- vix and endome-
termining  osaran tnum
function
Endocen 1cal Aspiration with pipette  High  proportion  of - May mss cells from

Cenvieal Scrapings

Lesion

from cereal canal

Scraping of cervrx with
spatula

Scraping or aspiration
from lesion visual-
1zed on cenvix or va-
gna

cervical and endo-
metrial cells

Cells obtained directly
from mast commonly
affected area of cer-
vig

Cells obtamed drectly
from lesion m ques-
tion

lesions on ectacer-
vix

Does not contamn cells
from other area of
cenvix ar endome-
trium

Cells from only one
area; should not re-
place biopsy

Nore Endometnal smears have also been suggested but are not recommended for routne
purposes because of potential dangers in invading utenae cavity

For routine screening purposes, some workers still take smears from the vagina
alone but more commonly smears are taken from the vagina and from the endo-
cervis. The posterior fornix of the vagina is a natural reservoir for secretion and
desquamated cells from all parts of the gemtal tract including the fallopian tubes,
endometrium, and the cervix and vagina, For this reason smears collected b);
aspiration of secretion from this site are most Likely to be representative and in
addition are the easiest and most convenient to prepare. Furthermore, vaginal
swmears are the most satisfactory for providing information concemint; ov:n'an
function. On the other hand, such smears tend to contain a high propbomon of
cells from the vagma with but relatively few from the cervix and endometrium

whereas smears made from the endocervical secretion will be rich in cells fmrr;
the upper genital tract. Since smears prepared from the endocervical mucus

not contain cells from lesions of the ectocervix, a third smear may be pr ma({
by scraping the ectocenvix with a spatula; the latter will contain :)" h'n}? e

tion of cells from the junction of th L prper

e squamous epithelium of the vagi d tk
colwmnar epithelium of the cervix which i S oriein
is the most common site of origin of

?en ical carcinoma. Sr.nears of cervical scrapings are of course not usually satis
actory for the detection of cancer of the endometrium or fallopian tubesy If
. If on
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speculum exammation a lesion should be apparent either in the vagina or cervix
it 15 good policy to prepare an additional smear by seraping the surface of the
lesion with a spatula

For general routine screening purposes 1t has been our practice to collect one
smear fiom the posterior foinix of the vagina and another from the endocervix.
If on speculum examination, there is an erosion or any other lesion of the cervia
a third smear 1s prepared from the cervical scrapmgs and an additional smear
from any discrete lesion 1f one should be apparent.

s

Fer

Fic 1 —Equprmcnt for making vaginal and cervical smears {(A) Cophn jar with screw-top and

glass top, (B) diamond marking pencil, (C) shghtly cuned glass pipette with rubber bulb,

(D) laryngeal cannula with rubber bulb, (E) Ayre scraper, (F) scraper cut from ordinary
tongue depressor

Smears prepared from the endometnal cavity have been suggested as having
the advantage of prouding a high concentration of cells directly from the
endometrial cavity Such smears, however, are not recommended for 1outine
purposes because of the potential dangers nherent m mvading the uterme cavity,
In special mstances 1f the patient and the examiner are properly prepaied endc-
metrial smears can be taken for additional study.

Technic It 1s preferable that the patient should not douche for at least 24
hours before smears are collected Ths is especially important if vagmal smears
alone are to be taken If the patient has douched then 1t becomes especially
mportant that endocervical smears and cervical sciaping smears should be taken
1 addition to the vaginal smears,

The equipment which 1s necessary for routine purposes s as follows (Fig 1):

(1) Copln jars with screw tops or similar jars for holding the shdes.

(2) Fnatwe consisting of equal parts of ether and 95 per cent alcohol.

(3) Glass pipettes about 6 in in length and % m mn diameter with 1ounded
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tip and nanow opening to which may be attached a stiong rubber bulb for
producing suction. .

(4) A glass marking pencil with wlich the patient’s name may be written
on the slide.

(5) Wooden spatulas for taking cervical serapings. These may be purchased or
may be prepared by cutting 4 tongue depressor with a heavy scissors to fit the
cervical canal The Jatter may be cut especially to fit the individual cervia,

(6) A metal laryngeal cannula is useful in those instances which the cervical
canal is narrow and will not accommodate the glass pipette. The laryngeal cannula
may also be employed for preparing endometrial smears.

Vagmal Smears: Vagmal smears are best collected with the patient fn the
lithotomy position. With the bulb compressed, the glass pipette 15 intioduced
slowly, well into the postenor formx of the vagma. It 15 not necessary to use
the speculum nor should any lubricant be employed. The secretion in the posterior
foinix of the vagina is aspirated by slowly moving the tip of the pipette from
side to side as the pressure on the bulb 1s slowly released. After the pipette has
been withdrawn the sccretion is blown on to a glass slide near one end. The
material then is spread with the outer surface of the pipette toward the opposite
end of the shde to produce a moderately thin film, Before any drying can occur
it 15 dropped mto the jar of fixative.

Endocervical Smears: With the patient i the lithotomy position the cervix
1s exposed with a bivalve vaginal speculum using as hittle lubricant as possible.
If there is excessive vaginal secretion covermg the ectocervix this may be gently
wiped away with a dry cotton pledget. The secretion from the cervical canal is
then aspirated with a glass pipette or a laryngeal cannula, If an adequate amount
of secretion cannot be obtained a satisfactory smear can be prepared by introdue-
ing a cotton-tipped applicator well into the cervical canal and rolling the secretron
thus obtamed onto the glass slide

Smears from Cervical Scrapings: After the cervix has been exposed with a
speculum, the tip of the wooden spatula 1s mtroduced mto the cervical canal so
that the concave surface fits snugly against the adjacent ectocervix and endo-
cervin (Ayre) The spatula is then iotated once or twice khmugh the entire

circumference of the cervix. The material on the spatula 15 then transferred to
a glass shde and spiead to make a film. The shde 1s dropped into a bottle of
fixative at once,

Sm'ears from Lesions: Smears from the surface of lestons may be
scraping the surface with a spatula or by aspirating the surface
pipette or laryngeal cannula.

Endometrial Smears. As previously indicated this ©
pared only under special circumstances It must be
not pregnant and stenle precautions must be obs:
(iomutrinl biopsy or curettage. A sterile sound 1
the wmternal os This 1s then followed with a steri]
secretion gently aspirated with a rubber bg;b::t:;f)g]: ryr::gf?rz cmTHUh and
to l;(‘)lmtc the tip ol'ﬁ;he:l cannula into all portions of the uter;ne cavxtgy every effrt

All smears are fired immediately in equal parts ’
ether, and stamed according to lhcytcchn?c nlrle)ndy oolftl?:eg.er cent ateohol and

prepared by
with a glass

ype of smear should be pre-
ascertamed that the patient 1s
erved similar to those for en-
may be gently passed beyond



At
AYEING

7

&
"

Com Rl

| G SO

S

Caption on opposite page.



THE CYTOLOGIC DIAGNOSIS OF CANCER 185

Nox-veorLasTIC CELLS

“The dificulties in the detection of abnormal cells 1 vaginal smears are largely
due to the fact that there 1s a great variety of normal cells which may be found
in the vagmal secretion, as well as many variations in those associated with
benign conditions. Not only may there be cells present from all porticns <3f the
gemml tract, from the fallopian tubes to the vagina, but the characteristics of
these cells may change depending on the degree of ovarian function present.
As a preliminary to mastering the cytologic technic for the detection of carcinoma,
1t therefore becomes necessary to be thoroughly familiar with the various types
of nommal cells which may be encountered and the terpretation of cyclic
alterations,

Normal Vaginal Cells. The vaginal epithelium of the matme woman consists
of three distinct layers which may be referred to as (1) a basal layer, {2) an
intermedsate layer, and (3) a superficial or functional layer. The degree of de-
velopment of the vaginal epithelium is dependent on the ovarian hormones,
particularly the estrogens, so that gross changes in ovanan function in different
phases of life are readily reflected in the histologic appearance of the vaginal
mucosa ( Rakoff, Feo, and Goldstem).

Simlar indication of ovarian function can be obtamned from cytologic study
of the cells shed from the vaginal mucosa as seen in smears Cells arising from
the basal layer are of the small round or oval type, with relatively large nuclei.
The cells of the intermediate layer are of the transitional variety but gradually
become larger and flatter until they approach the true squamous type seen in the
superficial layer. In the latter layer the degree of estrogen and progesterone
effect 15 further indicated by more subtle cytologic changes and espectally by
the staimng reaction of the cytoplasm The varying degrees of estragen deficiency
and effect can be outhned as follows (Rakoff, and Rubenstemn) (Fig. 2).

(1) Marked Estrogen Deficiency All of the cells are of the basal type. Many
of the cells may show hyperchromatic nuclei or mitotic actvity. Leukecytes are
numerous and often markedly excessive because of an associated atrophic vag-
initis In the presence of an inflammatory reaction some of the basal layer cells
which usually stan basophilic may be acidophilic i reaction. This type of smear
may oceur 1n castrates or in some postmenopausal women.

(2) Moderate Estrogen Deficiency: The majority of cells are from the basal
la)ers. but there are also some cells from the ntermediate layer or even an
oceasional squamous cell of basophilic staiing reaction. Leukocytes are present
m varying numbers and mucus is plentiful.

-
Fia, 2d —Slu:l“ nlng uni:lus degrees of estrogen deficiency
as mdicated by small, round cclls from the basal 1
deficiency as indicated by presence of cells from thenl)x::alogad:i ;fa %i\n > a( o Slight oo
cells from the intermediate and superficral layers. (C) Shghi’s PRl it
presence of precomified cells wath bas 2 s
Gtrogen cffect a8 indicated by clumps of corntfied and
cpthelal layer with acidophilic cytoplasm and pyhnotic
regressne changes as seen m the corpus lutewn
acdoplulic cytoplasm many of which show ch.
showing the charactenstic twisted navieular cell
and desquamation of cells

sucler. (E) Good estragen cffect
phase mdicated by Cﬂmlﬁ(dg celfi i\‘ 1{}‘\‘ l:‘r:
aractenstic fo]dmg.l 1s(F) Smear n pregnancy
or “pregnancy” cells due E

o :upe rc;;yc - la)erl.le o marked shedding
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(8) Slight Estrogen Deficiency: The majonity of cells are fiom the intermediate
layer with some from both the basal layer and the superfienal layer. There are
usually moderate numbers of leukocytes and some mucus,

(4) Minimal Estrogen Deficiency: Most of the cells are from the mtermediate
vaginal layer with some superficial cells of basophilic staming,

(5) Shght Estrogen Effcet: The cells present are from the superficial vaginal
layer. The cytoplasm stains basophilic, many of the nuclei are vesicular but
some are dense. There are oceasional leukoeytes and mucus. This is the type of
smear usually seen w the postmenstrual and early fallicular phases.

(6) Moderate Esttogen Effect The majonty of cells are of basophilic staming
but some may take an ntermediate stain and a few are acidophilic. This type
of smear 1s normally seen in the late follicular and preovulative phases.

(7) Moderate Estrogen LEffect. Almost all of the cells are acidophihie, some
markedly so In many of the cells the nuclei are small and dense or fragmented,
and some of the cells are completely cornified. The smear 15 often quite clear
of leukocytes or mucus This type of smear is scen n the ovulative phase or in
patients recewing full estrogenic therapy

{8) Estrogen Effcet with Regression: When the peak of unopposed estrogen
effect has passed, there 1s a tendency for the cells to become folded, to lose thewr
bnight acidophilic stammg, and often to undcrgo cytolysis or muctfication. This
change may occur cither because of the withdrawal of estrogeme hormone or
because of the presence of progesterone which opposes the estrogen effect.
Durmng the corpus luteum phase the regressive changes continue m a regular
fashion until just before menstruation when the estrogen effect is slight and
regression quite marked

Pregnancy Dunng normal pregnancy the vaginal epithelium which 15 bemg

d to large of both gen and prog shows a sather
mpld and marked desquamation of the Supcrﬁcml vagmal layer. The large
squamous cells are both of the basoplilic and acidophilic type and not only
tend to show folding but frequently marhed twisting so that the cells assume a
rather charactenstic navicular shape The latter are sometimes referred to as
pregnancy cells The nucleus 1s relatively large and the cytoplasm frequently
contains dark granules Although the presence of these cells is not characteristic
of pregnancy, they are noted m such large numbers m pregnant women as to
arouse suspicion of pregnancy whenever they are seen

Ectocervix That portion of cervix which protrudes into the vagma 15 spoken
of as the ectocervix It 1s covered by a continuation of the vaginal epithelium up
to the pomt of the external os where there 1s a sudden change from the squamous
cpithehum of the ectocervia to the columnar epithehum of the endocervin This
pomt of transition, easily recogmzable because of the abrupt change in color
from the pale puk of the squamous epithehum to the orange-red of the colmmnar
epithelum, 15 an area of great mportance since at this point many cervical
carcinomas arse

The cells of the ectocervix closely 1esemble those from the vagmna proper but
can be dist hed by several ch istics. They are g lly more round or
ovoid than those from the superficial or mtermediate vagmal layers and are
almost always more basophilic 1 reaction, usually tahing a somewhat brighter
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1 stain than the vagmal cells. The cytoplasm 1s frequently vacuolated and
¢ is a rather heavy border about the periphery. The nucleus which is usually
\d or oval is, as a rule, eccentrically situated. If there is much cervical mucus
ent the cells may assume @ variety of colors from green to orange o1 purple.
ndocervical Cells Endocervical cells are readily distinguishable from those
he ectocervix or vagina but not infrequently may closely resemble those of
ometrial ongin, Several types of endocervical cells may be distinguished.
ietimes they may appear as typical columnar cells such as one sees on histo-
¢ section limng the surface of the endocervical glands and may contain
/ng amounts of mucoid material. They tend to be rather square at one end
may show eilia at this surface while the opposite end tends to taper. In other
ances the endocervical cells are ovoid in shape and confain large vesicular
let, Cells of this type, because of their size and staining reaction, frequently
auble those of endometrial origin. They are generally somewhat larger than
se flom the endometrum and the cytoplasm is mcre plentiful; they are
bably derived from the hning surface of the endocerviv. A third type of
oeervical cell is sometimes referred to as the cervical mucus cell. It represents
s from the cervical glands which have become mucified and have been shed
3 the cervical mucus They are found in clumps and are readily recogmzed by
ir large, evenly staimng nuclei in a background of blue-staining mucus 1
ich the cell margins are mdistinct or have vanished,
indometral Cells. Endometrial cells are the smallest of the epithetial cells
mally found on the vaginal smear, They are round or ovoid with only a small,
:gular border of cytoplasm surrounding the nucleus. This cell varies some-
at in size, shape, and appearance at different times of the cycle, and in the
retory phase it appears somewhat larger and more ovoid m shape. The nucleus
yuite vesicular but has a rather dense blue-black membrane with dark-stamnmg
omatin granules distributed throughout. The cytoplasm stains rather faintly,
sally a light blue. Endometrial cells are found m clumps just before, duning,
1 after the menstrual period. In the interval phases the number of endometrial
Is found in the vagmnal smear 15 scant.
Histiocytes. Histiocytes of several types may be found in vaginal smears par-
ularly m the presence of an nflammatory reaction,
Small histiocytes are about the size ‘of endometrial cells and resemble these
ute markedly. The nuclear margin, however, 1s less prominent and the eyto-
asm demon.stm‘tes a fine, lacy pattern. In addition they generally occur m fcl]g
egular chains in a rather characteristic pattern,
fre‘luent?y it 1‘3 fr;-gmeited siving the als ::ual y oval or blscmt-ShaP ed Not
toplasm is usually basophxlgi)c b\%t can Is)tl;inmr]‘ce of a senies of buttons The
dls or pigment are not infrequently 2 most any color. Phagoeytized
g q y seen i these macrophages.

rorLasTic CELLs

It is important to recognize at the onset that
1e detection of cancer which is apphcable to all
ary, the diagnosis must be made from the ev:

there 15 no single criterion for
cytologie smears, On the con-
aluation of numerous factors, It is
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for tlus reason that it 15 frequently impossible to make an absolute diagnosis of
carcmoma  Many workers have, therefore, adopted the policy of grading smears
such as “grade 17 to “grade 5,” to indicate that there is a greater or lesser proba-
bility of malignancy or of classifying them as “positive,” “suspicious,” “doubtful,”
or “negative.” On the other hand, as eaperience is gained the cytologist is able
to obtamn a fairly high degree of accuracy by considenng vanous factors, each of
which by itself may not be sufficient to establish a diagnosis but which when
considered together make a pattern which can be evaluated.

Nuclear Changes. Abnormalities of the nucleus are of far greater sigmificance
than changes m the cytoplasm so far as the recogmtion of ncoplastic cells is
concerned The more important vanations are as follows:

(1) Amsonucleosis: Marked vanation in the size of the nucleus as compared
to the nuclei of normal cells fiom the same site, 1s perhaps the most common
and most sigmificant abnermality noted, The nucler of ecancer cells are not only
unequal m size but generally are considerably larger than those of normal cells,
This vanation m size of nucle 1s particularly evident in squamous cell carcinomas
of the cervin. In endometrial carcinema the nucler are slightly but defimtely
larger than normal but tend to show less estremes i vanation of size.

(2) Nuclear Deformities: Abnormalitics in the shape and ferm of the nucleus
constitute one of the most readily recogmzable features of cancer cells. Such
nucler may be lobulated, may be irregular in shape, may be fragmented, or may
asswne various brzarre forms.

(3) Hyperchtomatism: Abnormal cells can frequently be “spotted” even under
low magmification by the dark-staining qualities of their nuclei, In some mstances
the entite nucleus may be deeply stamned, obscuring its mternal structure, wiile
in other cases there may be more intense staining of the chromatin granules often
with an merease of the size and clumping of the granules, In some instances the
granules may collect around the nuclear border, causing this structure to appear
thickened.

(4) Enlargement of the Nucleolus. Although not scen regularly, when en-
largement of the nucleolus 1s present m a significant number of the cells 1t
constitutes an wnportant diagnostic feature, particularly if there 15 a marked
change m the nuclear-nucleolar ratio as compared to that of sumlar normal
cells In some mnstances there are also” multiple nucleoli present which add
further significance

(5) Mitoses. The presence of mitotic figures has less significance in cytologic
diagnosis than 1t does m hustologie evaluation, although mitoses are found in
many neoplastic cells particularly those of ectocervical origin They may also be
found m a high percentage of basal cells of vagmal or cervical origm.

(6) Multmucleated Forms: Multiple nucler are not uncommonly found in
some cancerous cells but again may also be present m cells from the basal layer
of the vagina or cervix, In the abnormal cells, however, the nuclet are more
likely to be unequal and distorted, whereas m the normal cell the morpholngy
is more typical

Changes in the Cytoplasm. Changes in the cytoplasm are not nearly so specific
as those m the nucler and may occur in many conditions such as mflaminatory
lesions, benign neoplasms, and following irradiation. Howezer, certain types of
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cytoplasmic alterations are so commonly seen in malignant cells that their
presence permits more ready detection of cells for fusther study and evalu-
ation.

(1) Amisocytosis. Malignant cells are frequently larger than normal cells and
sometimes quite mashedly so. Another important feature is the fact that the
increase in the size of the cell is often not in proportion to the increase in the size
of the nucleus so that there may be considerable variation in the nuclear-cyto-
plasmic ratio.

(2) Polymorphism: A sarying proportion of cancer cells shows abnormality
in shape and form. This 1s more marked in squamous cell carcinomas than in
adenocarcinomas. Although great individual variaticn is the rule, certain general
morphologic patterns tend to accompany specific types of cancer. Thus m well
differentiated squamous cell carcinomas of the cervix variants of the “tadpole”
type (Plate I, A) are common while prichle forms are more common mn the more
poorly differentiated types. In spindle cell carcinoma fber-ilke cells may be
found, whereas m adenocarcmoma of the cervical canal the cells are more likely
to be of the round type. In some nstances giant forms or syncytial collections
may be present.

(3) Abnormalities in Staining Reaction: Cancer cells quite regularly show
some abnormality in the staining reaction of the cytoplasm but this factor alone
is considered to be relatively unimportant since it may be found frequently in
the presence of inflammatory reactions or following irradiation.

(4) Vacuolization: Another nonspecific finding seen not infrequently in caneer
cells, is the increased vacuolization of the cytoplasm.

Other Factors Arousing Suspicion of Cancer. In addition to the specific cellular
changes described above, one generally finds other features in scanning the slide
which arouse suspicion of cancer. Although these associated findings are not
uncommon in inflammatory lesions and in various benign neoplasms, their pres-
ence makes 1t necessary to study the slide carefully in order to rule out carcinoma.
These findings mclude the presence of red cells and blood pigment, an increased
number of leukocytes, listiocytes, and macrophages, the presence of cells in
clusters with crowdmng of the cells, and the presence of large giant cells or a
syneytium of cells.

The Findings in vau'gﬂ Leswons In addition to its usefuluess n the detection
of cancer of the genital tract, the vaginal smear 15 of great help in serving as the
l.ndlC:\tDr of an abnormal function of the ovaries and may show the presence of

inflaminatory lesions or bemgn neoplasins in various parts of the genital tract.
Thus, for mstance, trichomonads and the yeast cells and hyphae of fungi can
be recognized in cytologic smears, although they do not stain as wel} as with
various specific methods for the detection of these organisms. An atrophic
vaginitis can be readily recognized by the presence of large numbers of b’; 1
cells along with a marked increase in leukocytes and histiocytes In cervicil
o o ke e of bl el ot sy

3 ng cased numbers of leukocytes and frequently

red blood cells and histiocytes. In endocervicitis there 15 a 1 1 y
cervical mueus heavily mfiltrated with leuhocytes a d & arge amaunt of
cervieal eells. In pelvic inflammatory di; Vs ane excessive numbers of endo-
ry discase, in addition to numerous leukocytes
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there is frequently an increased number of cervical cells, endometrial cells and
histiocytes. Many of the cells may assume bizarre forms and peculiar staining
reactions which to the unimtiated may arouse suspicion of cancer. In abortions
the cytologic picture is also often quite unusual and bizarre and has given rise
to difficulty because of suspicion of cancer. If the smear is studied carefully,
one frequently finds groups of navicular cells similar to those found in normal
pregnancy. In addition there are red cells, leukocytes, histiocytes, blood pigment,
and sometimes clumps of trophoblastic or placental cells present. Considerable
experience 15 required in the recogmition of cells ansing from the decidua, the
membranes, and various portions of the placenta. Excellent photographs of these
may be found in the monograph by Papanicolaou and Traut.

When polyps of the cervix or endometrium are present, there 1s generally an
mereased number of cells of endocervical or of endometrial orign, lepending on
the type of polyp. Such smears may gne nise to some difficulty in interpretation
since not mfrequently many bizarre shapes and clumps of cells are present in
addition to red cells and blood pigment. In some mstances bizarre forms that
resemble basal cells of the prickle variety are obsered and probably are due to
the ¢ of lasia, but on careful study the nuclei fail to
show the critena \\hxch have bcen given as suggestive of cancer.

IrraDIATION CHANGES

The cytologic technie has come to play an important role m the follow-up of
patients dunng and after the admimistration of roentgen or radium therapy, (1}
to determine whether an adequate response 1s being made to this mode of therapy
and (2) to detect evidences of recurrence, particularly with regard to further
treatment (Graham) Soon after wradiation has been admumistered there is an
mcrease 1 the number of necrotic and degenerated cells as well as an nflus of
Iistiocytes and macrophages Although the number of neoplastic cells rapidly
decreases, bizarre cells, quite different from those present before wrradiation was
administered, soon appear. Often they are of giant cell size, multinucleated, and
show gross nuclear deformities or extubit peculiar mitotic figures. Their staining
reaction is also abnormal, often being deep orange or gold-tinged. Sometimes the
nuclei appear shattered and the cytoplasm shows a marked increase in vacuoliza-
tion. Frequently their staining is rather hazy so that the details of structure are
difficult to outhne These distorted cells may persist as long as six months or
more after treatment, but as a rule they decrease rapidly in number after several
menths The entire smear then clears and the numbers of leukocytes, mucus, and
debns dinunish. Recurrence 1s evidenced by the reappearance of cells with nu-
clear deformuty resembling those ongmally present. Their recognition, however,
so far as stainng reaction and vacuolization of the cytoplasm is concerned, may
now be more difficult due to wradiation changes which persist.

ResuLts

In reviewmg the statistics of the accuracy of the cytologic method for the di-
agnosis of uterine cancer as reported from various chinies, 1t 1s at once evident
that the over-all results give a degree of accuracy ranbmg generally from 95 to 98
per cent. Further analysis of the figures, I that the p g
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of false positives and false negatives varies considerably in different groups.
Papanicolaou and Traut failed to detect neoplastic cells in the vaginal smears of
patients with demonstrable caicinoma of the cervix in only 4 of 127 patients and
with carcinoma of the fundus in 7 of 53 patients, Thus the incidence of false
negative smears for the cervical cases was 3.2 per cent and for the fundal cases
9.3 per cent. In a review of 1,875 cases studied in the Vincent Memorial Labora-
tory m Boston, Fremont-Smith and Graham found the procedure to have an over-
all diagnostic accuracy of over 96 per cent. Further scrutiny of their statistics
shows that the percentage error in patients with proved carcinoma is considerably
higher than m the negative cases. Thus an mcorrect diaguosis was made m 10.3
per cent of 154 carcinoma cases, while false positives were reported in 2.9 per cent
of 861 negative cases, although the over-all total dingnostic error was but 4 per
cent. Ayre, in a study of 580 cases, reported missed diagnoses amounting to 6 per
cent in 100 patients who had a positive tissue diagnosis of cancer False positive
smears, however, occurred in only 9 patients or 1.9 per cent of the 475 who were
negative for caicinoma. Jones and her co-workers had an error of 11 per cent in
false positives and 9 per cent n false negatives m a group of 432 cases, m 82 of
which a final diagnosis of cancer was established.

In reviewing the factors which may influence the results of cytologic examina-
tions the following appeared to be of most significance:

Collection of Smears It 15 of course apparent that the prepared smear must
contain cells shed from the lesion if the smear is to be of value. For this reason
smiears should be taken carefully with special precautions to obtamn an ade-
quate sample Papanicolaou and Traut have shown that even with vaginal smears
alone good results can be obtamed provided an adequate number of smears is
made. In our opinion the most important matersal is that taken from the vagina
in that 1t contams representative cells from all portions of the genital tract. 1t is
apparent that the percentage of good 1esults can be increased by making addi-
tional smears from the endocervix or from cervical scrapings.

The Number of Smears Examned. Ungquestionably the larger the number of
samples taken from a patient the more accurate the result. Unfortunute]y this has
a certain practical hmitation since, if the smear 1s completely negative and the
patient presents no suspicious symptoms or lesions, there would be little reason
for repeating smears On the other hand, if a smear is studied which show:
tionable cells, repeat smears should always be obtained. Not infre:
repetition has been rewarded by eventually finding cells suggestive of cancer.

The Type of Patients Studied The degree of accuracy is largely mﬂuence(i b
the proportion of normal patients in any group studied. In most instances it .
easier to rule out carcinoma on the basis of a perfectly normal smear than it st
make a diagnosis of cancer on a smear which shows many bizarre cell. st
from various bemgn lesions. © cells artsing

The Personal Factor There can be no question but that the :

. . - personal factor in
the interpretation of vaginal smears plays a large part in the degree of accuracy

which can be obtained. Some examin,
. 2 ers, particularly early | Xperit
will tend to classify cells which are at alI' bizarre as '{..mez,.'nl.i"t heir experience,

s ques-
quently such

~nd as a conse-
ew false nega-

PRIV )

-
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Ecaluation of Results for Routine Gynecologic Purposes. It will be noted from
Table II that 1n smears taken from patients admitted to the Jefferson Hospital
with vanious gynecologic complaints an accuracy of about 95 per cent was ob-
tamned with regard to the presence of mahgnant tumors when evaluated on the
basis of the findings at operation (Scheffey, Rakoff, and Hoffman; Scheffey and
Ralkoff). Although the results were highly accurate so far as ruling out cancer
was concerned, positine cases were missed in as high as 20 per cent if vaginal
smears alone were used. This was reduced to 17.6 per cent with the combmed
use of vagmal and cervical smears. It 15 apparent, however, that for routine
gynecologic purposes the cytologic smear alone is not as accurate as histologic
diagnosis obtained by biopsy or curettage and for this reason it should never be
used to replace histologic diagnosis. On the other hand, when no lesion is visible
and the patient does not complain of symptoms which would lead to a diagnostic
biopsy or curettage, then the finding of a positine smear assumes considerable
significance and cannot be distegarded, particularly since false positives are rela-
tively rare. By following such patients with repeat smears, and then by biopsy,
and curettage, carcinoma has been discovered in patients in whom the lesion
mght otherwise have gone unnoted. On the other hand, we have repeatedly seen
unfortunate mstances in which patients have been subjected to major surgery on
the basis of a positive smear alone in which no confirmation was obtained by
histologic methods.

It is generally agreed that the diag of carci of the endometrium by
the cytologic method is more duficult than that of cervical carcinoma, and as a
result the percentage of error m fundal cancer is somewhat higher (Table II).

TABLE 11
AcctRracy ofF CYTOLOGY SyEAhs
Combined Vaginal and
Vagmal Smears Alone * Cereical Smears
Total number of patents . . .. . 500 500
Patients with utenne cancer . 63 74
Correct results .. .. .. ... .. 474 or 948 per cent 478 or 952 per cent
Correct positives {on cancer cases).. 4% or 700 per cent 81 or 524 per cent
Correct  megatnes {(on  non-cancer '
cases} .. ... « e - - - . 430 or 98.4 per cent 415 or 97.4 per cent
False positives (on non-cancer cases) . 7 or 16 per cent 11 or 2.6 per cent
False negatives (on cancer cases) ... 18 or 30.0 per cent 13 or 17.6 per cent

* Results on 500 consecutive ward patients read as “unknowns™ using a single set of vagmnal
smears, Jefferson Medical College Hospital.

{ Results on 500 patients usmg vagnal and cenical smears (endocenical and/or cenacal
scrapngs), from patients m the gynecologic ward, Jefferson Medical College Hospital.

Carazvoya v Stru

The cytologic method has particular value for the detection of patients with
carcinoma in situ, The chief reason for this is the fact that early lesions often shed
a sufficient number of abnormal cells to arouse suspicion of cancer. Indeed, it is
a curious fact that 1t is often easier to make a positive diagnosis on a very early
Iesion than in some cases of advanced carcinoma m which the neoplastic cells are

b d by iderabl is, blood debrs, and the like. In some instances
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of carcinoma in site multiple biopsies may be necessary before the lesion can be
located. In such cases the circular biopsy method suggested by Scheffey is par-
ticularly useful.

CYTOLOGIC SMEARS FOR SCREENING PURPOSES

The fact that the vaginal cytologic smear method is capable of detecting
mahgnant neoplasms in the absence of enther a visible lesion o clinical manifesta-
tion raised the hope that routine screening of all patients presenting themselves
for gynecologic examination or for a cancer detection examination would pro-
wide an casy method for the early detection of cancer of the genital tract. That
such cases can be discovered in this way has now been repeatedly shown. On the
other hand, routine use of cytologic smears for screening purposes has proved
somewhat disappomting from certain practical aspects. In a group of almost 5,000
patients studied by us in various cancer detection climcs in Phuladelphia, over a
four-year period tn which more than 12000 smears were examined, only 7 pa-
tients with uterjne carcinoma were discovered {Table 111). The smear gave a
correct positive or suspicious diagnosis m 8 of these 7 cases. However, in all but
one of the patients with carcinoma a suspicious lesion was visible or symptoms
were sufficiently suggestive to warrant biopsy or curettage even before the smear
was taken. In only one case was the suspicion of carcinoma confirmed on the
basis of the smear alone. These results as well as those of a sumlar study by
Lombard arouse serious question as to whether the cytologic method is a prac-
tical one from a Bnancial standpoint as a routine screening procedure.

TABLE I
CyToLocY SMEARS FOR SCREENING Purroses

Results of eytologie smears as a “screemng” test in Philadelphia cancer detection clines
(July 1945 March 1948)

Number of Patients [EPTRYIN

Number of Smears . ..., .. .0 .

Number of Patients with Uterme Carcinona. .

Conect positive smears

Correct negative smears

False positne smears .,

False “suspicious” smears .
“Doubtful” smears ,

6 or 83.7 per cent
. Approumately 99.5 per cent
. 9

o
..... DR T

SuMMARY

(1) The cytologic smear test is a useful adjunct in the detection of uterine
carcimoma,

(2) This test is not intended to replace biopsy or curettage, rather it should be
used to select patients who should have the advanta

es of th
cedures. ges of these standard pro-
(8) The eytologic method is not as accurate as hi T ., .
purposes. ” histologic diagnosis for routine

(4) Smears taken from the va
from eather site alone.

(5) The cytoloy
with adeq gy

gina and the cervix yield better results than those

ic test is m i i
e test ost u‘L'scful as a sereening method in conjunction
g ion,
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(B) A repeatedly positive cytologic test must be regarded as indicating the
possibility of cancer until proved otherwise,

(7) A repeatedly negative smear does not rule out the possibility of cancer.

(8) The cytologic smear test 15 frequently positive fn very early carcinoma
which may be missed on initial biopsy.

CANCER OF THE LUNG
COLLECTION OF MATERIAL

Matersal avardable for studymg carcinoma of the lung is of two types—capec-
torated sputum and bronchoscopically remoy ed secretions. Of the two we prefer
the latter, for we mamtain that (1) early in the course of the disease there is no
available sputum, (2) the collection of the material can be more precisely segu-
lated, (3) bronchoscopically removed secretions are more concentrated than is
expectorated material and the chances of finding neoplastic cells are, therefore,
greatly enhanced, and (4) when secretions are not present, the segment of the
bronchus containing the tumor can be conveniently washed with saline and ma-
tesial thus obtamed for cytologic examination.

When faciltties for a bronchoscopic examination are not available, however,
examination of sputum 1s defimtely worth whle. Its collection is relatively simple.
If 1t 15 to entend over a 24 hour penod a presenvative of 93 per cent aleohol is
necessary This is placed in a wide-mouthed receptacle and the patient is in-
structed to expectorate directly into the contamer, 1f, on the other hand, a momn-
mg specimen is desired the patient should be instructed to rinse his mouth clean
of excessive debns and to cough from the depths of his lungs. This is fo insure
the securing of sputum rather than saliva. If the material can be examined within
a half hour or so, adding a preservative is not necessary, but if the interval be-
tween collection and examination is longer the material should be collected in
95 per cent aleohol

The procecure of securing bronclual secretions with the aid of a bronchoscope
must be precise. In prel y studies a ful of the chest 1s manda-
tory 1 order to localize exactly the suspected tumor site. The bronchoscopre ea-
amination 1s performed in the usual manner If the trachea and larger bronchi
contam secretions these are aspirated and discarded. The end of a Beaible tipped
aspirator (straight for the lower lobes, cunned for the nght iddle and both
upper lobes) is then mnserted nto the bronchus which drans the suspected tumor
arca, and secretions are aspirated and collected in a special collector. The col-
lector, which is attached to the end of an ordinary aspwator, has a short hori.
zontal hollow tube from which emerges a hollow side arm This fits into an

ordinary test tube When suction 15 applhed a vacuum is created in the test tube
apd the secretions, as they pass the onfice, drop into the Jumen of the tube. The
collector was designed by Doctor Clerf 1n order to do away with excess tubing,
If secretions are not available the involved bronchial segment may be gagerly
washed with salwe. To accomplish this the patient is turned on the side con-
taining the lesion and the table is tilted so that the feet are slightly lower than the
head if the lesion is 1 the lower lobes, or the head is slightly lower than the feet
if the lesion is in the upper lobes. With the bronchoscope i place, and under di-
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rect vision, saline is introduced into the bronchus draining the suspected tumor
site until o return is visible, Ordinarily  to 5 ce. ave all that is necessary. The saline
is then allowed to remain in the bronchus for a minute or two, after which the
patient is asked to cough and the return, which should be t\\'\c‘k and sticky {nat
watery), is aspirated in the usual manner. If the yield is negligible, the process
may be repeated once or twice at the same sitting. )

In the laboratory the sputum or the bronchoscopically removed secretions are
poured into a Petn dish and examined over a black background. With the end
of a broken applicator small gray particles (which may represent fragments of
tissue), the heavier mucoid areas, or the areas that are streaked with blood are
fished out, transferred to clean glass slides, and smears prepared and stained in
the manner already mdicated.

Non-NEoPLASTIC CELLS

Epithelial cells are invariably present i a properly secured specimen. These
are of two types~buccal and bronchial. Buccal epithelium is always found
sputum but ordmanly should not be present in bronchoscopically removed secre-
tions. It is easy to 1dentify. The cells are usually large, polyhedral, and possess
distict borders. The cytoplasm 1s abundant, homogeneous, and stawns blue, green,
punk, or combmations of these colors. The nucleus is round, small, and either
centrally or shghtly eccentrically placed. Bronclual epithelium is quite variable
It may be present in masses, small clumps, or single cells. In masses the over-all
hue is usually reddish-orange or bluish-green. The margins of the clumps are
irregular. The cell borders are ordinarily fawly indistinct; the cells are more or
less polyhedral, and the cytopl is moderate mn amount. The nuclei are round
or oval, and uniformly and lightly stained. When the angle is correct, fine
focusing in the presence of subdued light usually reveals cilia along the border
or over the surface. Sometimes, however, the cells are so turned that the ciha are
covered in which case they are invisible. When normal epithelial cells occur in
smaller clumps they are more transpasent and their architecture is more readily
discernible. The borders of the masses are usually angulated. The cells are tall,

)t or cuboidal. The cell boundaries are indistinct; the free edge usually
contams cilia; the cytoplasm is abundant and ordinanly statas bluish-green, and
the nuclei are round, oval, basilar in position, and uniformly stamed. Single epi-
thehal cells are essentially sumilar. In addition, however, both they and the
clumps often show varying degrees of degeneration. Under such circumstances
31:6 cells may become quite in:egu!ar and, when alia have disappeared, same

culty may be encountered in distinguishing them from neoplastic cells. De-
generating cells are usually considerably larger. The borders are less distinet and

frequently evenly broken, The ecytoplasm is somewhat granular,
vacuolated, and staips a li

bt e b s . occasionally
) uish-green. The nuclei

four times the normal size. The n%x%’ear mexgbrane 15 quite llnx(zznl:j :}:Ze(l:
nucleoplasm usually reveals a ground glass appearance. Vacuales, sometime:

Present withun the nucleus, may be mistaken for nucleoli, One valua,ble oint ;
precisely labeling these cells is the fact that most of the non-neoplastic epith l'“;
cells m the same smear show rarying degrees of degeneration and some gf tl? "

will invaniably exhibit clia. Since it may be stated axiomatically that any cell, e::
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matter how wrregular, that contains cilia is not neoplastic the uncertainty should
be immediately dispelled. Finally, there are single epithelial cells, presumably
derived from the basal layer, that are round or polyhedral and considerably
smaller. The borders sometimes are rather frayed; the cytoplasm is sometimes
scanty and bluish-green, the nuclei are round, uniform in size, and lightly
stained.

Inflammatory cells are usually easy to identify. Neutrophils are of the ordinary
type. They are round, sharply defined, have a moderate amount of hght bluish-
green cytoplasm, and reveal typical, evenly stained, lobulated nucler. Lympho-
cytes are considerably smaller, As usual the cell borders are fawly distinct, the
cytoplasm 1s scanty or imperceptible, the nuclei are round, of equal size, and
rather heavily stamned. The uniformity of the lymphocytes tends to distinguish
them from anaplastic carcmoma Plasma cells are larger than lymphoeytes. They
are round or oval; the cell borders are dishnct; the cytoplasm 1s moderate in
amount and bluish-green, and the nuclei are round, eccentric, and rather deeply
stamed. Phagocytes are the largest cells of the inflammatory group. They are
usually round or oval, the margins are sharp, and the cytoplasm 1s abundant,
homogeneous, reticulated, or v lated, and stains bluish-g to green. Fre-
quently 1t contams carbon pigment and 1t is the presence of this carbon pigment
that 1s sometimes of considerable value in ruling out neoplastic cells. The nucles
are of varying sizes but are usually quite large, round, somewhat eccentric 1n
position, and deeply staned. Giant cells of the Langhans’ or foreign body type
are also sometimes encountered. They are similar in all respects to giant cells that
are seen 1n ordinary histologic sections, They usually consist of a large mass of
cytopl that stams bluish-g) or light green and they contain two, three, or
more round or oval umformly appearmg, often piled up, lightly stained nucler.
Erythrocytes are sometimes abundant. They appear no different than they do in
smears of peripheral blood. Aside from the cellular elements there may be present
fibrin, carbon pigment, necrotic tissue, and bactena.

Neoprastic CELLS

Neoplastic cells, as would be expected, are as diversified m smears of secretions
from the lungs as they are in histologic sections of the corresponding tumor. For
the sake of description they may be conveniently divided into three categones—
1¢, and intermed:

4!

They appear either singly or in clumps Single cells vary greatly m shape and
size. Ordmantly, howeer, they are considerably smaller than are the pavement
cells that arise from the buccal mucosa, The borders are usually sharp, and the
cells are round, polyhedral, or assume an oblong appearance. The cytoplasm 1s
homogeneous and, as already stated, stains pmnk, yellow, orange, or various com-
bmations of these colors. The nucleus 1s usually central m position, round, and
extremely hyperchromatic. Sometimes groups of these cells form defimte epi-
thehal pearls. As such they are arranged m whorls and they become crescentic



PLATE I

(A) Noumal endometrial cells These are among the smallest cells normally
found in smears, and aie charactenzed by dark blue staming nuclei and a small

um of basoplulic cytoplasm, They generally contain several prominent chromatm
granules m the nucleus.

(B) A typical tadpole cell from a patient with a well differentiated cervical
cancer: Notice the large nucleus m proportion to the size of the cell, the chromatin
around the edge of the nucleus, and the prominent nucleolus.

(C) Smear from a patient with an adenocarcmoma of the cervical canal: Round

and pyriform cells with large, dense, irregular nuclei appearing m groups throughout
the specimen,

(D) Smear from a patient with adenocarcmoma of the endometrium: Nouce
clump of endometrial cells showing marked variation in size, marked enlargement of
the nuclei, and iregular distnbution of clumping of chromatm,

(A B, and € from Rakoff, A. E ¢ Normal and Abuormal Cytology of the Fumale Genital Tract, m
Seaunar, published by $hwp and Dolune, November, 1948, pp. 4:21.)
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and flattened. The cytoplasm appears as before and the nuclei are elongated.
Squamous epithelial cells appearing in clumps have less characteristic and dis-
tinctive features for the simple reason that they are as a rule several layers thick.
Because of this and because they may be confused with clumps of normal epi-
thelial cells, we usually pay less attention to them than we do to single cells. The
clumps are of varying sizes. The periphery is ordinarily irregular and the over-all
hue is of a Dluish-green to deep orange-red. Usually the cells arc larger than
normal. The borders are indistinct; the cytoplasm is less abundant, and the nuclei
are on an average larger than those found m normal epithelium. As a rule, they
disclose considerable variation in size, shape, and staining qualities. Sometimes
they are lightly stained and esicular, whereas at other times they are intensely
hyperchromatic. Cilia, m contrast to normal epithelium, are never seen.

Fic 3 -1 d variety of of the lung, showing single and clumped neoplastic
cells, They are of varying shapes, have a moderate amount of cytoplasm, and disclose 1regular
hyperchromatic nucler. X400.

Anaplastic neoplastic cells are of two varieties. More commonly they are two
to four times the size of lymphocytes and show considerable variation in shape.
They may be round, oblong, or variously deformed. The cytoplasm is usually
extremely scanty or unperceptible. The nuclei are sharply defined and, although
they are homogeneous, show considerable hyperchromatism. As a rule, the cells
oceur smgly but small clumps are also sometimes encountered. Less commonly
the cells are considerably smaller approaching somewhat the size of ordinary
lymphocytes. They are round or oblong, reveal practically no cytoplasm, and
disclose itensely hyperchromatic nuclei. Two features that tend to distin,guish
them from lymphocytes are the slight but definite varation n shape of the
nuclei and the intense hyperchromatism.

In the category of intermediate vanety we have grouped all the other types of
carcinoma of the lung, for we maintain that a more precise cytologic diapnos'
cannot definitely be made. As would be expected, therefore, this consntutg thls
most hck.:mgeneous group and the vanations are almost endless. Again (hesc lle
zPP:ﬂl' singly or in clumps {Fig. 3). The size vanes tremendouscl’y from cZIlZ

hat are no larger than lymphocytes to monstrous forms that occupy more than a
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single high power field of a microscope. The shape passes from round or oval
on the one hand to wregularly serrated and polyhedral on the other. The cyto-
plasm may be so scanty that it 1s hardly visible, or it may be extremely abundant.
It may be homogeneous, finely granular, or even occasionally vacuolated, and its
color 15 blue to gray with varying amounts of green added. The nuclei, too. are
extremely bizarre. Some are small and round or oval while others are grotesque.
The nucleopl may be abundant and intensely hyperchromatic or 1t may be
scanty and wateiy. One or more nucleol: are sometimes present but usually they
are entirely absent. Cells that caist in clumps show similar vanations but to a
lesser degree since the thickness usually obscures the cellular detail.

Rrsurts

Our results as of May 26, 1949, are as follows: In a total of 807 cases of carci-
noma of the lung, neoplastic cells were present in bronchial secretions in 272 or
88 6 per cent In the same group of cases a broncl pic biopsy was possible in
only 104 cases or 338 per cent In addition, however, there were stenosss, rigidity,
ete, 1n 87 cases. In the entire group bronchoscopy was completely negative and
neoplastic cells were present in 94 cases or 30 6 per cent.

We have not made an overdiagnosis of carcinoma of the lung in the last three
yeais. This we accomplish by rendening a positive diagnosis only when we are
certain that the cells aic neoplastic. In all other cases m which we are not
absolutely sure we so word our report and ask for another examination. This may
be repeated any number of times (eight has been the greatest number so far)
until we can precisely label the smears as positive or negative.

CoMMENT

In recent yems the method of diagnosing carcimoma of the lung by cytologic
means has become quite popular. Although the technic has varied shghtly, the
end results are comparable to those recorded above. Thus Woolner and McDon-
ald use both sputum and bronchial secretions and have modified the technic of
Papanicolacu to the etent that they use only hematosyln and eosin as their
stains In September 1947 they reported on 70 cases in which the results of the
exammation were positive, while in May 1949 they enlarged their series to 400
patients m whom a positive diagnosis of carcinoma was rendered. Therr false
positive error was approamnately 2 per cent and their false negative error was
approximately 30 per cent In other words, in their hands a correct positive diag-
nosts of carcinoma of the lung was rendered in 70 per cent of cases of cancer
exammed In a senes of 54 cases of carcinoma of the lung studied by McKay and
co-workers a posiive cytologic diagnosis was made 1n 40 or 74 per cent and a
false posiive diagnosis was made in 3 cases

Richardson and his associates prefer bronchoscopically removed secretions to
sputum and istologic sections of paraffin-embedded matenal to smears After
aspiration the material 1s fised 1n 10 per cent formaln, agglutinated by pieric acid,
embedded 1n paraffin, sectioned 1n the 10utime manner, and stained with hema-
torylm—eosm—orange G In a series of examinations from 17 cases of carcmoma
collected from vanous hospitals they found plastic cells in b h pically
removed secretions 1 10 cases or 66.7 per cent. In another series of 19 cases of
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carcingma of the lung in which the studies were made under the directicn of one
bronchoscopist they found neoplastic cells in 17 cases or §9.4 per cent. This study
indicates one point which cannot be overemphasized, namely, the precision that
is necessary in order to obtain constantly good results.

Shatz and co-worhers, working with sputum coughed from the tracheobr hial
tree, fix their smears in cqual parts of 93 per cent alcohol and ether and then stain
them with hematoayln and cosin. In 40 proved cases of carcinoma of the
bronchus a positive di is was made in 29 or 72 per cent. Farber and his as-
sociates recently reported on 100 cases of proved bronchogenie carcinoma. Spu-
tum from 89 of these showed “suspicious cells™ in 63 or 71 per cent. Broncho-
scopically removed secretions in 45 of the cases were reported as positive in 26
or 58 per cent. They stated that when a series of five specimens of sputum was
examined the aceuracy was increased to 90 per cent. Liebow and associates, from
a study of smears of both sputum and bronchial secretions in a series of 51 cases
of carci of the lung, concluded that the b hial smear method appears to
be twice as sensitive as the sputum smear method in arriving at a correct diag-
nosis. Fially, Altgauzen has been studying secretions and fluids from various
portions of the body including sputum over a 25 year period by making thin
smears and examining them under the microscope without staimng. In his report
he stated that 216 patients with carcinoma of the lung have been diagnosed by
this method, but he did not state the total ber of cases of i of the
lung encountered during this time.

CANCER OF THE PROSTATE
CoLLecTiOoN OF MATENAL

Prostatic secretions are obtained by massaging the prostate with the index
finger by way of the rectum. In order to Leep the material as concentrated as
possible care should be taken to avoid emptying the seminal vesicles. For the
same reason attempts should be made to strip only that portion of the prostate
that contains the suspected tumor As the drops appear at the external urethral
meatus they are collected on three new clean glass slides. Each of these is then
covered with three additional shdes and six smears are thus prepared in the
usual manner, Onginally, we collected the secretions in a test tube but later we

bandoned this d too much of the material was lost on the sides
of the test tube, When the secretion is-«abundant this is not a particularly great
g

problem, but when it is scanty (consisting, for example, of only a drop or two)
the end result is quite unsatisfactory. P

Nox-NeorLastic CeLLs

Normal cpithelium in prostatic secretions is derived §
; rom for —]
urethra, seminal vesicles, and prostate, o soutces-bladder,
Vesical epithelium is encountered when i
unne is expressed at the tj
::-lc(&xdul; (h";'l scﬂc;;ons, and when there is inflammation Ef the vesical o:lirfli]:eotff Ct;l-
adder. The cells are of two types—superficial Y
y pavement and deeper mu

':‘1:; :‘(é::s: :r_uns‘m;:ar tohbucml cells and vrethral cells and offer nolﬁxmmrgf?:;
. The latter, however, may be quite confusi

» may sing. The cells appear both
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singly and in large clusters. The clusters consist of sloughed pieces of normal
mucosa and Brunu's nests. The periphery of the former 15 usually rough and ir-
regular, while that of the latter is smooth, circumscribed, and surrounded by a
distinct basement membrane. In either case the overall hue is usually hght
brown. The cells are always smaller than are the cells in clumps in cases of carci-
noma. The cell boundaries ordinanly are quite distinct and the cells, as a rule, are
polyhedral and remarkably uniform in size. The cytoplasm is moderate to scanty
in amount, and the nuclei are round or slightly oval, centrally placed, relatively
large, and evenly and hghtly stained. It 1s the regularity of the cells and their
relatively smaller size that aids in distinguishing such clumps from clumps of
neoplastic cells. In some cases, however, when carcinoma of the prostate is well
differentiated the similanty may be quite striking,

Urethral cpithelium is easy to identify, It consists of large polyhedral and ir-
regular flat pavement cells similar to those found in the mouth, The borders are
distinet and sometimes curled. The cytoplasm 1s homogeneous, abundant, and
stamns all colors of the rainbow, particularly blue, green, pink, and yellow. The
nuclei are relatnely small, round, umform in size, and hghtly and evenly
stamed. .

Semnal vesical epitheliom ordimanly is also easily recognizable. The cells vary
considerably in shape and size. At one estreme they are relatively small and more
or Jess cubordal, while at the other extreme the cells are of giant propertions and
wregular. Most Iy they are intermediate in size and round or oval. The
cell borders are always distinct and the cytoplasm is abundant, deeply stained,
somewhat basophiic, and frequently contans granules of brown pigment (a
pathognomonic feature). The nucler are ordinanly quite large, sharply defined,
round, and deeply stained. Often spermatozoa are found both free and aggluti-
nated to the surface of the epithelial cells.

Prostatic epithelium 1s found as single cells and clumps of cells Single cells are
polyhedral or cuboidal The borders are always distinct, The cytoplasm is mod-
erate in amount and bluish-green The nuclei are round or oval, sharply defined,
uniform in appearance, and lightly and evenly stained. When the cells are in the
process of degeneration they become considerably larger, fiequently ballooned,
and then disclose 1fl defined irregular borders. The cytoplasm becomes granular
or even vacuolated. The nuclei are somewhat swollen, smudged, and pushed to
one side. Prostatic epithelum that appears in clumps or sheets is sunilar to the
nondegenerating normal epithelium. It presents a striking umformity of cells. The
borders are polyhedral and sharply defined. The cytoplasm 1s moderate in
amount and bluish-green and the nuclei are round or oval, uniform, and cen-
trally placed.

Nonepitheliat clements offer Iittle or no dificulty in the diagnosis of carcinoma.
Cells of inflammatory ongin are identical with those already desenbed under car-
cinoma of the lung. The phagocytes, however, do net contam: any carbon mg-
ment. Sometunies they are considerably Jarger than those found in bronchial
secretions and they may contamn an abundant amount of ingested matenal that 15

presumably hpoid. At any rate, they may be somewhat ballooned and their
cytoplasm may be finely or coarsely lated. The Nular el consist
of debris, lecithin granules, and prostatic concretions The last are round or oval,
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sometimes concentrically laminated, hyaline bodies that, with the stain employed,
assume a bluish-green appearance.

NeorLastic CELLS

Since carcinoma of the prostate is as pleomorphic as carcinoma of the lung
the cells encountered in smears of secretions are just as variform, For the sake of
uniformity they too may be divided into three categorics—well differentiated,
anaplastic, and mtermediary.

In el differentiated, more or less medullary type of growths, the cells in the
smears appear m sheets or Jarge clumps (Fig. 4). The periphery of the masses is
usually irregulasly outlined and the over-all hue is light brown or light blue. The
cells are considerably larger than are those found in clumps of normal or hyper-
plastic epithelium. The borders are always indistinct or entirely erased. The
cytoplasm is relatively scanty in amount and usually homogeneous. The nuclei are
comparatively large and although usually round or oval, they show a distinct

2 NS d
£

Fic 4.—Well differentiated carcinoma of the prostate, showing a mass of 11l defined cells with
relatnely scanty eytoplasm and large nucler X400
{Herbut, P. A Am ] Chn Path, 19 315, 1949 )

varfation w size. The borders are sharp. The nucleoplasm is, as a rule, finely
granular, evenly dispersed, and discloses definite hyperchromatism, Nucleoli are
rare and mitoses are practically never seen. Almost mvariably there are single
neoplastic cells in the same smears These are essentially similar to the cells al-
ready deseribed. The one outstanding feature which they possess is the indistinct,
frayed, wregular margins of the cells ”
Anaplastic carcinoma in smears is the most difficult

e of all to recognize, Th
cell's are practically always single or in clumps of not more than thie or fo:;
(ng. 5). Tl'xey are small in size and measure not more than one and a half to

twice the d.mme(er of a lymphocyte. The borders, as before, are indistinet. Th
cytoplasm is extremely scanty, light bluss} green, or is not d, bi ol
Thg r;uclei are oval or oblong and hyperchromatic. reble at al

clis of the intermed, rci

itermediate type represent all carcinomas that fall between the

two extremes just described. Accordi
. Accordingly, they are quite vari
varied.
better differentiated adenocarcinomas they often ap?;ear in r:und‘;:isogrre t0 ! x}llle
Y , giant, cell-
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like masses. The cytoplasm consists of a conglomerate mass that sometimes oc-
cupies more than a single high power ficld. The periphery of the mass is sharply
arcumscnibed but does not contain a basement membrane. Internally there are
no cell borders d able. The cytopl: is | g or fincly granul
and ordimnarily light blue. The number of nuclei varics from about six to 24;
they may be evenly dispersed throughout the mass, or they may be clumped in
one arca or another. Frequently they are superimposed on each other. As in the
well differentiated carcinomas they are usually large, sharply circumsenbed,
round or oval, quite regular m appearance, and show a moderate degree of hyper-
1 ism. In ad that show considerable vacuolization of the
cells, the fragments of acini that are extruded in the secretions are often seen as
clumps with serrated or scalloped borders. In these the cell boundaries are

S e

Fic 5 —Anaplastic carcinoma of the prostate The cells are single and possess a scanty or mod-
erate amount of 1l defined cytoplasm and somewhat irregular relatively small nucler X400
{Herbut, P A, Am ] Chn Path, 19 815, 1949.)

usually fairly distinct and the cells are somewhat ballooned. The cytoplasm 1s
reticulated or finely lated. The nuclei are relatively small but absolutely
enlarged. They are round or oval, more or less } 1z and hyperct ic.
At other times the cells may appear sigly or in small collections and present ir-
regular borders, The cytoplasm may be moderate m amount, drawn out mto long
sharply angulated processes, and stans hght blussh-gray The nuclei may be
relatively Jarge and round. The boundanes are sharply delineated. The nucleo-
plasm is somewhat watery, clumped, and nucleol may be promment. In the
more undifferentiated tumors, particularly those approaching a squamous cell
type of carcinoma, the cells become extremely bizarre. They may be many times
the size of normal prostatic cells. The borders may be eatremely irregular and
angulated. The cytoplasm 1s deep bluish-green The nuclei vary tremendously in
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shape and size and are extremely hyperchromatic. Aside from specific cells de-
scribed in this category there are, as one would expect, numerous variations and
endless gradations from one to the other.

Resvrts

In a total of 520 smears of prostatic secretions we encountered 66 cases of
carcinoma of the prostate. OF these the diagnosis was proved histologically in
48, In the remaining 18 cases it was clinically certain that the prostate was ex-
tremely hard and nodular, metastases were present in the bones, and the serum
acid phosphatase was elevated. Neoplastic cells were present in the secretions mn
45 or 81.8 per cent of the 66 cases. An equivocal diagnosis was rendered in 16
additional cases Most of these 16 were encountered in the early part of our study
and a recent review shows that equivocation was not justified. Also in the easly
part of our study a frank overdiagnosis was made in 3 cases. To avoud these
errors we, at present, render a positive diagnosis only in cases in which we are
absolutely certain that the cells are neoplastic. In others, we ask for a repeat ex-
amination until we can decide one way or another and, finally, we end up by
stating that there are or there are not neoplastic cells present.

COMMENT

In recent years the only noteworthy additional paper on neoplastic cells in
prostatic secretions 1s that by Albers, McDonald, and Thompson. Their techme

of the prostate they obtamed secretions in 24, In 19 of these, secretions were
positive for neoplastic cells, and in 13 of the 19 the diagnosis was confirmed his-
tologrcally. Secretions were posiive and tissue was negative for carcinoma in one
case. In an additional series of 100 cases of benign hypertrophy of the prostate
they discovered neoplastic cells in 3 cases, that is, cases in which carcinoma was
not suspected clinically

While there 1s no doubt that neoplastic cells can be found m prostatic secretions
and that they can be precisely labeled as such, the study as a whole has proved
rather disappointing. When we embarked on this work 1t was our hope that we
could, by the smear technic, uncover some of the 14 per cent to 50 per cent of the
occult carcinomas that are reported to occur in hypertrophied prostates. Actualt
we have not discovered a single case 1n which carcmoma was not sus ecteg
clinteally by at least one urologist. This would lead us to think (1) thI;t th
method will never be of practical mportance 1 the diagnosis of oceult can ;
the prostate, or (2) that the incidence of occult carcinoma is e

not what it i -
ported to be So far the test has been only of confirmatory val o

ue.

CANCER OF THE URINARY TRACT
CoLLECTION OF MATERIAL

In caremoma of the urinary tract th i
e material examined is urine, T}

u . The
necessary to nso}ate neoplastic cells need not be great and we have found th::no'u;:t
specimen that is voided the first thing 1n the morning quite satisfactory l;‘r:g N

. er



204 MONOGRAPHS ON SURGERY

such circumstances it is not necessary to add a preservative. Each specimen is
merely collected in a clean receptacle and sent to the Jaboratory. There the sedi-
ment is allowed to settle to the bottom. The eacessive fluid 1s poured off aud the
rest is centrifuged. The scdiment is then spread by compression on six clean glass
slides that have previously been coated with albumin, After this they are stained
in the routine manner by the Papanicolaou techinic. Collection of urine from the
bladder is likewise satisfactory in carcmoma of the urcter, renal pehis, and hd-
ney, but in order to locahze the lesions precisely a specimen obtained directly
from the right or left side by means of a ureterafl catheter is indicated. The
amount of fwd thus obtained 1s necessarily small, but 1t may be treated satis-
factorily m the same manner.

NON-NEGPLASTIC CELLS

Normal epithelial cells found in urinary sediment are ordinarily of two types—
large superficial pavement cells and deeper mucosal cells. The superfical pace-
ment eclls are similar to those found in the mouth and in the urethra. They have
already been described under carainoma of the lung and carcuoma of the pros-
tate. The deeper cells are usually found singly. They are three to four times the
diameter of erythrocytes and are cuboidal or polyhedral. The borders are shasp.
The cvtoplasm 1s hght green and & may be rather dense, finely granular, or
even reticulated, The nuclei are round or oval, sharply defined, relatively small,
and evenly stained. In addition to these types of cells one rarely encounters
clumps of epithebum that represent the entire thickness of the mucosa or
Brunn's nests, These are seen in cases with severe inflammation of the bladder
or in those in which the urinary specimen was obtained after prostatic massage.
They are sumtlar in all respects to the cclls already described in connection with
prostatic secretions.

Aside from epithelial elements the unne may contain inflammatory cells, eryth-
rocytes, bacteria, casts, and debuds.

Nrorrastic CeLLs

In well differentiated carcinowas of the urinary bladder the neoplastic cells m
urinary sedunent are simtlar to those found in well differentiated carcinoma of
the prostate. They usually occur m clumps possessing, an over-all light brown hue
(Fig 6). The penphery of the clumps and masses 1 usually nregular. The cell

.- - S g
PR

AN fmn o b .

Fic B.~Cascsnoma of the unnary bladder The cells i the clump are il defined and possess a
moderate amount ‘of Cytoplasm and decply stained sucler. X400,
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horders may be moderately distinet or obscure and the cells are vsually I?OIy-
hedral. The cytoplasm is maderate 1 amount and homogeneous. The nuclei are
relatively large, round, or dlightly oval and umformly but deeply stained. In
carcmomas which show lesser degrees of differentiation, and especially in those
that tend to resemble a squamous cell type, the cells appear accordingly. In gen-
eral, thev show the same degree of variation in shape, size, and staining qualities
as do . srostate. Fortunately, however, carei-
noma i . . differentiated so that the difficulty of
wdentifying anaplastic cells is practically nonexistent. Cells from carcinomas of
the ureter and renal pelvis are similar to those from carcinoma of the wrinary
bladder.

Resuvrts

We have no statistics to report on carcinoma of the urinary tract, for we do not
employ the test routmely. Our urologists maintain that whether the smears are
positive or negative such patients will be subjected to a cystoscopic examination
at which time any vesical lesion can be adequately visualized and a biopsy per-
formed. The procedure, therefore, appears to be somewhat superfluous as far as
the bladder itself is concerned. This is not so, however, when the upper urinary
tract is the site of the lesion, but the number of cases in this category is by com-
parison small. We have altogether examined 40 specimens of urine. Although
there were 8 cases of carcinoma of the bladder i this group mn which positive
diagnoses were made cytologically, we have not analyzed the rest to obtain our
percentage of accurate diagnosis. By ureteral cathetenization we have discovered 2
cases of carcinoma of the ureter. We have not, however, encountered any cases of
carcinoma of the kidney.

COMMENT

Most of the work on carcinoma of urinary sediment has been done n New
York City and Rochester, Minnesota. Papanicolaou prefers to mix the urine as
soon as possible with 95 per cent alcohol in the ratio of one part alcohol to two
parts of urme. It is then refrigerated until centrifuged. The supernatant fluid is
poured off. The sediment is smeared on slides that are coated with a thin film
of albumin and they are fixed after the edges of the smears show beginning dry-
ness. In 1947 he reported on 240 cases in which there were diagnosed b tl?i,s
method 42 cases of carcinoma of the bladder, 7 cases of carcinoma of the kl');!ne
and one case of carcnoma of the renal pelvis. This last case js presumabl th);
one that was reported in detail in 1949 by Foot and Papanicolaou. Y

Da.ut and McDonald in 1947 recorded their experiences with the examinatio,
of urinary sediment. At that tune they advocated the collection of 10 to 20 cc l;
urine in equal amounts of 95 per cent ether alcohol, centnfuging for ﬁvehml .to
at 15,000.1- pm., decanting the supernatant fluid, placing a drop of the s d'nu "
on the slide, spre.ading it with another shde, allowing 1t to dry for thre: t:)m;m
r;:;ulees;aand i;aming with polychrome methylene blue or Papanicolaou slai‘:ze

y examined 40 specimens, 19 of which were positive for nennlrcten f‘ells:
and
4 =4 ~geesegee wivestic
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gation of the urmary sediment and presented one case of adenocarcinoma of the
kidney and one of caremoma of the renal pelvis that were diagnosed by this
methed. They did not, however, give a statistical analysis, but they did state that
up to that time they bad two false positive diagnoses,

CANCER OF THE ESOPHAGUS

We have had no esperience in attempting to diagnose carcinoma of the
esophagus by cytologic methods. Anderson, McDonald, and Olsen, however,
have had consderable success. They collected the matérial by the following
three methods: (1) At the time of esoplagoscopic examuation the lesion was
touched with a cotton swab and the material was smeared on slides, or fiuid was
aspirated {rom the esophagus, centrifuged, and the sediment smeared. (2) After
dilatation of the esophagus a cotton appl was rubbed over the spiral of the
dilator and the material smeared on slides. (3} A strip of fine meshed gauze was
wrapped around the end of a gastric tube and secured by silk thread. The tube
was then passed to the point of obstruction or, 1f no ohstruction was present, to a
distance of about 16 1n. (41 em ) and then withdrawn, The material which be-
came adherent to the gauze was spread on glass shdes, fixed, and stamed in the
usual manner, By these methods they made the diagnosis of carcinama of the
esophagus m 21 cases and of carcinoma of the cardiac end of the stomach in 26.
There was one false positive report. In 8 cases the esophagoscopic examination
was negative and the smear was positive, while in 3 cases the esophagoscopic
biopsy was positive and the smear was negative,

CANCER OF THE STOMACH

Our experience with i of the st h has been extremely disap-
pointing We conscientiously tried the method on two separate occasions. The
first was in May 1845 after we had had some success i the diagnosis of carci-
noma of the lung, and the sccond attempt was after favorable results began to
appear m the literature. All in all we examined seeretons from 17 patients with
careinama of the stomach and an equal number or mare from patients without
carcinoma. We analyzed both the fasting contents and saline washings and we
made our preparations immediately on fresh matersal and after the material had
been collected in 95 per cent aleohol at the bedside and fixed before reaching the
laboratory, Of these 17 cases of carcinoma there were only 2 m which neoplastic
cells were duscovered in gastric contents. In each of these the lesion was 50 ad-
vanced that the diagnosis was made even before resorting to roentgenographic
examination  Accordingly we have abandoned the procedure entirely, Other
workers, however, have met with some success. A few of the observations are
thercfore described forthwith.

Papanicolaou and Cooper m 1947 advocated emptying a fastig stomach of its
contents with 2 Levin tube, adding an equal volume of 93 per cent alcohol, cen-
trifuging for 20 minutes at nedwum speed, pouring off the supernatant fluid,
coating slides with alt ing the sedi on the slides, allowing the
smears to stand until the edges showed begmning drying, fixing m equal parts of
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95 per cent alcohol and ether, and staming by the usual method. II? 137 cases
studied they encountered 27 cases of carcinoma. A positive diagnosis was ren-
deced in 10 and an equivocal diagnosis in 7 cases. In 10 cases neoplastic cells were
not encountered.

Campbell and Grimm m January 1948 advocated an Ewald test meal, aspira-
tion of the stomach contents, dilution with two parts of 95 per cent alcohol,
centnfuging at 20,000 r.p.m. for ten minutes, and smearing the sediment. They
studied a series of 200 cases of various types of lesions of the stomach, biliary
tract, and pancreas. Of the 7 cases of carcinoma of the stomach present in their
senes they made a cytologic diagnosis of cancer in 5. They made no statement,
howener, as to the accuracy of diagnosts, or the false negative and false positive
reports.

In Apnl 1948 Richardson, Queen, and Bishop advocated washing the stomach
several times with 80 cc. of normal saline (1) after the administration of an
Ewald meal, (2) after the admimstration of an alcohol histamine meal, or (3)
on the fasting empty stomach, To the washings were added an equal volume of 10
per cent formahn and sufficient aqueous picric acid solution to precipitate the
protemn and solidify the mucus. The matenal was fixed for four hours; the super-
natant fluid was decanted, and the residue was filtered through a porous paper.
The precipitate was then treated as a piece of tissue and stamed with bema-
toxylin, orange G, and eoswn, They studied a total of 78 patients, 27 of whom had
carcinoma. A positive cytologic diagnosis was made in 13 of these cases or 48.1
per cent.

Ulfelder, Graham, and Meigs in September 1948 reported on an eatension of
their previous studies They increased the number of openings in a No. 14 Levin
tube, introduced it into the stomach, asked the patient to drink tap water, and
evacuated the stomach as completely as possible. Following this 100 ce. of normal
saline was injected and the patient was placed m several positions. The saline
was then withdrawn and reinjected several times and finally the stomach was
emptied. Both specimens were centrifuged and the sediment smeared, fixed, and
stained by the Papanicolaou method. Of the 48 patients studied there were 14
cases of carcinoma of the.smmach, 12 of which were diagnosed as positive by the
smear technic, A diagnosis of carcmoma was made in one additional patient who

Jinically had no d rable lesion, and the smears were called negative in one
patient with malig lympl of the 1

Swartz and co-workers in December 1948 advocated a
fasting stomach, making thick smears of the as
the Papanicolaou method. They examined a t
these had carcinoma of the stomach. A posttiv
m 35 per cent, while a false positive report wi

gastric gavage on a
prrated contents, and staming by
otal of 175 patients, Thirty-five of
€ cytologic diagnosis was rendered
as rendered in 10 per cent,

CANCER OF THE RECTUM
Although we have examined several smear:
5 s from rectal lesi
cases of carcinoma. We have not, however, made any sh'em’xzr\;ss, :gu}'lt:‘f h; "
C:\r(':lfl?mn by .t}us means, In December 1948 Mackenzie and Hecht re, o deteu
positive case in which they made smears of material aspirated fromp:r:te .
UnPI’E—
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pared rectum by means of a bulb pipette, The patient had carcinoma of the
rectosigmoid junction,

CANCER OF THE BREAST

In recent years we have examined sccretions from the nipple in only one case.
Neoplastic cells were present and the lesion was later diagnosed as duct papil-
loma. To our knowledge the current hiterature contains only one paper on this
subject—that of Jackson and Severance published in 1946. They gently eapressed
secretions from both mipples, prepared smears in a manner similar to making
blood films, drted them m air and stained them with Wright's stain. In 584 pa-
tients examined the secretions showed tumor cells and papilloma or carcinoma
was found at operation in 74.5 per cent, while the secretions showed tumor cells
and no papilloma or carcinoma was found in 25.5 per cent.

CANCER OF THE CENTRAL NERVOUS SYSTEM

We have examined about 12 specimens of cercbral spinal fluid in cases of
1 metastahe i to the bram, but in none have we been able to
isolate neoplastic cells.

CANCER IN SEROSAL LINED CAVITIES

COLLECTION OF MATERIAL

Effusions and exudates from scrous cavities are obtained by paracentesis. 1
the quantity obtained is small it may be centrsfuged immediately, but if it is
large 1t is desirable to allow the matenial to stand in the icebox for several hours.
By so doing the cellular elements gravitate to the bottom and the unnecessary
supernatant fuid can then be decanted. In either case the sediment after cen-
tnfuging is smeared and stained in the usual manner. In order to moake the cells
adhere to the shdes more closely, the shdes may first be covered wth a thin layer
of albumin One great difficulty n handling fluids is the spontaneous coagulation
which sometimes occurs. This may be nunimized by immediately transferring the
collected material to the icebox rather than allowing it to stand at room tempera-
ture or, if desired, by adding some anticoagulant. Coagulation, however, does not
occur as a rule before some of the cellular elements have had an opportumty to
gravitate to the bottom In such cases, therefore, some of the material from the
bottom of the receptacle may still be adequate for examination.

NoN-NEOPLASTIC CELLS

Inflammatory cclls that are found in serous effusions and exudates are no dif-
ferent from similar cells found in bronchial secretions or elsewhere. Mesothelial
cells, b , may on fon be taken for plastic cells. Ordinanly they
are found singly or in groups of not more than two or three. Each cell 1s usually
14 to 20 microns in diameter. The borders are sharp, the cells are round or
polyhedral, and the cytoplasm stamns a umform Dluish-gicen. The nucler are
round or oval, sharply dehneated, evenly staned, centrally placed, umform in
appearance, and, as a rule, contain nucleoli. Usvally a single nuclevs is found
within one cell, but sometimes two or even three nuclei may be present. Occa-
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sionally mesothelial cells are of gigantic proportions and the nuclei are relatively
larger than usual. Their resemblance, therefore, to neoplastic cells may be quite
striking, Even in such cases, however, there is a certain unifarmity aof cellular
structure that is not encountered in cases of carcinoma, Of the other clements
found 1 serous flutds Bbrin is the most important and, of course, is easily identifi-
able.

NEeorrastic CeLLs

It is virtually unpossible to describe the appearance of neoplastic cells in
smears of serous fluids in the space allotted here because such cells can be
found secondary to all types of carcinoma anywhere in the body. They are, there-
fore, most vanform. In general the same criteria hold here as elsewhere, namely,
varations m size, shape, and staiming qualities of the cytoplasm and the nuclei

(Fig 7).

Fic. 7.~A group of neoplastic cells encountered in pleural Buid from a patient with carcmoma
of the breast The cytoplasm is scanty and il defincd, The nucler are wregular and hyper-
chromatic. X400

Resvrts

Although we have examined 336 different serous fluids to date, we have not
yet had the opportumty to compule statistics, In the group, however, we have had
many cases of carcinoma and most organs of the body have been represented.
Farmerly we employed the cell block techmc of Mandlebaum, but because the
smear method 1s much simpler and because we feel that the results are com-
parable we have discarded it in favor of the Papanicolaou method.

CoMMENTS

To our -knowledge, the only recent paper to appear on the examination of
serous fluid by the smear method is that by Saphir. He examined the fluid as
soon as 1t was collected. Centrifugalization was carried out at 1700 r.p m. Smears
were made of the sediment with u platinum loop an slides that were previousk
cu:\'(cd with egg a[bm’nm and were stained by the Papanicolaou method, Giem a'y
s(lum, ;lmd I}exnntox)llllxn and eosm. He examined 175 flyids, 73 coming’ from ih;
plenral cavity and 102 from the pentoneal cavi is

y avity. In this group there w

! ! ? ere
cxsfs ofIc:.gcmom:.x, 37 of which were diagnosed correctly b% thg examinatio; ‘&43
:x;;tr: dn ng;:’mm‘ cases in which carcinoma was present a doubtful d;ag s

vas yendered. There were, therefore, twy ivi i
e o There were, » two false negative reports. An overdiagnosis
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CONCLUSIONS

From our expeniences with the smear technic in the diagnosis of carcinoma we
may draw the following conclusions:

(1) Positive results in the hands of a competent and cautious observer are just
as reliable as are positive results rendered from the study of histologic sections,

(2) Negatwve results do not mean that the patient 1s free of carcinoma.

(3) The method has 1its greatest apphcation in carcinoma of the lung, female
gemml tract, and serous cavitics

(4) So far as we are concerned, the procedure has proved only of confirmatory
value in carcinoma of the prostate.

(5) In our hands examination of gastric contents for neoplastic cells has not
been satisfactory and the technic has, thercfore, been discontinued.
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Diaphragmatic Hernia
STUART W, HARRINGTON, M.D.

IAPHRAGMATIC HERNIA i a general term and is often used to designate any
condition in which there is protrusion of abdominal viscera into the
thoracic cavity or of thoracic viscera into the abdominal cavity (rare) through
an abnormal or defective opeming in the structure of the diaphragm. These
abnormal or defective openings may be attributed to congenital structural de-
ficiencies of the diaphragm or they may be caused by traumatic Jaceration or
penetration or by mflammatory necrosis of the normal diaphragm. Many of these
hernias have a sac as one of their component parts and may be termed “true
hernias,” but many do not have a sac and may be called “false hernias” or
probably more properly “eviscerations ” The accurrence of herniation of abdomi-
nal viscera through the diaphragm 15 not uncommon but is relatively infrequent
when it is compared with the frequency of occurrence of herniation through
the abdominal wall, as more kinds of herma occur through the diaphragm than
through the other walls which encase the abdominal contents. One of the chief
causal factors of different types of diaphragmatic hernia is the unusual em-
bryclogic formation of the diaphragm, which makes it more susceptible to weak
areas through which herniation may occur.

EMBRYOLOGIC ASPECTS

The formation of the diaphragm from embryonic structures is a highly complex
process, because its muscular elements are derived from different sources. There
15 difference of opinion among embryologists as to the amount of diaphragm
derived from each embryonic source.

The anterior, lateral, and central parts, which comprise the greater portion of
the diaphragm in the adult person, are formed from the transverse septum and
fused ventral mesentery. The remaining posterolateral portion is formed by the
fusion of the dorsal mesentery and the mesoderm derived from the receding
wolffian body, and the pleuropentoneal membrane derived from the pulmona
ridge. It is difficult to determme the exact amount of the muscle tissue which rx}sl
derived from each of these structures, since considerable variation probabl;
occl:rs' durixhg the p‘mcess, but it is likely that the dorsal mesentery forms th>e,
posterior and central portions whi i i
B el e qpd cen mepmccdmg » ich contain the esophageal opening. The meso-

p]eumpenlonc‘al membrane grows ventrally, closes the Temaining opening be-
tween the peritoneal celom and the pleural celom by fusion with the trans%erse
septum, and forms the lateral portion of the diaphragm.

213
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Failure of fusion or failure of proper deposition of the mesoderm at any one
of these adjacent points of union may result in congenital continuity of the
pleural and peritoneal cavities or a congenitally weak portion in the diaphragm
at any of these pomnts. Consequently, from an embryologic standpoint, weak
portions might be expected to appear at the points of fusion of these different
structures. These portions are situated dorsolaterally at the pleuropentoneal
fissure (foramen of Bochdalek); also through the outer crus and through the
esophageal opening Hermation through the dome 1s common, but cannot be
explained on the foregoing basis because the dome, embryologically, is not a
fusion region Such a hernia may be the result of excessive degencration of the
muscle mn the formation of the central tendon or of some pathologic condition.
Unilateral absence of the diaphragm probably is the result of the faillure of
development of the pleuropenitoneal membrane, which usually is found as a
narrow ridge of tissue along the posterior wall of the thorax.

CONGENITAL o~ EMBRYOLOGIC ASPECTS OF NONTRAUMATIC FIERNIA AND DIAPHRAG-
MaTIiC DEFECTS

Diaphragmatic congenital defects and nontraumatic hernia occur much more
frequently on the left side than on the right. The cause undoubtedly is to be
found in the embryomc formation of the diaphragm, Tlis point is a subject of
controversy among embryologists 1 have attempted to show the different states
m the formation of the diaphragm m embryos of various sizes but, to arrive at
any satisfactory conclusions as to why hemia is more likely to occur in these
regions, 1t 1s necessary not only to follow the concomitant changes that occur
in the developing embryo but also to consider the physiologic mamfestations
which are present w the constantly changing organism at the same time.

The septum transversum, from which the anterolateral portion of the diaphragm
of the adult person 1s formed, arises from the mesoderm n the upper part of the
cervical region Its descent 1s gradual in the early embryome weeks, and at
the 5 to 6 mm. stage 1t 1s opposite the fourth and fifth cervical segments, where
1t recerves its mnervation from the branches of the third, fourth, and fifth cervical
nerve roots to these segments (the phrenic nenve). At approaumately the same
penod as that in winch the septum transversum appears (2 to 3 mm.), the
tracheal bud appears from the ventral surface of the esophagus and the lver
buds have grown vertically mto the undersurface of this descending septum.
The anlage of the stomach also has appeared as a definite thickening of the
foregut opposite the fourth cervical segment.

Three important developmental processes occur in embryos of the 5 mm. stage
First, the pulmonary ridge appears as 5 defimte shelf of mesodermal tissue
which forms the pleuropenicardial and pleuroperitoneal membranes. The pleuro-
pericardial membrane closes off the pericardial cavity from the pleural cavity at
about the 10 to 11 mm, stage and does not enter into the formation of the
diaphragm The pleuropentoneal membrane ultunately will help to fill m the
posterolateral portion of the diaphragm. At tlus stage (5 mm.) the pleuropert-
toneal membrane is only a narrow shelf of imesodenmal tissue that Pprojects into
the celom, marking the caudal dividing line of the pleural and pentoneal cavities,
which at this stage are in free communication with each other.
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The second noteworthy change 1s the asymmetric development of the right
and left pulmonary buds, which are at a shghtly lower Tevel than that of the
septum transversum. The right bud grows caudally and posteriorly and an infra-
cardiac bronchus soon develops. The left bud grows almost transversely to the
vertical plane and, because of the presence of enlargement of the left side of the
heart, an mfracardiac bronchus does not develop. This process places the left
lung at a somewhat higher level than the right lung.

The third change occurring at this period is the increased activity in the
development of the midgut, which, previous to this period, has been practically
a straight tube. It begms to clongate, with angulation toward the umbilicus from
a cephalic and caudal limb of this portion of the intestinal tract.

On the basis of the foregoing it is seen that at this early period in the de-
velopment of the embryo, the cavity of the body 1s beginning to divide mto
two main cavities, the peritoneal cavity and the pleural cavity, by an incomplete
shelf of fetal muscular tissue denved from several sources. Ventrolaterally, this
shelf is called the “transverse septum”; dorsally, the less well developed meso-
dermal shelf 1s called the “pleuroperitoneal membrane.” The intestinal tract with
its dorsal mesentery and the wolflan body eatend mto the celom i a dorso-
mesial position. At this stage, there is free communication between the two
cavities, this opening may be termed the “pleuropentoneal hiatus.” In the 7 mm.
embryo, the transverse septum with the pleuropentoneal membrane begms to
migrate caudally, rapidly passmg the pulmonary buds and the anlage of the
stomach, placing the greater portion of the lung in the pleural cavity and the
anlage of the stomach partially above the diaphragm.

In the 9.4 mm. embryo, the liver has become firmly anchored to the right
dorsal wall of the body of the plica vena cava. The midgut begins to grow more
rapidly and the yolk sac disappears. This action frees the intestine from the
umbalicus and rotation of this segment of bowel begins

In the 11 mm embryo, the stomach, which has been practically stationary, now
follows rapadly behind the descending septum transversum, and i the 17 mm.
embryo 1t has virtually reached its permanent position This descent is made
possible by the sudden elongation of the esophagus. During this descent the
nght and left dorsopleural recesses are converted into bursae which surround
the cardia. 'The left bursa usually disappears and the nght bursa, when well
developed, is known as the “infracardiac bursa” and bears a definjte relationship
Eee:)g);:ﬁ?::ﬂh:nfa. Ttkaboult this period (11 mm.) a'physiologic alteration
h nal ;gl:onr aai ;s E ace The' c;lom has' not increased enough in size
O augmem:d l? N \:hn;: I:ue taking place withmn its walls and
liver grows downward {md (S 95?;“ oy o, As Mall stated: “Since the
intestine must escape 1t af it ;:’a“ \ ‘;PO“ the rapdly elong'atmg intestine, the

wnibilical cord mll iy e s a chance and the cuelomic space withm the
aturally recenes it.” This pl R “ . B
wmbilical hermation.” - 's phenomenon, known as phys:ologlc
! ,” provides a reservoir for the abdomal contents until the
penitancal cavity has grown sufficiently to store its own contents T} i
intestine is restored to the abdomi; s The herniated
ominal cavity by th .
wall past the fixed mesentery of the i . y- he growth of the abdominal
Ty of the intestines. This physiologic hemniation begins




214 MONOGRAPHS ON SURGERY

Failure of fusion or failure of proper deposition of the mesoderm at any one
of these adjacent points of union may result in congenital continwty of the
plenral and pentoneal cavities or a congenitally weak portion in the diaphragm
at any of these points. Consequently, from an embryologic standpoint, weak
portions might be expected to appear at the pomts of fusion of these different
structures, These portions are situated dorsolaterally at the pleuroperitoneal
fissure (foramen of Bochdalek); also through the outer crus and through the
esophageal opeming. Herniation through the dome is common, but cannot be

P! d on the foregomg bass ¢ the dome, embryologically, is not a
fusion region. Such a hernia may be the result of excessive degeneration of the
muscle in the formation of the central tendon or of some pathologic condition.
Unilateral absence of the diaphragm probably is the result of the failure of
development of the pleuroperitoneal membrane, which usually is found as a
narrow ridge of tissue along the postenior wall of the thorax.

CoNCENITAL on EmpiryoLocic Asprcts oF NonTrAuMATIC HERNIA AND Diarinac-
»zaTic DeFrcts

Diaphragmatic congenital defects and vontraumatic hernia occur much more
frequently on the left side than on the right. The cause undoubtedly is to be
found in the embryonic formation of the diaphragm. This point is a subject of
controversy among, embryologists. I have attempted to show the different states
in the formation of the diaphragm in embryos of various sizes but, to arrive at
any satisfactory conclusions as to why hernia is more likely to occur in these
regions, 1t is necessary not only to follow the concomitant changes that oceur
in the devcloping embryo but also to consider the physiologic mamfestations
which are present in the constantly changing orgamsm at the same time,

The septum transversum, from which the anterolateral portion of the diaphragm
of the adult person 1s formed, ariscs from the mesoderm n the upper part of the
cervical region. Its descent is gradual in the early embryonic weeks, and at
the 5 to 6 mm. stage it is opposite the fourth and Sfth cervical segments, where
1t recetves 1its inncrvation from the branches of the third, fourth, and §ifth cervical
nerve toots to these segments (the phremc nerve). At approaimately the same
period as that in which the septum transversum appears (2 to 3 min.), the
tracheal bud appears from the ventral surface of the esophagus and the hver
buds have grown vertically into the undersurface of this descending septum.
The anlage of the stomach also has appeared as a defivite thickening of the
foregut opposite the fourth cervical segment,

Three important developmental processes occur in embryos of the 5 mm. stage.
Furst, the pulmonary ndge appears as a defimte shelf of mesodermal tissue
which forms the pleuropericardial and pleuropentoneal membranes. The pleuro-
pernicardial membrane closes off the penicardial cavity from the pleural cavity at
about the 10 to 1) mm. stage and does not enter into the formation of the
draphragm. The pleuropenitoneal membrane ultimately will help to fill in the
posterolateral portion of the diaphragm At this stage (5 mm.) the pleuropen-
toneal membrane is only a narrow shelf of mesodennal tissue that projects nto

the celom, marking the caudal dividing hne of the pleural and peritoneal cavitics,
which at this stage are in free communication with each other,



DIAPHRAGMATIC HERNIA 215

The second noteworthy change is the asymmetric development of the right
and left pulmonary buds, which are at a slightly lower fevel than that u'f the
septum transversum. The right bud grows caudally and posteriorly and an infra-
cardiac bronchus soon develops. The left bud grows almost transversely to the
vertical plane and, becayse of the presence of enlargement of the left side of the
heart, an infracardiac bronchus does not develop. This process places the left
lung at a somewhat higher level than the right fung,

The third change occurring at this period is the increased activity w the
development of the midgut, which, previous to this period, has been practically
a straight tube, It begins to clongate, with angulation toward the umbilicus fram
a cephalic and caudal limb of this portion of the intestinal tract.

On the basis of the foregoing it is scen that at this early period in the de-
elopment of the embryo, the cavity of the body is beginning to divide into
two main cavities, the peritoneal cavity and the pleural cavity, by an incomplete
shelf of fetal muscular tissue derived from several sources, Ventrolaterally, this
shelf is called the “transverse septum”; dorsally, the less well developed meso-
dermal shelf 15 called the “pleuroperitoneal membrane.” The intestinal tract with
its dorsal mesentery and the wolffian body eatend into the cefom n a dorso-
mesial position. At this stage, there is free communication between the two
cavities; this opening may be termed the “pleuroperitoneal hiatus.” In the 7 mm.
embryo, the transverse septum with the pleuropentoneal membrane begins to
migrate caudally, rapidly passing the pulmonary buds and the anlage of the
stomach, placing the greater portion of the lung in the pleural cavity and the
anlage of the stomach partially above the diaphragm.

In the 94 mm. embryo, the liver has become firmly anchored to the right
dorsal wall of the body of the plica vena cava. The midgut begins to grow more
rapidly and the yolk sac disappears. This action frees the intestine from the
umbilicus and rotation of this segment of bowel begins,

In the 11 mm. embryo, the stomach, which has been practically stationary, now
follows rapidly behind the descending septum transversum, and in the 17 mm.
embryo it has virtually reached its pesmanent position. This descent is made
possible by the sudden elongation of the esophagus. During this descent the
right and left dorsopleural recesses are converted mto bursae which surround
the cardia The left bursa usually disappears and the right bursa, when well
developed, 15 knowfx as the “infracardiac bursa” and bears a definite relationship
:xeeslp;ag?al hernia. At about this period (11 mm.) a physiologic alteration in

al omm‘a] region takes place. The celom has not mereased enough in size
t:hich e ;;:dl;et:;(;’agndm;‘ d which are taking place within its walls and
liver grows jl;own\vard ):md eSCgm of the Scphuf\. As Mall stated: "Since the
Itestne tst onom st if itﬂl'ow s u}fxm the rapidly elong.ah'ng intestine, the
i nau?mll recei‘ms :: ”c aII:Ce and the coelomic space within the
umbulical herniation,” );ovxd i T s phenomenon, known as “Ph)'m’logif-‘
perntoneal canty ha; ,P es a resenvoir for ﬂfe abdominal contents until the
! neat grown sufﬁcleully to store its own contents The hemiated
mtﬁtme lshrestared to the abdominal cavity by the growth of the abdominal
wall past the fixed mesentery of the intestimes. This physiologic herniation begins
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Failure of fusion or failure of proper deposition of the mesoderm at any one
of these adjacent points of union may result in congemtal continmty of the
pleural and peritoneal cavities or a congenitally weak portion in the diaphragm
at any of these points. Consequently, from an embryologic standpoint, weak
portions might be eapected to appear at the pomts of fusion of these dilferent
structures. These portions are situated dorsolaterally at the pleuropentoneal
fissure (foramen of Bachdalek); alwo through the outer crus aud through the
esophageal opening. Herniation through the dome is common, but cannot be
explained on the foregomg basis because the dome, embryologically, is not a
fusion region Such a hernia may be the result of excessive degencration of the
muscle in the formation of the central tendon or of some pathologic condition.
Unalateral absence of the diaphragm probably 1s the result of the falure of
development of the plenroperitoncal membrane, which usually is found as a
narrow ridge of tissuc along the posterior wall of the thorax.

CoNGENITAL OR EMBRYOLOGIC ASPLCTS OF NONTRAUMATIC HERNIA AND DIAPHRAG-
MATIC DOFLCTS

Diaphragmatic congenital defects and nontraumatic hernia occur much more
frequently on the left side than on the right. The cause undoubtedly is to be
found in the embryomc formation of the diaphragm. This point is a subject of
controversy among embryologists. I have attempted to show the different states
in the formation of the diaphragm in embryos of various sizes but, to arrive at
any satisfactory conclusions as to why hernia is more hkely to occur in these
regions, 1t 15 necessary not only to follow the concomtant changes that occur
in the developing embryo but also to ider the physiologi if n:
which are present in the coustantly changing organism at the same time.

The septum transversum, from which the anterolateral portion of the diaphragm
of the adult person is formed, arises from the mesoderm in the upper part of the
cervical region Its descent is gradual in the early embryonic weeks, and at
the 5 to 6 mm. stage it 1s opposite the fourth and £ifth cervical segments, where
1t receves its imnervation from the branches of the third, fourth, and fifth cervical
nerve roots to these segments (the phremc nerve). At approsimately the same
period as that m which the septum transversum appears (2 to 3 mm.), the
tracheal bud appears from the ventral surface of the esophagus and the lver
buds have grown vertically into the undersurface of tins descending septum.
The anlage of the stomach also has appeared as a defimte thickenmg of the
foregut opposite the fuurth cervical segment.

Three important developmental processes occur m embryos of the 5 mm. stage.
First, the pulmonary ridge appears as a defimte shelf of mesodermal tissue
which forms the plemiopencardial and pleuropenitoneal membranes. The pleuro-
pencardial membrane closes off the pencardial cavity from the pleural cavity at
about the 10 to 11 mm, stage and does not enter into the formation of the
diaphragm. The pleuropentoneal membrane ultimately will help to fill m the
posterolateral portion of the diaphragm. At this stage (5 mm.) the pleuroperi-
toneal membrane 15 only a nariow shelf of mesodennal tissue that projects wito
the celom, marking the caudal dividing hine of the pleural and peritoneal cavities,
which at this stage are m free communication with each other,
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The second noteworthy change is the asymmetric development of the right
and left pulmonary buds, which are at a slightly lower Jevel than that u‘f the
septum transyersum. The right bud grows caudally and posteriorly and an infra-
cardiac bronehus soon develops. The left bud grows almost transversely to the
vertical plane and, because of the presence of enlargement of the Teft side of the
heart, an infracardiac bronchus does not develop. This process places the Teft
lung at a somewhat lgher Tevel than the right lung,

The third change occurring at this period is the increased activity in the
development of the midgut, which, previous to this period, has been practically
a straight tube. It begius to clongate, with angulation toward the umbilicus frem
a cephalic and caudal limb of this portion of the intestinal tract.

On the basis of the foregoing it is scen that at this carly period in the de-
velopment of the embryo, the cavity of the body is beginning to divide into
two main cavitics, the peritoncal cavity and the pleural cavity, by an incomplete
shelf of fetal muscular tissuc derived from several sources. Ventrolaterally, this
shelf is called the “transverse septum”; dorsally, the less well developed meso-
dermal shelf is called the “pleuroperitoncal membrane.” The intestinal tract with
its dorsal mesentery and the wollfian body extend iuto the celom in a dorso-
mesial position. At this stage, there is free communication between the two
cavities, this opening may be termed the “pleuroperitoneal hiatus.” In the 7 mm,
embryo, the transverse septum with the pleuroperitoneal membrane begins to
mugrate caudally, rapidly passing the pulmonary buds and the anlage of the
stomach, placing the greater portion of the lung in the pleural cavity and the
anlage of the stomach partially above the diaphragm.

In the 9.4 mm. embryo, the liver has become firmly anchored to the right
dorsal wall of the body of the plica vena cava. The midgut begins to grow more
rapidly and the yolk sac disappears. This action frees the mtestine from the
umbilicus and rotation of this segment of bowel begins.

In the 11 mm embryo, the stomach, which has been practically stationary, now
follows r?pldly b.ehind the descending septum transversum, and in the 17 mm.
embryo it has virtually reached its permanent position. This descent is made
possible by the sudden elongation of the esophagus. During this descent the
night and left dorsopleural recesses are converted into bursae which surround
the cardia. The left bursa usually disappears and the right bursa, o
developed, 15 known as the “mnfracardiac bursa” and bears
to esophageal hern.la. At about this period (11 mm.) a physiolegic alteration i
the abdomunal region takes place. The celom has not ncreased e h in si: .
to date the rapid ch which are taking pl g 1 size
which place within its walls and

are augmented by the descent of the septum. As Mall stated: “S;,

liver grows downward and crowds upon the rapudly elon :-a'e.: Since the

mntestine must escape 1t 1f it has a chance and the ycoelo ‘g“ e mh:stm‘e > the

umbnlical cord naturally 1ecerves 1t.” This phenomen k”m R ibin the
umbilical herniation,” provides a reservorr for th o s Physio]ogic
8 he abdominal t

pentoneal cavity has grown sufficiently to store its ow ot until the

mtestine 15 restored to the abdomnal cavity by th I: contents. The hemiated

wall past the fixed mesentery of the intestu 34 T])'. e L,T.O\vth of the abdominal
es. This plxysmlogic herniation begins

when well
a definite relationship
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Failure of fusion or failure of proper deposition of the mesoderm at any one
of these adjacent pomnts of union may result in congemtal continuity of the
pleural and peritoneal cavities or a congemtally weak portion in the diaphragm
at any of these points. Consequently, from an cmbryologic standpoint, weak
portions might be eapected to appear at the points of fusion of these different
structures, These portions are situated dorsolaterally at the pleuroperitoneal
fissure (foramen of Bochdalek), also through the outer erus and through the
esophageal opening, Hernation through the dome 1s common, but cannot be
explained on the foregomg basis because the dome, embryologically, is not a
fuston region. Such a hernia may be the result of excessive degeneration of the
muscle in the formation of the central tendon or of some pathologic condition.
Unilateral absence of the diaphragm probably is the result of the farlure of
development of the pleuropentoneal membrane, which usually is found as a
narrow ridge of tissue along the posterior wall of the thorax.

CONGENITAL OR EMBIYOLOGIC ASPECTS OF NONTRAUMATIC HERNIA AND DIAPIRAG-
MATIC DEFECTS

Diaphragmatic congenital defects and nontraumatic herma occur much more
frequently on the left side than on the right. The cause undoubtedly is to be
found in the embryonic formation of the diaphragm. This point is a subject of
controversy among embryologists. I have attempted to show the different states
in the formation of the diaphragm in embryos of vanwous sizes but, to arrive at
any satisfactory conclusions as to why hernia is more likely to occur in these
regions, 1t is necessary not only to follow the concomitant changes that occur
m the developing embryo but also to consider the physiclogic mamfestations
which are present in the constantly changng orgamsm at the same time.

The septum transversum, from which the anterolateral portion of the diaphragm
of the adult person is formed, anses from the mesoderm m the upper part of the
cervical region, Its descent is gradual m the early embryonic weeks, and at
the 5 to 6 mm. stage it is opposite the fourth and fifth cervical segments, where
it receives its mmervation from the branches of the third, fourth, and fifth cervical
nerve roots to these segments (the phremc nerve). At approxmately the same
penod as that in which the septum transversum appears (2 to 3 mm.), the
tracheal bud appears from the ventral surface of the esophagus and the liver
buds have grown vertically into the undersurface of this descending septum
The anlage of the stomach also has appeared as a definite thickening of the
foregut opposite the fourth cervical segment.

Three important developmental processes occur in embryos of the 5 mm stage.
First, the pulmonary ridge appears as a definte shelf of mesodermal tissue
which forms the pleuropenicardial and pleuropentoneal membranes. The pleuro-
penicardial membrane closes off the pericardial cavity from the pleural cavity at
about the 10 to 11 mm. stage and does not enter mto the formation of the
diaphragm. The pleuropenitoneal membrane ultimately will help to fill in the
posterolateral portion of the diaphragm. At this stage {5 mm ) the pleuroperi-
toneal membrane 1s only a narrow shelf of mesodermal tissue that projects mto
the celom, marking the caudal dividing lne of the pleural and penitoneal cavitics,
which at this stage are in free communication with each other.
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covers the greatest are, There are often arcas devoid of muscular tissue situated
between the individual bands that acise from the wall of the thorax.

The lumbar portion of the diaphragm asises from the bodies of the lumbar
vertebrae and cousists of three erura on each side: the inner, middle, and outer
crura, The inner crus is much the strongest of the group aud arises from the
anterior surface of the third and fourth lumbar vertebrae. The greater portion of
the inner crus is muscular but the inner margins scon become tendinous and unite
at the level of the 12th thoracic vertebra, This arch, with the bodies of the 12th
thoracic and first lumbar vertebrae, forms a canal far the passage of the aorta and
thoracic duct. This is called the “aortic opening’; it is in reality not an opening
through the diaphragm but is situated entircly behind the diaphragm. The eso-
phageal hiatus is anterior to, and a little to the left of, the aortic opening. It is
entirely surrounded by museular tissue and is formed by the decussation of the
crura on a level with the 10th thoracic vertebra. It transmits the esophagus and
jts vessels and the two vagi nerves. The middle erus arises from the lateral surfaces
of the body of the second lumbar vertebra; it is separated posteriorly from the
inner crus by narrow slits which transmit the greater and lesser splanchnic nerves
of cach side, and the left crus transmits the vena azygos minor. The vena azygos
major traverses either the aortic opening or the right crus. The outer crus arises
from the internal and eaternal lumbocostal arches {arches of Haller), which arch
over the psoas and quadratus lumborum muscles posteriorly.

The Jateral lumbar portion of the diaphragm arises chiefly from the inner lum-
bocostal arch, with only a few fibers ansing from the external lumbocostal arch.
There is usually a triangular-shaped space of muscular deficiency between the
outer crus of the lumbar portion of the diaphragm, the last dar part of the
costal portion of the duphragm and the 12th nb. The apex of the triangle is
curved upward and forward toward the tendinous portion of the diaphragm. The
base is turned downward and somewhat backhward and rests partly on the 12th
ub, but sometimes it extends in front of the body of the psoas muscle. The borders

of tbis'hiatus are muscular and are of more or less sphincter-like construction. The
space is closed by a membrane, which consists of two sheaths: the upper sheath
comes from the plenra and the lower sheath is thin and is 2 continuation of the
thac fascia, This space was first described by Bochdalek, in 1848, and has b
named the foramen of Bochdalek, ’ ’ cen

The central tendon of t.he fiiaphragm is reniform, with the central portion
shghtly curved and extending into the dome, of which the greater portion i
the right side. At the base of this right portion and entirely within thg t l:))n is on
large quadrilateral foramen which gives passage to the inferior ven: - ‘On e
opening is on a level with the disk between the eighth and ninth thorea: C‘i‘\ a. This

’-l'i}e diaphragm receives its motor innervation fro ic vertebme.
originates from the fourth and sometimes thro
fifth cervical nerves This cervical orig
due to the embryonic derivation of th

oth motor and sensory Bbers but N
zgre;e that tg; phrenic nerve 15 the chief, if not the only, :‘m‘;ﬂ: anatomists
iaphragm. e ' enve fi
phrag) presence of some afferent sensory nerve fibers in the p}:)re:]hiz

m the phrenic nenve, which
T ugh branches from the third and
in of the innervation of the diaphragm is
e diaphragm from cervical myotomes which

These nerves orig-
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m the 11 mm, embryo, 1s well developed in the 22 mm, embryo, and starts on its
way toward voluntary reduction in about the 35 mm. embryo.

During this period of greater activity in the abdominal celom, the diaphragm
is incompletely formed and the pleuroperitoncal hiatus is patent. The closure takes
place on the right side frst in about the 17 or 18 mm. embryo and on the left
side in about the 19 or 20 mm. embryo. The left side of the liver has largely
disappeared and the whole organ has rotated to the right and fused with the right
wall of the body, protecting to a great etent the right half of the dphragm
and probably aiding its more rapid completion. The stomach has seached its
permanent site below the diaphragm before the Ieft half of the diaphragm is
closed. Thercfore, the pleuroperitoncal hiatus, patent on the left side, is in direct
contact with the rapidly forming and constantly changing hollow viscera during
this period of physiclogic umbilical herniation,

It would seem that this time of the incomplete closure of the diaphragm m
relationship to multiple rapid changes which are taking place in the embryo 1s
of great importance m the preponderance of left-wded congemtal defects. To
recapitulate, these changes consist of: (1) occurrence at this time of the normal
physiologic umbilical herniation, (2) patency of the hiatuses connecting the peri-
toneal and pleural cavities, (3) sudden descent of the diaphragm, a descent which
is considerably in advance of the descent of the stomach, (4) shift of the Iver
to the right because of anchorage and degeneration of the left lobe from vasculu
change and pressure, (5) presence of hollow mobile viscera on the left side, (6)
elevated position and smaller size of the left lung, (7) rotation of the stomach
to the left, and (8) presence of bursac at the esophageal opening,

On the basis of the foregoing material it is seen that embryonic herniation
would occur most commonly in the 11 to 20 mm. embrye. Congenital hernjation
of somewhat later formation can be eplained on many of the same grounds, It
is the result of failure of parts of the diaphragm to mature, or of excessive de-
generation of muscular elements in the formation of the central tendon.

ANATOMIC ASPECTS

The daphragm s a smgle, independent, dome-shaped muscle ansing from
the aircumference of the lower part of the thorax. The diaphragm when 1t 1s
normally formed, completely separates the abdommal and thoracic cavities. The
muscular structure of the diaphragm in the adult person 1s dwvided into three
portions, namely, the sternal, costal, and lumbar portions according to the
origin of each. The sternal portion is the weakest and the lumbar 1s the strongest.
All three portions are mserted 1nto the margm of a central tendon. The sternal
portion consists of a few slender fasciculi ansing from the posterior surface of
the xiphoid process. There are muscular deficiencies on each side of the process
filled with areolar tissue and covered with pleura and pentoneum through which
the supenor deep epigastric vessels pass These deficiencies are called the “fora-
mina of Morgagni” or “Larrey’s spaces.” The costal portion of the diaphragm
forms the mamn part of the dome of the diaphragm and anses by broad bands of
muscle from the lower six costal cartilages and from the 11th and 12th nbs,
interdigitating with the transversalis muscles, This portion of the diaphragm
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nerve will explain the presence of referred pain in the neck, which is often asso-
ciated with disoiders of the duphragm, Some anatomists are of the opinion that
the periphieral part of the diaphragm recen es some degree of motor innersation
from the lower intercostal nerves

The encular muscle bundles of the esophageal hiatus are mnervated chielly by
the phrenic nerve of the same side, regardless of whether the muscles originate
from the crus of the same side or from that of the opposite side. There also may be
some degree of cross mneivation from the phrenic nerve on the opposite side.

In considering the normal relationship between the esophageal hiatus and the
lower end of the esophagus and cardia, I wish to mention agam the fact that the
esophageal hiatus is normally situated to the left of the medial line, at the Jevel of
the upper berder of the tenth thoracic vertebra, in the dorsal part of the dome of
the diaphragm

Esophageal hiatus Subcostosternal  Pleuroperitoneal hiatus
(Foramen of HMorgagni)
-

/ et

Congemital absence  Thaumatic Jaceration Inflammatory mcposmf

Fic 1 —Congomtal structural defects and traumatie lacerations of the diaphragm which cause
the commoner types of duphragmatic hcraia,

The muscular elements that form the muscular ning of the luatus usually orig-
ate from the median portion of the right crus but the luatus may be formed by
the crossing of both right and left crura after they have united m fiont of the aorta
to form the aortic onfice (Fig 1) This ring of muscle of the hiatus loosely
approaimates the lower end of the esophagus but is not directly attached to t.

DIAPHRAGMATICO-ESOPHAGEAL MEMBRANE

Fuxation of the diaphragm to the lower end of the esophagus and to the cardia
of the stomach is obtained by the diaphragmatico-esophageal membrane. Ths
membrane consists of elastic and fibious tissuc origmating m the fascial coverings
of the diaphragm, mostly those of the abdominal side but partly those of the
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thoracic side of the diaphragm (Figs. 2, 3, and ). This elastic and fibious mem-
brane has its origin lateral to the musculm ring of the hiatus, over which it passes,
with slight attachments, to fill the space between the inner margin of the muscle
and the esophagus; 1t is inserted into the Jower 2 or 3 em. of the esophagus and
mto the upper 1.5 to 2 em. of the stomach, in a fanlike manner. This elastic and
fibrous membrane constitutes a flexible connection between the diaphragm,
esophagus, and cardia, and permits of a certain amount of mobility during the act

ESOPHAGEAL HIATUS HERNIAS

sopl
Exophogus

Poro-esophageal Q i b

PULSION TYPE HIATUS HERNIAS

(Incompetent hiatus)

Para-esophageal €

Fic 4.—Different types of esophageal hiatus herias (@) Esophageal v
hermiation of the cardiac end of the ls;tnmndt through the e(soz)lmge:ﬁ lu%tus, ]:Il\a(:u:sohl:nrl:s :;“h
normal positon (para-esophageal herma) () Esophageal hiatus hemta m whath Shors o
herniation of the greater portion of the stomach through an enlarged esophageal hiatus it etl“
postenor mediastinum and assocated elevation of the esophagus () Slight protrusio ([) }:e
cardia of the stomach through the hiatus with shight elevation of the lower partlt))f the esr; l; e
to the upper margin of the esophageal luatus This 15 a pulsion type of hernia due t F oo
ompetent huatus (.:1)L Protrusion of the cardisc end of the stomach through the cs:pﬂ:g:;i
hiatus, there are marked elevation of the esophagus into th y
mcompetepnt }%mtus. e posterior mediastinum and an

of swallowing and durmg respiratory movements. Its gre:

3 atest stre il
esophageal attachment, where 1t acts as an antagomst t% the Iongl’;:git:allsn)x::s lItS
fibers of the esophagus, preventing these muscles from pulling the cardia of the
stomach through the hiatus 1 of the

The lower part of the esophagus
passes obliquely through it
extends below the hiatus for a varying distancg nf};rom l(])g5 t:ahi g‘le:]h“lg]:: an'c:
.. . R re i

joms the stomach at an angle. This Junction is the true cardia and no

always situated below the diaphmgm rmally is
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included under the term “diaphragmatic hernia” but i which there are no hernial
«aes would mare propeely be termed “eviscerations” or “false hernias.” The pres-
ence or absence of a hernial sac cannot be determined by clinical examination, 1t
can be found anly at operation. 1t is difficnlt or impossible to make most of these
classifications clinically; accordmgly, many of them are of little practical value.
Diaphragmatic hemias are therefore usually classified in three main groups:
(1) congemtal, (2) acqured, and (3) traumatic.

From a clinical and surgical standpoint, the history of a preceding injury is
liclpful in establishing the diagnosis and in determining the type, urgency, and
prognosis of the operative treatment. Because of the practical chinical and surgical
sigmficance of trauma as an etiologic factor, I have suggested that diaphragmatic
hernia be classified into two main groups: nontraumatic and traumatic. 1 have
subdivided these two groups according to the various types.

Nontrauvsatic Hrnnia

A nontraumatic diaphragmatic hernia may be congenital or acquired. If it is
congenital, the hernia is attributable to embryologic deficiency of the diaphragm
or esophagus and usually does not have a hernal sac. If the hemia is acquired
after birth, 1t usually has a hernial sac and 15 most commonly situated at the
esophageal hiatus, the subcostosternal region (foramen of Morgagni) or the pos-
wrocostal region (foramen of Bochdalek). The commonest sites of congenital
hermas, m the probable order of frequency of occurrence, are (1) through the
gap left by partial absence of the diaphragm, (2) through the pleuroperitoneal
hiatus, these areas of deficiency of the diaphragm being 1 in the posterior
portion of the muscle, (8) through the esophageal hiatus, owing to a deficiency of
the arrcular muscle bundles of the hatus, (4) through the esophageal hiatus,
owing to deficiency of the esophagus which is not elongated sufficiently to extend
to the diaphragm, thus causing varymmg amounts of stomach to remam above the
diaphragm depending on the amount of shortening of the esophagus; (5) through
an anterior subcostosternal opening (foramen of Morgagni, Larrey’s spaces).

I have used the term “pleuroperitoneal hiatus” to designate a congemtal com-
plete opening between the pleural and peritoneal cavities due to a Jack of fusion
of the septum transversum and the pleuropentoneal membrane, Hernias accurrin,
through this opening do not have a hernial sac. When there js incomplete musg-
cular formation of the diaphragm in the region of fusion of the pleuropertoneal
membrane and septum transversum but complete covermg of the space with
pleural or pentoneal membranes which complete the separation of the Ebdomin 1
from the pleural cavities, this space of muscular deficiency .
called the “foramen of Bochdalek.” Hernias occurring thro
tive muscular area of the completed dwphragm would
pentoneum or pleura I have encountered onl

region which had a hermal sac of peritoneum

of the diaphragm 1s
ugh this partially defec-
have a hermal sac of
y one diaphragmatic hernia in this
and pleura,

TraunaTic HERNIA
Traumatic duphragmatic hermia may occur in either the right or left half of

¢ phragm, ype of herma
he diaphragm, but 1t occurs much more frequently on the left. This f h
may be caused by indirect or direct injury or by mﬂammatory necrosis of the
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The normal peritoneal covering and attacl of the esophagus and cardia

of the stomach, around the esophageal hiatus, are of great mmportance. The
abdomimnal portion of the esophagus 1s loosely covered with peritoneum on its
anterjor and left aspects (Fig. 5). The uppermost part of the stomach is Joosely
covered, for ahout 2 em. anteriorly and 8 ¢m. posteriorly, where the penstoneum
fuses with the serous covering of the gastric wall. The union of these two folds of

- "“;‘-\\‘?‘ ;/'7:
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Hernol'sac)) |
7.2 «—DIAPHRAGHATIC
HERNIA

e

NORMAL
RELATIONS

Fic 5 -The anatomic relations at the cardia of a nonmal stomach compared with those asso-
aated with esophageal hiatus diaphragmatic herma  The latter relations are shown with the
hermated portion of the stomach 1n the liermial sac and after st has been withdrawn.

peri forms the gastrophrenic lig; which fixes the cardiac end of the
stomach to the diaphragm, and contiues to the left to form the phrenocohe hga-
ment. Beneath this loose peritoneal covering there are a triangular pad of fat and
connective tissue and the attachments of the diaphragmatico-esophageal mem-
brane This loose pentoncal attachment around the esophageal hiatus permits
flexible mos ement of the esophagus without pulling on the peritoneum,

CLASSIFICATION OF DIAPHRAGMATIC HERNIA

1

There are 10ns of diaphragmatic hernia which are based on
the embryologic and etiologic aspects, pathologic anatomy, the site of the opening
in the diaphragm, the presence or absence of a sac, the contents of the hemia, and
other factors. As mentioned previously, all true hernias are usually considered to
have a sac as one of their component parts, so that many conditions commonly
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TABLE 1
Dara v 521 Cases or Diapmmacaatic Hennia iy Wiicit Ovenazion Was Pruroryern

Sute of Opening Cascr Cause Content of Hemia Cases
Esophageal hiatus 375  Congontal (hastory  Stomach and omentuny 316
of trauma, 19} Stomach, omentum, and spleen 7
Stomach and colon 20
Stomach, colon, and small bowel 2
Short esophagus ype 43 Congemtal (20) Stomach onl 42
Stamach, cofon, and small howel 1
Hiatus, pleuropen- 11 Congemtal Right colon and small bow! 4
toncal Colon, small bowd, stomach, H
and spleen
Colon, small bowd!, and ap- 2
pendix
Laver only 1
Absnee postenor 1t Congemtal Stomach, colon, small Lowel,
fourth, left wde and splecn 5
of daphragm Small bowel and colon 3
Small bowel, colen, splecn, ap- 7
Ecndn (2), stomach (1), and
wdney (7)
Foramen of Morgagn 11 Congenital Colon and omentum 10
(subcostosternal ) (right part of dia-  Stomach and colon 2
phragm, 12, bilat- Omentum only 2
eral, 1)
Left portion of 65 Trauma Stemach only 7
diapbragm (ndirect njury,  Stomach and colon 13
54, direct nqury,  Stomach, colon, small bowcl 45
4, mflammatory (88), spleen (25), Iner
necrosis, 7) (17), and hadney
Right portion of 2 Trasma Stomach, colon, small bowel, 2
duaphragm (direct) Tner, gallbladder, and head
of pancreas
Total 524 524

GENERAL ROENTGENOLOGIC, CLINICAL, AND SURGICAL
CONSIDERATIONS OF DIAPHRAGMATIC HERNIA

RoENTGENOLOGIC AND ESOPHAGOSCOPIC MANIFESTATIONS

Roentgenography plays an important role in the recognition and diagnosis of
daphragmatic hernia It 1s also of gieat value in determmng the size and situation
of the defect in the diaphragm, considerations which are of aid in the determina
tion of the method of surgical treatment that 15 to be instituted. ’

Kirklin has stated that larger types of diaphragmatic hernias, and especiall
those m which a large segment of the stomach or bowel 1s ﬁ\ed’ or incar}t):e t ﬁ
mto the thoracic cavity, are strikingly mamifest on roentgenologic examinatio . ed
often the diagnosts 15 self-evident. But frequently, despite pronounced :lIt ratio
of the thoracic picture, the diagnosis cannot be established without ¢ ti lem“o“
:'lnd small or reducible hermas are likely to escape discovery unle; t;: e St}ldy
is alert for clues that will stimulate thorough search. %5 fhe examiner
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diaphragm, Heimas caused by mndirect injury are usually the result of severe
forceful or crushing injuries such as automobile accidents, which is the commonest
cause, or beng buried in a cave-in of heavy material, In hemias due to indirect
mjury of the diaphragm, the laceration may oceur at any point but it is more Iikely
to occur at the pomts of embiyonic fusion. The commonest sites are the dome and

beyond the mndhne into the right hemidiaphragm anterior to the circular Bbers
of the esophageal hiatus. Lacerations occurring in the posterior third of the
diapliagm often estend to, but infrequently extend through, the circular muscle
of the esophageal hiatus; when the laceration does estend through the esophageal
hiatus it 1s usually thiough the postertor third of the muscle ring. In some types of
juries, particularly crushing mjuries and myurics associated with fracture of the
ribs, the laceration of the diaphragm not enly etends across the dome but the
muscle attachments are also torn from the chest wall making a triangular rent in
the diaphragm In this type of injury I have also seen the entire attachment of the
left part of the diaphragm torn from the chest wall without any laceration through
the dome of the muscle. In case of direct injury of the diaphragm, the hernia may
oceur at any point and is usually the result of penetrating wounds, such as those
inflicted by a gun or a kmfe

Tupture of the diaphragm may be the result of inflammatory necrosis of which
1 have found two types: (1) Necrosis which results from a subphrensc abscess
which ruptures through the diaphragin mto the lung or pleural cavity and from
which the patient recovers, but months or often years later hemiation of abdom-
mal viscera may occur through the area of rupture in the diaphragm, (2) Necrosis
of the diaphragm caused by presswe of hard drainage tubes which have been
introduced mto empyematic cavities in the lower pleural cavity and which -
pinge on the diaphragm. In these cases the opening usually is situated in the
dome or posterior part of the diaphragin and there 1s no hernial sac.

In my experience, the types of diaph ic hernias, in order of
trequency, which require surgical tr are the duff types of esoph I
hiatus hemias, hernias due to trauma, indirect or direct, or to mﬂamnmmry
necrosis, hemias due to absence of a portion of the diaphragm; pleuroperitoneal
Inatus hermas, and subc nal hernias (ft of Morgagni).

There are many varations in the positions and types of these hernial openings
but the most frequent locations are shown m Fig. 1.

The numbe: of diaphragmatic hermas of each of these types in the 524 cases
w which I have operated 15 shown m Table 1. Each of the various types of

diaphragmatic herma p diff elinical festations as well as di
melhods of surgical treatmem which will be d:scussed wﬂh the type of hernia.
There me certain general climeal and surgical ! of di: 1

hernia which I shall discuss first although there will be some lepcmmn of detarl
when each type is desaribed.
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the symptoms sufficiently s0 that surgical treatment for the hernia is not necessary.
In other fustances the csophagns may be shortened <o that the hernia cannot be
reduced by surgical procedures,

Carcinoma of the lower end of the esophagus may be associated with diaphrag-
matic hemia. The presence of these lesions usually can be determined by roent-
genographic examination but should be confirmed by esophagoscopic examination
with removal of tissue.

Othier conditions which are not definitely associated with a hernia may produce
clinical symptoms which suggest diaphragmatic hermia and can be distinguished
only by roentgenographic or esophagoscopic examination. Some of the commoner
conditions of this type are cardiospasm, diverticulum of the lower end of the
esophagus, diverticulum of the stomach close to the cardiac orifice, and eventra-
tion of the diaphragm.

The roentgenographic differentiation of eventration or clevation of the dia-
phragm from diaphragmatic hernia may be difficult in some instances. Eventration
or clevation of the diaphragm may be due to complete or partial paralysis of the
daphragmatic muscle and may volve the entire diaphragm or only a part of the
muscle. This condition is classified by some wnters as a type of diaphragmatic
herna but I do not beheve 1t should be classified as a hernia as there is no pro-
trusion of the abdomunal viscera through the structure of the second or third
ribs; roentgenologic examination will show the abdominal viscera extending to
this level in the thoracic cage but the viscera are in the abdominal cavity as they
are beneath the diaphragm The most important genologic ify ions of
eventration are the visualization of the diaphragm above the abdominal viscera
and the paradoxical motion of the diaphragm. In some instances it may be difBcult
to visualize the position of the diaphragm and its recogmtion roentgenologically
can be aided by the performance of p pentoneum before the examination.

Generar CLINICAL SYMPTOMS

The symptoms produced by the different types of diaphragmatic hernia are
often complex, because of the various structures involved in the hernia, and
depend on the amount of mechanical interference with the function of the
hermated abdominal viscera, on the degree of unpairment of the normal function
of the diaphragm, and on the amount of increased pressure within the thorax,
which causes impairment of respiration and circulation,

The chnical syndrome of daphragmatic hernia may be divided mto two main
types The first type occurs in cases in which the stomach is the only abdominal
organ involved in the herma The symptoms are those of intermittent and usually
progressive incarceration and obstruction of the stomach The commonest type
of diaphragmatic hernia i which the stomach 1s the only abdominal viscus
mvolved is through the esophageal liatus. This type of herma, however, ma:
contain various portions of the omentum, depending on the amount of st(;mac});
involved Inasmuch as these hernias are progressive, the entire st h
become involved in the hernia, and the colon may also l;e i ) may

! y come incorporated 1n the
hernial sac because of its attachment to the greater curvature of the

More rarely the spleen may become involved ¢ stomach.

y be 3 d of 1ts attach to the

cardia of the stomach In cases in which the colon is nvolved, there may be addi-
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Among signs suggestn e of hernia that may be elicited in routine examination of
the smmnch displacement of the lower segment of the esophagus is significant
and is of common occurrence. In many cases, as the mixture of barium passes
through the gullet, it becomes evident that the lower portion of the esophagus is
displaced mesially and that it descnbes a hooklike cune. In other instances the
terminal segment is tortuous but not dilated. In still other cases the segment is
angulated. Congemtal shortening of the esophagus is noted on roentgenologic
exammnation in rare instances. Undue, retardation of the bariym stream at the
esophageal hiatus is another potential indication of hemia and occurs in many
cases.

Scarcely second in importance among signs suggestive of hernia is the obsena-
tion that the Jevel of the gastnic contents is above that of the esophageal aperture.
Diaphragmatic bernia is the most probable cause of this condition and this sign
aids in dustinguishing hernia from eventration, for 1 the latter condition the two
levels comncide. What apparently is a high hourglass contraction of the stomach
with a visible niche at the site of constriction often 1s, 1n fact, hemia of the stomach
through the diaphragm, and the ulcer is merely a comphcation. In many cases of
hernia the symptoms are chiefly or solely thoracic and roentgenologic examination
of the thoray is demanded first. Again, hemnias imolving the stomach and colon
may be obvious, but i many cases the festations, although d, are
not diagnoshie In such cases hernia always should be taken into consideration
and appropriate examination should be requested.

Reducible hernias, such as the para-esophageal variety, usually ean be revealed
at examination with the patient mn the vestical position by pressing the stomach
upward or they may be suspected by the presence of one or more of the signs
already described, but roentgenoscopic examination in the horizontal position 1s
always necessary to confirm the dagnosis and to determine the extent of hernia-
tion In no instance can herma of the colon be excluded confidently without
employing a barium enema, and when only the small bowel is inplicated, repeated
observatwns after the patient has ingested an opaque meal are necessary for
diagnosis. In the rare cases of herma through the right arch of the diaphragm, a
portion of the In er usually projects through the breach and is likely to be mistaken
for a neoplasm. On the whole, however, few diaphragmatic hemias should elude
roentgenologic disclosure and specific diagnosis.

Roentgenography not only plays an important role m the recognition of
diaphragmatic herma but also is of equal value in disinguishing this from other
condutions m which the chmeal symp often simul; - those of d pl itic
hernia. It is also of value in detenmining the presence of any obstructise Iesion of
the esophagus The lesions are more accurately determmed however, by endo-
scopic ination of the h than by genog]

Itis cssezmal that all patients who have dmphmgmanc bemm should have
it )} ic e ion before surgical inten ention. Strictures of
lhe lower part of the esoplmgus associated with the esophageal hiatus type of
diaphragmatic hemnia are fairly common; these strictuses often result from cica-
tricial contraction of a traumatic ulcer caused by the hernia, It is important that
these assaciated strictures be recognized before surgical treatment is considered
for the hemia, because 10 many instances dilatation “of the esopbagus will reheve
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the symptoms sufficiently 5o that surgical trcatment for the hernia is not necessary.
In other mstances the esophagus may be shortened so that the hernia cannot be
reduced by surgical procedures, .

Carcinoma of the lower end of the esophagus may be associated with diaphrag-
matic hernia. The presence of these lesions usually can be determined by 10ent-
genographic esammation but should be confirmed by esophagoscopic examination
with removal of tissue.

Other conditions which are not definitely associated with a hernia may produce
clinical symptoms which suggest diaphragmatic hernia and can be distinguished
only by raentgenographic or esophagoscopic ination. Some of the
conditions of this type are cardiospasm, diserticulum of the lower end of the
esophagus, diverticulum of the stomach close to the cardiac onfice, and eventra-
tion of the diaphragm.

The roentgenographic differentiation of eventration or elevation of the dia-
phragm from diaphragmatic hemia may be difficult in some instances, Eventration
ar elevation of the diaphragm may be due to complete or partial paralysis of the
diaphragmatic muscle and may involve the entire diaphragm or only a part of the
muscle. This condition is classified by some writers as a type of diaphragmatic
hernia but I do not believe it should be classified as a hernia as there is no pro-
trusion of the abdommal viscera through the structure of the second or third
nibs; roentgenologic examination will show the abdominal viscera extendi g to
this level m the thoracic cage but the viscera are in the abdominal cavity as they
are beneath the diaphragm. The most important roentgenclogi ifestations of
eventration are the visualization of the diaphragm above the abdominal viscera
and the paradoxical motion of the diaphragm. In some i 1t may be difficult
to visualize the position of the diaphragm and its recognution roentgenologically
can be aided by the performance of i before the

g5

ion.

GENERAL CLINICAL SYMPIOMS

The symptoms produced by the different types of diaphragmatic hemia are
often complex, because of the vanous structures involved in the hemia, and
depend on the amount of mechanical mterference with the function of the
herniated abdominal viscera, on the degree of impairment of the normal function
of the diaphragm, and on the amount of increased pressure within the thorax,
which causes impairment of respiration and circulation, ’

The chinical syndrome of diaphragmatic hernia may be divided into two main
types. The first type occurs in cases in which the stomach is the only abdominal
organ mwvolved in the hernia. The symptoms are those of intermittent and
progressive Incarceration and obstruction of the stomac
of diaphragmatic hernia in which the stomach 1s the
mvolved 15 through the esophageal hiatus. This type of
contain various portions of the omentum,
involved. Inasmuch as these hernias are
become v olved in the hernia, and the colo;
hernial sac because of its attachment to
More rarely the spleen may become invol
cardia of the stomach. In cases in which th

sually
h, The commonest type
only abdominal +iseus
hemia, however, may
depending on the amount of stomach
progressive, the entire stomach may
n may also become incorporated in the
he greater curvature of the stomach.
Ived because of its attachment to the
e colon is nvolyed, there may be addi-



228 MONOGRAPHS ON SURGERY

tional symptoms of partial or complete intestinal obstruction. If the hemia
progresses and more of the abdominal viscera are involved, it becomes a diaphrag-
matic hernia of the second type.

The second type consists of those cases m which multiple abdominal viscera are
involved in the hernia These hernias are usually of traumatic origin and are
caused by Jaceration of a normal diaphragm. They also may be of congemtal
origm, howeves, and may yesult from congemtal structural deficiency of the
daphragm. The symptoms in these cases are more varied aud severer than those
of the first type because of the multiple structures mvolved and are often more
acute n onset. The initial symptoms may be those of acute intestinal or gastric
obstruction or severe hemorrhage.

The clmical recognition of diaphragmatic hernia on the basis of subjective
symptoms alone 1s often dufficult the symyp vary, and fi th
simulate those of other organic diseases of the abdomen and thorax. This, I
believe, 15 the most important clinical consideration of daphragmatic hernia. This
15 also of surgical importance as the clinical symptoms may simulate those of ather
organic diseases so closely that surgical measures may be instituted for condstions
other than the hemsa. 1t 15 particularly so in those types of hernia which are pro-
gressive and the symptoms of which vary with the type and degree of herniation
so that several clinical diagnoses can be made at different times because of the
changing symptoms

It is to be remembered that patients presenting symptems of duphragmatic
bernia may also have symptoms, due to other unrelated disease, which confuse
the clinical fe i 1 have op 1 on a number of patients who have had
an assocjated duodenal ulcer with obshuction, gastric ulecer with obstruction, and
carcinoma of the pyloric end of the stomach with obstruction, as well as a number
of patients who also had cholehthiasis, In cases m which there is cholecystic
disease as well as diaphragmatic hernia, I think 1t is advisable to operate for the
cholecystic disease before the herma js repared (unless the hernia is mearcerated
or obstruction is present) because of the clinical danger of an acute condition
arising from the cholecystic disease that might produce a recusrence of the hernia
from severe attacks of vomiting. If a gastric or duodenal ulcer or a gastric car-
cinoma which obstruets the pyloric end of the his ted with diaphrag.
matic hernia, operation should be performed for both of these conditions at the
same time. I do not believe, however, that operation should be performed for an
associated condition at the same time that the diaphragmatic hera is repaised if
operation can be safely deferred.

GeNERAL SuncicAL CONSIDERATIONS

From the standpomt of treatment, daphragmatic hernia is prumanly a mechan-
ical condition, and the only treatment which will relieve the condttion is operative
repair or reconstruction of the abnormal opening in the diaphragm after replace-
ment of the herniated viscera into the abdomen. The indications for surgical inter-
vention and methods and technic of surgical procedures depend on the type,
situation, and size of the defect i the structure of the diaphragmatic muscle, the
kind and amount of abdominal viscera involved m the hernia, und whether or not
the viscera are enclosed in a hernial sac.
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The surgical approach to any of the different types of diaphragmatic hernia
may be through the thorax or thraugh the abdomen, There are some types of
hernia with a hernial sac, such as esophageal hiatus hernia and subcostosternal
hernia, which in my opinion can be more adequately and safely repaired through
an abdominal than tnough a thoracic approach. In other types of hernia which
do not have a hemial sac, such as those due to traumatic rupture or congenital
absence of the diaphragm, it is the surgeon’s privilege to choose whether the
approach will be made thraugh the thorax or through the abdominal cavity.

In the repair of all hernias through the right portion of the diaphragm, 1 prefer
the thoracic approach because the large, right lobe of the liver makes the abnormal
opening in the diaphragm i ble from the abd [ approach. In most
hernias through the left side of the diaphragm, I prefer the abdominal approach.

The technical difficulties of adequate exposure of the hernial openings through
the left portion of the diaphragm and the esophageal hiatus are often considerable
because of fxation of the left lobe of the Iiver to the leaf of the diaphragm. The
exposure of these hernial openings 1s greatly facilitated by cutting the suspensory
ligament and retracting the left lobe of the Jiver to the right. This can be accom-
plished, when the left lobe is small, by folding it on atself, and when it is large,
by tetracting it forward iuto the incision. The spleen is often adherent to the
posterior part of the diaphragm and hernial openings but usually can be separated
from these structures by blunt dissection. In some instances the spleen has been
50 traumatized by the injury, and so bound into its abnormal position by ad-
hesions, that it cannot be separated from the hernial opening without seriously
injuring 1t. This occurs fairly commonly in traumatic types of hernias and occa-
swonally in esophageal hiatus hernia. In these cases splenectomy is necessary.

INTERRUPTION OF PHRENIC NERVE

Paralysis of the diaphragm, produced by temporary or permanent interruption
of the phrenic nerve, is of value as a procedure preluninary to radical operative
repair of many different types of diaphragmatic hernia. In some types, usually the
esophageal huatus hernia, 1 which radical operative repair 1s inadvisable because
of another serious unassociated disease, or poor general condition of elderly
patients, or when there is marked spasm or contraction of the diaphragmatic
opeming, interruption of the phrenic nerve may be used as the only surgjcal
therapeutic measure. In many instances utilization of this procedure will onl
greatly relieve the patient of subjective symptoms, although in some instance)s,
the hernia may increase in size if other therapeutic measures such as weight
reduction are not carmed out. In most instances 1 which interruption of {lshe
p.hrenic nerve 1s utilized as an auxilary procedure, prehminary to r'l:dical
tive repair of the hernia, I prefer, first, to perform temporary intexr;x ti clf)e;a-
nerve by crushing it in the cervical or thoracic regjons, because maP st ces
it m:;ly not be ;:lecle‘ssdary ffor the resultant paralysis to be permanent. nl%‘]ux:z:?(:;ceiz
usually re-established within thiee to s months In cases whicl .

- € ' h re-establish-
recurr:xf\ Cfeur::;hg?c x;]fe:ll:ita d:]::[c)hragnlm 1s n.ot desirable because of the danger of
; , baralysis can be made permanent b
?axlhtally resecting the phrenic nerve, As a procedure prlehmmaxyl to i, ;g(t;ng .
jeal tr . N . ‘adical -
catment, interruption of the phrenic nerve 15 often of value m the txcat:zl:;bn
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of incarcerated and strangulated hernias because it prevents spasm of muscle and
causes relaxation of the hemial ring,

Paralysis of the diaphragm 1s of great advantage in the closure of large hernial
openmgs when there is considerable loss of structure of the diaphragm, as is
usually {ound in traumatic or congenital hernias, In this type of hernia, mterrup-
tion of the phrenie nerve may be done in the cervical region prelinary to the
abdominal repair of the herma or the nerve may be crushed or cut along its course
in the medastinum thiough the hernial orifice at the time of aperation. In cases
n which the operation is done through a thoracic approach interruption of the
plirenic nerve is done transpleurally just above the diaphragm. The relaxation of
the duaphragm after this procedure permits the structural defect to be closed
without tension and, in cases of traumatic hernia in which the diaphragm has been
torn from the thoracic wall, st permits the diaphragm to be sutured to the inter-
costal muscles

Crosure oF HERNIAL OPENING

The most satisfactory matenals for the suturmg of hermal openings are silk and
hving sutures of fascia Jata. For infants it may be necessary to use silk only. For
adults hiving sutures of fascia Jata can be removed from the thigh with a Masson
fascia stripper, This instrument consists of a tube within & tube with a cutting
edge and is so designed that the fascia may be removed through a small incision
m the upper part of the thigh and the lower end of the fascia may be cut in situ
by sliding the cutting edge through the lower end of the fascia. In this way a
second lower incision to cut the fascia is not necessary. The amount to be removed
depends on the type of heina to be repaired. One or two strips of fascia are
sufficient for esophageal hiatus hernias. For the larger herntas of the traumatic
type, wider strps of fascia are removed because three or four strips may be
required to complete the closure of the rent in the dphragm, For congenital
hernias wn which there 15 stiuctural defect, a large amount of fascia 15 often
necessary to close the defect After the defect is closed the fascia should be fired
with sik. The cut margins of the fascia in the thigh should be closed if possible
with interrupted catgut wlile the mcjsion s closed with mterrupted dermal
sutures.

ANESTHESIA

The method of admmstration of the anesthetic agent depends on the type of
hermia winch is present. In all cases in which there 15 no hemial sac and m which
there is a drrect communication between the abdominal and thoracic cavities, I
prefer intratracheal administration of the anesthetic agent by means of a positive
machme The use of the mntratracheal tube makes 1t possible to maintain adequate
ovygenation at all trmes and under all eircumstances because jt insures an ade-
quate ajrway and mucus and secretions can be aspirated thiough the tube. It s
also an added protection agamst 1espiratory dysfunction anising from collapse of
the lung The anesthetic agent to be used depends on the indications presented
in each ease 1 have used ether, cthylene, and ¢y clopropane. I prefet ¢y clopropane
1 combination with ether, as this combmation permits greater safety in producing
surgjcal relaxation with adequate oxygenation thap when these anesthetic agents
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ESOPHAGEAL HIATUS HERNIA

Herniation of abdomnal viscera through the csophageal hiatus is the common-
est type of duphragmatic hemia, Hernias of this type may be present at birth but
are less common than other types of congenital diaphragmatic hernias. They are
the conumonest type of daphragmatic hernia affecting adults. These hernias are
of considerable gencral interest because of their relatively frequent occurrence;
their indefimite causation, the variation of the relationship between the defective
esophageal hiatus and the esophagus as well as the structures iolved in the
different types; the progressive character of their development; the varied and
complea symptoms produced by them, which may simulate those of othier organic
discase, and because of their treatment, which may be conservative if the hemias
are small and the symptoms mild, but which may require surgical intervention if
the hernias are large.

Because several types of esophageal uatus hernias may be encountered, many
different terms and classifications, based on etiologic aspects, pathologic anatomy,
roentgenologie findings, or clinical findings, have been suggested. The multiplicity
of terms which has been used undoubtedly has led to considerable misunderstand-
mg as to the various types of herma found. 1 believe that in classifying these
hernias an actual description of the findings should be made so that there will be
no misunderstanding as to the structures wvolved. I believe that most esophageal
hermas are fundamentally congenital m origmm in that there is a congenital mal-
formation of the esophageal hiatus and the diaphragmatico-esophageal attach-
ments at the lower end of the esophagus and the cardiac portion of the stomach.
Howeser, in most instances the herma does not occur until later in Lfe, usually
beyond nuddle age.

ANATOMIC AND EMBRYOLOGIC ASPECTS

The diaphragmatico-esophageal membrane and the loose attachment of the
peritoneum at the cardia have considerable beanng on the occurrence of eso-
phageal hiatus hernias It 1s probable that the latal hernias of elderly people,
whuch are accompanied by insufficiency of the hiatus, are attributable to atroph):
of this protective elastic membrane, particularly in cases in which there 1s an
abnormally large liatus The elastic membrane has been sufficient during the
prume of bife to protect the opening but, as the atrophy associated with advancin
years develops, the stomach is permitted to protrude rhrough the large hiatus tg
a position above the dlaphragr}n. It is probable, in such cases, that this herniation
would have occurred earlier in hfe had abnormal stress been applied, such a
trauma, respiratory dufficulty, or marked increase of inlra—abdonﬁnal’ re: y
The elastic and fibrous membrane forms one of the coverings of the h o .SISUT&
in the smaler types of hernia. In large hermias this membrane seems to ;em';;:;
forward and there is no barner to the peritoneal sae, which enters the pgstenor

portion of the mediastinum In these cases 3 h
the thoras, the entire stomach often herniates into
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The loose attacl t of the peri around the hiatus may be a factor in
the formation of hiatal hernias, since it permits the beginning of the hermation of
the cardiac end of the stomach and the formation of the hernial sac.

In all true hernias this loose peritoneal fold fuses with the seiosa farther down
on the cardia of the stomach than is normal. The peritoneum does not extend
around the greater curvature of the stomach to the posterior wall to form the
gastrophrenic ligament but fuses with the serosa of the anterior wall, so that
there is no gastrophrenic ligament and only a short phrenicolienal ligament. This
places the spleen close to the left margin of the hiatus, thus permitting the upper
part of the cardiac end of the stomach to be abnormally free posteriorly beneath
the enlarged esophageal hiatus,

The consistency with which the surgeon finds abnormal attachments of the
peritoneal fold and of the gastrophrenic ligament to the cardiac end of the
stomach and abnormal enlargement of the lar ring of the esophageal hiatus,
suggests that this particular type of hernia has an embryologic cause and results
from delayed descent of the esophagus as related to the formation of the Jumbar
portion of the diaphragm,

Inasmuch as the stomach descends behimd the septum transversum, if its
descent is delayed the lumbar portion of the diaphragm will be imperfectly
developed and the esophageal hiatus will be formed around the cardiac end of
the stomach instead of around the esophagus. This will result m an abnormaily
large hiatus with deficiency both in the muscle ring and in the attachments of
the diaphragmatico-esopl b The degree of deficiency depends on
the amount of gastric nnlnge m the thorax at the time of musculanzation of the
lumbar portion of the diaphragm, In rare instances the stomach may remain in
the elevated position as a result of a congenitally short esophagus and a partial
thoracic stomach will result. In most instances the esophagus contmues to clong-
ate normally, thus placing the stomach below the diaphragm. This abnormal
posttion of the stomach will cause an abnormal enlargement of the esophageal
hiatus, with a wide space between the margin of the muscle and the wall of the
esophagus. It also will result in imperfect fixation of the elastic membrane to the
esophagus and stomach and an abnormally large perstoneal fold which will extend
well down on the cardia of the stomach. This abnormal relationship will permit
much more flextbility of the esophagus in the enlarged hiatus than is normal. The
more defective the formation of the hiatus, the more likely 1t is that herniation of
the stomach will occur later in life. The true congenital herma present at birth
may be explained i the same way but 1t 1s probable that persistence of the dorso-
pleural recess may be a factor in the ongin of congemtal hernias.

CLASSIFICATION

Esophageal hratus hernia 1s the commonest kind of hernia which occurs through
the diaphragm found among adult persons. This type of hernia 1s slowly progres-
sive and constitutes a sliding herniation of the stomach mto the posterior part of
the mediastinum, It may push wto either or both sides of the thoracie cavity but
does not enter the pleural cavity. The stomach usually is the only abdominal viscus
imolved in the hernia, but rarely the colon s the only abdomnal viscus mvolved.
This type of hernia may progress until the entire stomach is contamed in the
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lernial sac, and the colon, omentum, and occasionally the spleen may also be
drawn into the hernial sae.

1 believe it best to classify alf tine hernias through the esophageal hiatus under
the ane term “esophageal hiatws diaphragmatic hernia” Truc esophageal hiatus
hernias can be divided into two types. In the first type the esophagus is of normal
length and its lower end is not elevated above the diaphragm, but & partion of the
stomach has herniated into the posterior mediastinum, beside the esophagus. This
type of hernia is often designated as para-esoph 1 hiatus hernia. The hernias
are usually small to moderate in size and rarely involve more than a fourth to a
half of the cardiac end of the stomach, which is contained in the hernial sac, They
constitute about one-fourth of the esophageal hiatus hernias on which I have
operated (Fig. 2).

In the second type of hiatal hernia, the esophagus is of normal length but its
lower end is elevated above the level of the diaphragm and the hernfated stomach
is in the posterior mediastinum. The hernias are usually larger than those of the
first type and from a third of the stomach to the entire stomach, with a portion of
the omentum and occasionally a portion of the colon, is within the hernial sac.
These hernias usually fill the entire mediastinum and generally project into the
left side of the thoracic cavity but they may project into the right side of the
thoracic cavity or into both sides Hermas of this type constitute about three-
fourths of the esophageal hatus hernias on which I have operated {Fig. 8).

I believe that the essential difference between these two types is one of degree
rather than any fundamental difference of origin. Inasmuch as these hernias are
progressive in character and are in reality a sliding type of hernia, hemias of the
first type may ultimately develop into those of the second type as more of the
stomach becomes included in the hernial sac In many cases of esophageal hiatus
hemias the lower end of the esophagus is dilated, This is usually more marked in
the larger hiatal hernias (Fig 4).

With the more frequent roentgenologic recognition of small hiatal hernias m
the last few years, two additional types have been recognized, which may be
considered pulsion types of esophageal hiatus hernias due to incompetent hiatal
muscle. In these types a small portion of the cardiac end of the stomach projects
through the esophageal iatus They are probably attuibutable to atrophy of the
elastic fibers of the diaphragmatico-esophageal membrane together with relaxa-
tion of the circular muscle which surrounds the esophageal opening, resulting
an incqxrfpe(_ens hiatus. Recognition and differentiation of these two types are
. N ' ' The establishment of the

. , which is often essential n
s o . nore commonly encountered
among elderly people In many instances the finding of these hernias is incidental,
as the patients do not present any subjective symptoms, however, n some
instances the symptoms may be severe and may not respond to conservative thera-
peutic measures. In the latter cases, surgical mtervention is necessary to relieve the
symptoms.
Hermas of the third type closely simulate the para-esopha, i
except that they are relag\l')ely small}f There is the bEginninng}(:rgne:tlixI:; :fd};ffi!:::
hermal sac. The esophagus is only shghtly elevated, the abdominal portion bemng
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The loose attach of the pent around the hiatus may be a factor in

the formation of hiatal hernias, since it permits the beginning of the herniation of
the cardrac end of the stomach and the formation of the hernial sac.

In all true hernias this loose peritoneal fold fuses with the serosa farther down
on the cardia of the stomach than is normal. The pentonecum does not estend
around the greater curvature of the stomach to the posterior wall to form the
gastrophrenic ligament but fuses with the serosa of the anterior wall, so that
there is no gastrophrenic igament and only a short phrenicolienal ligament. This
places the spleen close to the left margin of the hiatus, thus permitting the upper
part of the cardiac end of the stomach to be abnormally frec posteriorly beneath
the enlarged esophageal hiatus.

The consistency with which the surgeon finds abnormal attachments of the
peritoneal fold and of the gastrophrenic ligament to the cardiac end of the
stomach and abnormal enlargement of the lar ring of the esophageal hiatus,
suggests that this particular type of hernia has an embryologic cause and results
from delayed descent of the esophagus as related to the formation of the lumbar
portion of the diaphragm,

I h as the st h d ds behind the septum transversum, if its
descent is delayed the lumbar portion of the diaphragm will be imperfectly
developed and the esophageal hiatus will be formed around the cardiac end of
the stomach instead of around the esophagus. This will result in an abnormally
large hiatus with deficiency both in the muscle ring and in the attachments of
the daphragmatico-esophageal membrane. The degree of deficiency depends on
the amount of gastric anlage in the thorax at the time of muscularization of the
lumbar portion of the diaphragm. In rare inst the st h may remain m
the elevated position as a result of a congenitally short esophagus and a partial
thoracie stomach will result. In most instances the esophagus continues to elong-
ate normally, thus placing the stomach below the diaphragm This abnormal
position of the stomach will cause an abnormal enlargement of the esophageal
hiatus, with a wide space between the margin of the muscle and the wall of the
esophagus It also will result n imperfect fixation of the elastic membrane to the
esophagus and stomach and an abnormally large peritoneal fold which will extend
well down on the cardia of the stomach. This abnormal relationship will permit
much more flexibility of the esophagus in the enlarged hiatus than 1s normal. The
more defective the formation of the hiatus, the more likely it 1s that herniation of
the stomach will occur later in life The true congenital hernia present at birth
may be explained n the same way but 1t 15 probable that persistence of the dorso-
pleural recess may be a factor m the origm of congemtal hernias,

CrassIFicaTION

Esophageal hiatus hernia is the commonest kind of hernia which occurs through
the diaphragm found among adult persons. This type of hernia 1s slowly progres-
sive and constitutes a shding herniation of the stomach mto the posterior part of
the mediastmum, It may push mto esther or both sides of the thoracic cavity but
does not enter the pleural cavity The stomach usually 1s the only abdommal viscus
mvolved in the hernia, but rarely the colon is the only abdommal viscus involved.
This type of hernia may progress until the entire stomach 1s contained 1 the



DIAPHRAGMATIC HERNIA 235

the shortening of the esophagus is not too great. By complete and permanent
interruption of the phrenie nerve, the diaphragm usually can be elevated from 2
to 5 em. and then by complete separation of the attachment of the esophagus from

Fic 6,—Esophageal luatus diaphragmatic hermia with mtrathorace stomach, partial shortening

of the esophagus, and hormtation of the transverse colon and loop of the small intestine inta the

postenior medrastinum of o five year old bov (a), (B), and (c) Taken on admission of the

paticnt, showing herntation of the entire stomach and transverse colon into the lower left portion
of the thoracie cavity

%G 7~The same paticnt s shown m Fig 6, one year after abdommal reparr of the hernia
1¢ entire stomach and colon are n normal position below the diaphragm and the wound 15
entirely healed There were no symptoms at this time

the attachments around the esophageal hiatus, from 2 to 8 cm. of the esophagus
can .be drawn down 1nto the abdomen The elevation of the diaphragm and the
pullmg down of as much of the esophagus into the abdomen as is possible will
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elevated to the supenior border of the diaphragm. The hernia may remain small
or it may develop into a true para-esophageal hernia,

In the fourth type, there is incompetency of the entire hiatus with a funnel-ike
protrusion of the cardiac end of the stomach above the diapbragm and a com-
parable elesation of the esophagus, which enters the apex of the protruded
portion of the stomach. This type docs not have a true hemnial sac and may not be
considered a true hernia, It must be distinguished i di is from a congemtal
short esophagus with partial thoracie stomach and from diatation of the lower
end of the esophagus. This 1s best plhished by an esc ic evaminati
to determme the length of the esophagus.

1
P, gt

Suorr Esornacus with Tioracic Stonaci

Herniations of the stomach through the esophageal hiatus due to a short
esophagus are of two main types: the congemtal type and the acquired type. The
congenital type comprises those cases i which the esophagus has not elongated
sufficiently to reach the diaphragm and sarying amounts of the stomach are
suspended above the diaphragm. Ulceration usually is present at the esophago-
gastric junction and there are varying degrees of stenosis. This type is not conunon
and constitutes only about 5 per cent of hermas due to a short esophagus. The
acquired type constitutes the remauning 95 per cent of the cases. In some of these
cases the cause of the shortened esophagus cannot be defimtely established but in
most cases 1t results from cicatricial contraction of the esophagus secondary ta
inflammatory changes which result from various causes. Same of the comunoner
of these causes are esophageal hiatus hernia with regurgitation of gastric juices
into the esophagus, peptic esophageal ulceration, excessive \ouuting, reflex spasm
of cardia and esophagus, traumatic ulceration associated with huatal hemias sliding
back and forth in the hemial openmg, trauma to the esophagus as the result of
permitting transesophageal tubes to remain in place for long periods of tune, and
mahgnant lesions of the esophagus (Figs 6and 7).

Radieal surgcal treatment of all types of short esophageal hratus hernia present
an entirely different technical problem from that of hiatal hernia with an esoph-
agus of normal length and the results of radical operation are much less sabs-
factory In most of these cases the chief subjective symptom is dysphagia caused
by stenosis of the esophagus, and tins is best relieved by dilatations of the
esophagus only. Radical operative procedures should be carned out only if the
pauent is not reheved by dilatations and conservative measures of dietary regula-
tion of weight if he 15 overweight

The essential considerations in the surgical treatment of esophageal hiatus
hernia with elevation of the esophagus are (1) repl t of the herniated
stomach into the abdomen and bringmg the esophagus to, or below, the dia-
phragm; (2) vemoval or obhteration of the hemnial sac, and (3) repar and
reconstruction of the esophageal luatus at a hugher level on the esophagus, 2 o
3 cm. above the cardiae junction Congemtal short esophagus with partial theracic
stomach is not a true hernia through the dhapl in that the h has never
been 1w its normal position below the diaphragm because of the shortened
esophagus. The surgical problem in these cases is that of reconstructing the
diaphragm over the elevated portion of the h, this can be lisk
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the shostening of the esophagus s not too great. By complete and permanent
interruption of the phrenic nerve, the diaphragm usually can be elevated from 2
to 5 cm, and then by complete separation of the attachment of the esophagus from

partial shostening

ntestime 1nto the

. . - admission of the

patient, showing henuation of the entire stomach and transserse colon mnto the lower Ieft portion
of the thoracie cavity

%lc 7 —The same patient as shown m Fig 6, one year after abdommal reparr of the herma.
1e entire stomach and colon are m normal position below the diaphragm and the wound 1s
entuely healed There were no symptoms at this time.

the attact atound the esophageal huiatus, from 2 to 3 cm. of the esophagus
can be drawn down mto the abdomen. The elevation of the diaphragm and the
pullng down of as much of the esophagus into the abdomen as is possible will
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permit closure of the esophageal hiatus around the Jower end of the esophagus
and placement below the diaphragm of what was formerly the thoracie portion of
the stomach. If the shortening of the esophagus is more than 5 to 6 cm. it may not
be possible to obtamn sufficient elevation of the diaphragm to reconstruct the
esophageal hiatus above the stomach, Stricture at the esophagogastric junction 1s
associated fairly often with consemtal short «.sop]mgus as well as with other types
of short gus. In most § d il of the stncture will
relieve the obstruction. If obstruction cannot be relieved in these cases by dilata-
tion, transthoracic resection of the esophagus may be required with reimplantation
of the esophagus into the wall of the stomach.

DrtataTion or TiE Lower Exp or e EsorHacus wiTH RELAXATION OF THE
CARDIA OF THE STOMACI

This condition fairly commonly simulates esophageal hiatus hernias of the
pulsion types both roentgenologically and chnically, In order to establish a definite
diagnosis it is usually necessary to examine the esophagus with an esophagoscope
as well as to carry out roentgenologic examination, At the time of the esophago-
scopic examination, a specimen of tissue can be removed from the wall to deter-
mine whether it 1s squamous cell epithelium of the esophagus or gastric mucosa
of the stomach. It is important to distinguish dilatations of the lower part of the
esophagus from huatal hernas, as surgical intervention is not indicated i cases
of dilatation of the esophagus.

SyarTOMs oF Esopiiaceal Hiatus HERNIA

The symptoms of esophageal hiatus hernia may begin at burth or at any time
during later life. Owing to the progressive character of these hernias the symptoms
vary as the hernia becomes larger, depending on the degree and type of hernia-
tion, so that several clineal diagnoses can be made in the same case because of
the changing symptoms. Accordingly, the condition may be termed the “mas-
querader of the upper part of the abdomen.” The t er
in order of frequency, were cholecystitis, cholelithiasis, gastric ulcer, duodcml
ulcer, hyperacidity, secondary anemia, cardiac disease, carcinoma of the cardia,
stricture of the esophagus, appendiaitis, and intestinal obstruction.

The chief symptoms of esophageal hiatus herma are pain, distress, gaseous
eructation, regurgitation of food, vommting, dyspnea, hemorrhage, weakness,
anemia, and palpitation of the heart. At the onset the symptoms are usually mild;
they consist of epigastric distress that 1s projected through to the back and which
comes on in the course of, or shortly after, a heavy meal. Such attacks, however,
may be brought on by taking anything into an empty stomach, such as a cupful of
coffee. The chief symptom may be regurgitation of small or large quantities of
food or gastric juice on stooping or soon after meals. The attacks are usually
simiar to one another in character but vary a gieat deal m intensity, depending
on the amount of stomach that becomes incorporated i the herna aud the degree
of interference with the diaphragm, as well as the size of the hernial orifice and
the occurrence of assocrated comphecations such as traumatic ulcer and meaicera-
tion of the stomach.

As more of the stomach becomes mcorporated in the hernia, the attacks become
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severer; the pam is projected straight through to the back and to the lower left
side of the thoray, is more marked to the left of the spinal column than elsewhere
in the back, and often appears hetween the scapnlae. This pain may be agonizing
and difficulty is experienced in belelung of gas and vomiting beeause of spasm of
the diaphragm and refle cardiospasm. The spasm of the diaphragm produces an
hourglass deformity of the stomach, which interferes with emptying of the upper
loculus and e increased intragastric pressure. The pressure of the herniated
portion of th ' o
belching of : . T
refersed phro... | : ' ot ..
the arm. The increased pressure within the thorax causes cardiac embarrassment,
with palpitation and tachycardia. The pressure on the Jung and the interference
with the motion of the diphragm cause dyspnea. These symptoms are augmented
when the patient lies down and in severer instances of the condition it is necessary
for patients to sit up to breathe. The attacks may last for a few minutes to several
hours and occasfonally they are considered ta be caused by coronary sclerosis or
by myocardial disease. The patient usually is completely relieved by vomiting,
although attacks often recur immediately after food is taken.

An interval of weeks or months often occurs between attacks, It is probable that
during the interval between attacks the stomach is not incorporated in the hernia}
ring but is situated in 1ts normal position below the diaphragm. When the attacks
become more or less constant, the constancy usually indicates that the stomach
has become fixed in the thorax by adhesions. All the early symptoms of pressure
are augmented during the attacks. There is loss of weight arising from the patient’s
inability to retam food and from marked restriction of diet resultmg from the
patient’s fear of bringing on an acute attack, which may be termed “food fear.”
The vomiting is severer and often of the retention type. Dunng severe vomiting,
the vomitus may contam blood. If the attacks are of long standing, the patient
fauly commonly has a burning sensation in the epigastrium after meals, which is
rehieved by taking small quantities of food. If a large amount of food is taken, it
may bring on one of the attacks that is associated with incarceration of the
stomach. Many of these patients present a comparatively typical syndrome of
peptic uleer, are given medical care, and obtain partial relief because they have
taken a restricted amount of food at frequent intervals.

. Hemorrh.age is a faitly common sign, It is caused by a traumatic ulcer, which
is usually situated i the lower end of the esophagus close ta its juncture with the
stomach and may be found i that portion of the stomach n the hernial sac near
the lesser curvature. These traumatic ulcers result from the to-and-fro action of
the stomach in the hernial ring when the hernia 15 small as well as from the for. .
ful pressure exerted on the Jarge distorted and congested stomach duri SE-
attacks of vormfting when the hernia is large. There is also the additional fa[;%or :;’
regurgitat ji i

esg;h% ;\t(;n of gastric juice into the lower part of the esophagus, which produces

Bleeding from traumatic erosions may
often one of the chief signs. This type of
those cases 1 which there occur repeate
from mearceration of the stomach in the

be severe and hematemesis or melena is
hemorrhage is most commonly noted in
d severe attacks of obstruction resulting

o

hernial sac. In some stances the hemor-
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permit closure of the esophageal hiatus around the lower end of the esophagus
and placement below the diaphragm of what was formerly the thoracic portion of
the stomach. 1f the shortening of the esophagus is more than 5 to 6 em. 1t may not
be possible to obtain sufficient elevation of the diaphragm to reconstruct the
esophageal hiatus above the stomach. Stricture at the esophagogastric junction is
associated fairly often with congenrtal short esophagus as well as with other types
of short esophagus. 1n most instances repeated dilatations of the stricture will
relieve the obstruction, If obstruction cannot be reheved in these cases by dilata-
tion, transthoracic rescction of the esophagus may be required with reimpl
of the esophagus into the wall of the stomach.

10n

Duaramion or tie Lower Exp of e EsoPHacus with ReLAXATION OF THE
CaRbIA OF THE STOMACH

This condition fairly commonly simulates esophageal Iuatus hernias of the
pulsion types both 10entgenologically and chnically. In order to establish a defimte
diagnoss it is usually necessary to esamine the esophagus with an esophagoscope
as well as to carry out roentgenologje exammation. At the time of the esophago-
scopic examunation, a specimen of tissue can be removed from the wall to deter-
mine whether it is squamous cell epithelium of the esophagus or gastric mucosa
of the stomach. It is important to distinguish dilatations of the lower part of the
esophagus from hiatal hermas, as surgical intervention is not indicated in cases
of dilatation of the esophagus.

SyareroMs oF EsopHaceaL Hiatus HERNIA

The symptoms of esophageal hiatus hernia may begin at birth or at any time
duning later life. Owing to the progressive character of these hernias the symptoms
vary as the hernia becomes larger, depending on the degree and type of hemia-
tion, so that several clinical diagnoses can be made m the same case because of
the changing symptoms Accordingly, the condition may be termed the “mas-
querader of the upper part of the abd " The er diagnoses,
m order of frequency, were cholecystitis, cholelithiasis, gastric uleer, duodenal
ulcer, hyperacidity, secondary anemia, caidiac disease, carcmoma of the cardia,
stricture of the esophagus, appendicitis, and intestinal obstruction.

The chief symptoms of esophageal hiatus herma are pam, distress, gaseous
eructation, regurgitation of food, vomuting, dyspnea, hemorrhage, weakness,
anemia, and palpitation of the heart. At the onset the symptoms are usually mild;
they consist of epigastric distiess that 15 projected through to the back and which
comes on m the course of, or shortly after, a heavy meal. Such attachs, however,
may be brought on by takug anything nto an empty stomach, such as a cupful of
coffee. The chief symptom may be regurgitation of small or large quantities of
food or gastric juice on stooping or soon after meals. The attacks are usually
similar to one another m character but vary a great deal in intensity, depending
on the amount of stomach that becomes mcorporated m the hernia and the degree
of interference with the diaphiagm, as well as the size of the hermal onfice and
the occurrence of associated complications such as traumatic ulcer and mearcera-
tion of the stomach

As more of the stomach becomes incorporated 1n the hernia, the attacks become
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includes those cases in which the symptoms are moderate and the herias are of
moderate size; in many of the cases in this group, conservative treatment, such as
regulation of dict and reduction of weight, is sufficient to relieve the symptoms.
The third group includes those cases in which there is no response to conservative
measures, in these cases the hernias usnally are large, and in many cases, in my
experience, there are complications, such as incarceration of the stomach with
vasyiag degrees of obstruction of the stomach and lower portion of the esophagus,
gastric erosian, uleeration, or esophagitis often associated with hemorrhages, In
this group of cases the only treatment that assures relief of symptoms is operative
repair of the hernia.

In all cases in which a third or more of the stomach is involved in the hemia,
surgical mtervention should be considered, because the condition is progressive
and usually the progressive enlargement becomes more rapid after the hernia has
attained this size. Operation should be performed before severe incarceration,
with consequent obstruction and traumatic lesions of the stomach, has occurred.
The operative risk is increased by gastric retention and the technical difficulties
are enhanced by fiaation of the stomach to the diaphragm and to the hernial sac
within the thorax. In cases in which the colon is involved in the hernia, early
operation is necessary because of the danger of occurrence of intestinal obstruction.

In most cases of esophageal hiatus hernia, I prefer to perform temporary inter-
ruption of the phrenic nerve by crushing the nerve preliminary to abdominal
reparr of the hernja because permanent paralysis of the diaphragm is rarely nec-
essary in this type of hemia. As a procedure prelimmary to radical surgical treat-
ment, wnterruption of the phrenic nerve is often of value n treatment of incar-
cerated and strangulated hermas because 1t prevents spasm of muscle and causes
relaxation of the hernial ring,

Permanent interruption of the phrenic nerve may be a necessary procedure in
the surgical treatment of partial thoracic stomach resulting from a congenitally
short esophagus. I wish to emph b , that permanent interruption of
the phrenic nerve is rarely necessary and should never be done in cases of eso-
phageal hiatus hernia until 1t 15 defimtely ascertained that it is not advisable to
re-establish the function of the diaphragm. It should be emphasized also that this
procedure cannot replace the operative repair of the hernia. It ig important to
bear in mind that the atrophy of the diaphragmatic muscle which follows perma-
nent interruption of the phrenic nerve may make it impossible to obtam a
satisfactory result in the event of further radical repair of the hernia.

I prefer the abdommal approach m all cases of esophageal hiatus hernia for
several reasons. In these hermias the herniated viscera are contained in a sac 1
the posterior medastinum and do not enter the pleural cavity. The removal ‘}
the sac or the attachment of the sac to the stomach is one of vy
steps in the operative repair of these hernias. The attachmeni
to the stomach can be exposed only by the
defective esophageal hiatus can be determ
defective muscle ning can be repasred with
or caudate Jobe of the liver, and the esapha,
fixed to the repawred iatus from the abdo;
complicated by gastric erosion or ulcer a;

the most important
t of the hernial sac
abdominal approach, The types of
ned and hernias with a posteriorly
ess risk of mjury to the spleen, aorta
gus can be more easily visualized ami
mmal side of the diaphragm. Hernias
nd any associated conditions such as



238 MONOGRAPHS ON SURGERY

thage that results from the ulceration 15 so severe as to endanger life. Traumatic
ulcers may be multiple, are usually relatively superficial and depend on the
echanical derangement of the herniated stomach for their presence. After repair
of the herma and replacement of the stomach into its normal position most of the
traumatic ulcerations heat spontancously In several mstances the traumatic ulcer
has become more deeply seated, simulating the usual type of peptic uleer, and has
not healed after repair of the herma. In the few cases of tlus type that 1 bave seen
the symptoms have been of long standing or the patient’s condition has been one
of severe incarceration,

In other mstances the patient may not be aware of any bleeding but may have
severe secondary anenna resulting from occalt hemotrhage into the stool. T should
like to emphasize the importance of sccondary anemia as one of the important
chmeal manifestations of this type of hernia. It was noted in 11 per cent of afl
cases in which I performed operation. Secondary anemia, however, was not
present in all cases m whach traumatic ulceration was present, as m 19 per cent
of these cases ulceration was noted on esophagoscopic examination.

In cases m which surgical treatment of the hernia is considered, one of the most
mmportant groups 1s that m which the symptoms simulate angina pectous, for
there are often no defimte findings on which the diagnosis of coronary disease can
be estabhished. It 15 to be remembered that although a patient has a defimte
esophageal hiatus herma that could adequately explain the symptoms, the patient
can also have coronary sclerosis without proved signs and, if this condition 1s
present, it constitutes a marked hazard to surgical mtervention for the hernia,

Patients who have esophageal hiatus herna of which the predommating symp-
toms are those of esophageal obstruction, are of particular interest and require
careful clinical study, Thz symptoms may be attnbutable lo an cn\ilely unasso-
ciated lesion of the lower part of the esophagus, such as cardi
or dnerticulum, or they may be the result of ulccration, or stacture of the eso-
phagus caused by the hernia, This esophageal ulceration produced by hemia 15
attributable to the angulation and pressure of the hermal sac ou the lower part of
the esophagus or is caused by regurgitation of food or gastric scoretion into the
fower part of the esophagus The ulceration may be a small, localized lesion or 3t
smay involve the entire circumference of the lower part of the esophagus and later
may contract and produce a stricture Because of the possibulity of a lesion in the
Jower end of the esophagus, caused by or unassociated with the hemia, I believe
esophagoscapic exanunation 1s advisable in all cases. Esophagoscopic examination
is essential also in determining defimtely the presence of a traumatic ulcer, as
these lesions are rarely d rable by t logic examination. In rare
instances the colon may be the only hollow abdonunal viscera mvolved m the
hernra, In these cases the subjective symptoms are those of intestinal obstruction

(Figs. 8and 9).

SURGICAL TREATMENT

From the standpont of management, hiatal hernias may be divided into three

groups. In the first group the herma 1s small, 15 recoguized roentgenologically,

often durng the course of a 5enera1 eammnation, and causes few or no chucat
1

t No L in this group of cases. The second group

SPE
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abdomen is opcncd, the tube belng directed into the obstructed portion of the
stomach in order to empty the gastric contents before any attempt is made to
reduce the herniated viscera, because of the danger of rcgurgilalion and aspira-
tion of gastric contents inta the lungs. In some instances in Jarge herias, it may
be diffeult to withdraw the stomach from the hiernial sac because of negative
pressure in the sac, This can usually be reduced by placing a tube into the sac and
permitting air to enter the hernial sac. This, however, is rarely necessary if the
herniated portion of the stomach can be relieved of its contents of air or fluid.
Before closure of the defective esophageal hiatus around the lower part of the
esophagus 1§ completed, it is important that a stomach tube of large caliber be
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pyloric obstruction or other abdominal lesions can be recognized and treated if
necessary from the abdominal approach. Any injury to the stomach or the abdom-
inal viscera which occurs during operation can be readily recognized and imme-
daately repaired. I believe there is Iess nisk of pleural complications when these
hernias are repaired by the abdominal approach than when they are repaired by
the thoracic approach. From a fundamental standpoint, I do not believe it
advisable to traumatize the pleural cavity to approach these hernias, which are not
in the pleural cavity but in the posterior mediastinum, when they can be satis-
factonly approached from the abdomen,

An obhique incision 1s made in the Jeft rectus muscle and peritoneum, extending
to the mphoid process. The technical difficulties of adequate exposure of the
esophageal hiatus are often considerable because of fixation of the Jeft lobe of the
liver to the leaf of the diaphragm. The eaposure of the hiatus is greatly facilitated
by cutting the suspensory ligament and retracting the left lobe of the liver to the
right. This can be accomplished, when the left lobe is small, by folding it on itself,
and when it is large, by retracting it forward mto the incision. The spleen is often
adherent to the posterior part of the diaphragm and hernial opening but usually
can be separated from these structures by blunt dissection. It is retracted pos-
teriorly by a specially constructed retractor. In some instances the spleen may be
drawn almost 1nto the hiatus and may be so traumatized by separating it from its
pentoneal attachments that its removal is advisable.

Hernias through the esophageal hiatus are true hernias and have a hernial sac
consistmg of abdomimal peritoneum which is continuous with the serosa of the
stomach. The attachment of the sac to the stomach must be severed and the sac
must either be removed completely or permitted to retract into the posterior
portion of the mediastinum I beleve that this is one of the most important tech-
nical considerations m the surgical treatment of this type of hernia.

If the sac has been removed, the enlarged defective esophageal hiatus js re-
paired by overlapping the margins of the opening, In many mstances 1t is nec-
essary to elevate the diaphragm so as to reconstruct the hiatus at a higher position
on the esophagus. This is an important procedure m those cases in which there is
any shortening of the esophagus or marked elevation of the esophagus into the
thoracic cavity (Fig, 10). Repair is usually made to the left of the esophagus but
m some cases it is necessary to repair the opening partially both to the right and
to the left of the esophagus, In some mstances the defect of the esophageal hiatus
15 posterior, extending to the spinal column. This type requires the overlapping of
the margmns posterior to the esophagus. In such cases, the condition 1s often
thought to be a hermation through the aortic opening but extending over the aorta
there usually is an imperfectly developed fibrous band which 1s the margin of the

defective esophageal hiatus The closure is usually made with living sutures of
fasena lata, which are removed from the thigh The overlapped margins of the
hermal opening are stabilized first with interrupted lmen sutures. The fascia Jata
is then woven mto the tissues by continucus suture and fied in the tissues with
interrupted hinen sutures,

In many inst in which the h is mcarcerated or obstructed, 1t is im-
possible to pass a stomach tube mito the obstructed loculus of the stomach before
operation. In these cases it is advisable to pass a stomach tube soon after the
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the marked variation in the chnical symptoms and the frequency with which these
symptoms simulate those of other organic discases such as disease of the gall-
bladder or gastric or duodenal uleer. In the series of 418 cases in which the
patients were treated surgically, au aserage of more than three crroncous clinical
diagnoses was made before the correct diagnosis was established. This also
presents an important surgical consideration in that in approximately 10 per cent
of these cases the patient had had a presious operation for a condition other than
the iatal hernia, the commonest of which was cholecystectomy, without relief of
symptoms. The clinical symptoms recurred soon after these operative procedures
and the patients were 1eliesed only after repair of the hernia.

In the series of 381 cases in which radical repair of the hernia was performed,
it was found necessary to do other operative procedures at the time of repair of
the hernia in 19 cases. The additional operative procedures in these 19 cases were
as follows: gastric resection for gastric ulcer, 4, gastric resection for carcinoma of
the stomach, 2; closure of perforated gastric ulcer, 2, gastro-enterostomy for gas-
tric ulcer, 1; gastro-enterostomy for duodenal uleer with obstruction, 2; vagotomy
for duodenal uleer, 1, segmental resection of stomach for gastric leromyoma, 1;

pl y, 4; cholecy y for subacute choleeystitis with stone, 1; resection

of esophagus for carcinoma of the lower esophagus, 1. Death occurred in 1 of the
19 cases: the patient having carcinoma of the lower esophagus died on the tenth
postoperative day, from bronchopneumonia.

SUBCOSTOSTERNAL HERNIA THROUGH THE FORAMEN OF MORGAGNI
(LARREY'S SPACE)

Herniation of abdominal viscera through regions of deficiency of muscle m the
anterior portion of the diaphragm close to the sternum has recerved various
names, such as “duaphragmatic hernia through the foramen of Morgagni, or
through Larrey’s fissure or space,” and also “substernal,” “retrosternal,” “para-
sternal,” or “anterior diaphragmatic hernia.” Inasmuch as these hernias usually
occur on either side of the anterior mdline of the diaphragm, if an anatomic term
15 to be used, 1t would be preferable to designate them as “subcostosternal dia-
phragmatic hernias”

There is some difference of opinion as to whether these hermas should be clas-
sified as congenital or acquired hernias. It 15 impossible to explain their occurrence
on a bass of faulty fusion or improper disposition of the embryonic mesodermic
elements which go to form the diaphragm, as this antenor portion of the dia-
phragm 1s derived from the septum transversum only. But the consistency of the
location of the hermal openmg, the fauly constant relationship of the neck of the
hermial sac to the round and falaform hgaments of the hiver and the frequenc
with which the hemnial sac protrudes into the nght side of the thoracic cavit; ﬂ{
the same point, that 15, at the cardiophrenic angle, as well as the often assocg(ed

nanrotation of the nght portion of the colon, all strongly suggest
emibryologic basis for these hernias BY suggest @ fondamental

These hernias aie essentially dircct hermas through a con
structure of the daphragm or a faulty attachment of the diap]
and costal cartilages. They are usually unilateral with the

genttal defect m the
hragm to the sternum
openmng close to the
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The abdomen always should be thoroughly explored for the presence of any
other lesion, particularly of the stomach or gallbladder. In some cases 1t may be
necessary to operate on other assoctated lesions. I do not believe it advisable to
carry out any additional suigical procedwie at the time of repairing the hernia,
unless 1t 1s impeiative, but it 15 well to know whether or not the patient has gall-
stones or any other lesion m the upper part of the abdomen which might account
for subsequent symptoms. 1t is often imperative, however, to perform other opera-
tive procedures at the time of repair of the hiatal hernia, and 1 many mstances
these are extensive operations such as resection of the stomach for carcinoma,
gastric ulcer, or duodenal ulcer with obstruction. These additional operative
procedures increase the risk of operation but they are only done when necessary
for the recovery of the patient.

Inasmuch as the surgical treatment of this type of hernia 1s the repair of an
abnormally large hiatus and not the complete closure of an abnormal opemng, it
1s associated with a higher percentage of recurrence than other types of dia-
phragmatic hemia Recurrences seldom occur in the true para-esophageal type in
which the esophagus has remained 1n its normal position and the hiatus is repaired
up to the esophagus. When recurrences do occur it is usually 1n those types in
which there is marked elevation of the esophagus associated with the hermation
of the cardiac end of the stomach, and the chief technical difficulty is the fisation
of the lower end of the stomach to the margns of the repaired esophageal hiatus.

Surgical Considerations and Results. My experience in the surgical treatment of
the dufferent types of esophageal hiatus hernias, consists of a series of 418 cases
Of this series 381 had radical repair of the hernia. Of the 381 cases recurrence of
the hernia developed in 11, 1n 5 of these cascs the recurrence and symptoms were
severe enough to require a sccond operation, In the remaining 6 cases, the recur-
rence imolved only a small portion of the stomach and was associated with
relatively mild symptoms, conservative measures such as dilatation of the eso-
phagus and loss of weight were sufficient to relieve the symptoms In the 381 cases
m which radical repair of the hernia was done, death occurred m 6, an operatne
mortality rate of 16 per cent

In the remammng 37 of the 418 cases of esophageal luatus hernia which were
treated surgically mterruption of the phrenic nerve was the only surgical pro-
cedure As has been stated before, this piocedure was performed in a number of
different types of cases, such as cases in which a small hiatal hermia occurred,

reality an incompetent esophageal hiatus often associated with spasm of the lower
part of the esophagus, the cardia, or the diaphragm, and cases m which radical
operative repair was madvisable because of other serious unassociated disease,
because of poor general condition of elderly patients, or because of marked
spasm or contraction of the draphragmatic opening There was considerable varia-
tion 1n the results obtaned m these different types of hermas Approsimately 50
per cent of the patients obtamed marked relief of symptoms. In 0 per cent of
the remaining cases the patients were partially reheved and mn 10 per cent they
received essentially no rehef of symptoms There were no opeiatize deaths in this

roup of 37 cases.

As I have stated previously under the general considerations of the esophageal
hiatus hernas, one of the most important clmical considerations of these cases is
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attachments of the right costal cartilages to the sternum but they may be bilateral
with the smaller opening on the left side. The constant presence of a peritoneal sac
shows that the peritoncum had closed off the abdominal cavity from the pleural
cavity before the actual heriation of the abdominal viscera occurred. The hernial
sac of the peritoneum 1s at the right cardiophrenic angle anteriorly; as the hernia
mcreases 1n size, the sac extends into the right side of the thoracic cavity. Sub-
costosternal dupliragmatic hernia, in my experience, is one of the two types of
diaphragmatic herma which has a hernial sac. The other type of diphragmatic

congenital n origin but are ra;,ely present at birth, and occur in most instances in
later life because of increased abdominal pressure on a congenitally defective
diaphragm.

The abdominal viscera usually mvolved in the hernia are the colon, omentum,
1leocecal coil, and rarely the stomach.

The subjective symptoms assoctated with these hermas are often indefimite and
depend on the type and amount of abdomnal viscera involved in the herma.
There are essentinlly two types: (1) those in which the omentum is the only
abdomnal structure involved n the herma; (2) those in which the colon or
stomach 1s volved m the hernia. In the cases in which the omentum 1s the only
structure involved 1n the hernia, the symptoms are those essentially related to the
thoracic cavity, such as dyspnea, cough, and pain in the lower part of the thorax.
In those cases in which the hollow viscera are involved in the herma, the symptoms
are those of partial obstruction of the viscera involved as well as abdomnal and
thoracic pain.

The cases in which omentum only 1s mvolved m the hernia present a much
more difficult chimcal problem m arriving at a defimte diagnosis. The subjectne
symptoms are entirely thoracic as a 1esult of mechanical wterference with respira-
tion and expansion of the lungs. These symptoms suggest a primary pulmonary
lesion and direct the clinical investigation to roentgenologic study of the thorax.
The roentgenologic findings of an increased density in the pulmonary field justfy
the clinical diagnosis of a primary intrathoracic lesion, which may be thought to
be an mtrathoracic tumor. This erroneous climeal diagnosis is particularly Iikely
to be made if there are no subjective symptoms to suggest that an abdomunal
condition may be present and, even though the gastro-intestinal tract is examined
roentgenologically, no lesion 1s d rated as no abdominal hollow viscera are
mvolved m the hernja

The treatment of these hermas is surgical closure of the abnormal opening in
the diapbragm after repl of the abdeminal viscera (Figs. 11 and 12) I
prefer an abdommal approach through the upper part of the right rectus muscle
because the opening in the diaphragm §s accessible and the abdominal contents
of the herma are more safely and casily reduced from the abdommal than from the
thoracic side of the dmphmgm, as the true relationship of the herniated viscera
to the hernial sac can be accurately determined.

The method of closure of the neck of the sac and of the defect in the structuie
of the muscle of the diaphragm depends on the size and character of the opening.
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Suncicar ConSILIATIONS AND LsULTS

Of the 52 patients having diaphragmatic hernia on whom T have operated,
11 had subeostosternal diaphragmatic hermas (foramen of Morgagni). All 14
patients had radical repair of the hernia through an abdominal approach. In 2
cases, an csophageal hiatus hernia was repared at the same time, In 1 of these
Tatter cases, the subcostosternal hernia was bilateral with the pyloric end of the
stomach extending into the right thoracic cavity and the transverse colon into the
left thoracic cavity. This was a recurrent subeostosternal hernia, the patient hav-
wg had two previous operations elsewhere for repair of the hernia, one through a
thoracic approach and one through an abdominal approach. The esophageal hiatus
hemia which also was present consisted of herniation of about a fifth of the
cardiac end of the stomach through an enlarged esophageal hiatus.

Of the 14 patients having subcostosternal diaphragmatic hernias, 6 were males
and 8 were females. The hernia contained colon and omentum in 8 cases, omentum
only in 4, stomach, colon, and m 3, and h and omentum in 1.
All 14 patients have recovered from the operation. At the time of this writing
there has not been a recurrence of the hernia,

One of the important surgical considerations in this type of herma is the
difficulty of establishing a definite diagnosis of the hernia when the omentum is
the only structure imvolved m the liernia, In some nstances the shadow in the
thorax may be interpreted as that of an mtrathoracic tumor. One of these patients
had thoracoplasly previously, on the basis of a thoracic tumor. The condition was
found to be a subcostosternal herma which could not be reduced from the thoracic
side. The patient was operated on later for repair of the hemia through an
abdominal approach

CONGENITAL DIAPHRAGMATIC HERNIAS DUE TO MALFORMATION
AND STRUCTURAL DEFICIENCIES OF THE DIAPHRAGM
AND ESOPHAGUS

The commoner hernias of this type are (1) those which result from congenital
absence of a posterior portion of the diaphragm, (2) the pleuropenitoneal hatus
hernias (foramen of Bochdalek), (3) those caused by the congenital absence of
an antenor portion of the diaphragm (foramen of Morgagni), and (4) congental
short esophagus with partial thoracie stomach. The latter two types, those caused
by congenital absence of the anterior portion of the diaphragm (foramen of
Morgagni) and congemtal short esophagus with partal thoracic stomach, have
been discussed in the forepart of this chapter. The remawning two types of con-
genital diaphragmatic hernia due to structural deficiencies of the diaphragm
which are those of the pleuropentoneal hatus (foramen of Bochdalek) and those
due to the lack of formation of the posterior portion of the diaphragm, are essen-
tually of the same type and may be considered together, the difference bemng that
of degree of malformation of the diaphragm The relationship between these
hernias and the formation of the diaphragm has been discussed under the headin
Embryologic Aspects s

These hernias may occur mn either the left or nght side of the diaphragm but
are much commoner through the left than through the right hEmidiaphragil The
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Small linear openngs may be closed by overlapping the margins. Larger trans-
veise opemngs extending beneath the sternum are best closed by suturing the
antertor margin of the defect in the daphragmatic muscle to the posterior sheath
of the rectus muscle and to the anterior thoracic wall.

The most satisfactory material for closure of the openmng is fiving suture of
fascia lata 1emoved from the thigh and stabilized in the tissues with silk. The
round higament of the liver can be incorporated m this closure to strengthen 1t as
well as to re-establish 1ts position on the antertor abdominal wall,

Fic 12 —The same patient as shown m Fig 11 (¢) At operation, overlapping closure of the

licrmal onfice with mterrupted silk and continuous fascia Jata sutures aftcr ramoval of the colon

from the thorax and cutting of the round Ligament was performed by way of the abdommal
approach () and (¢) The entire (n?on and stomach are below the duphragm

The closure of the large openings 15 facilitated by paralyzing the nght side of
the diaphragm by temporary mterruption of the nght phrenic nerve, This pro-
cedure, however, is not necessary m the closure of small openings. Preparation
can be made to mterrupt the phrenic nerve m the supraclavicular region after
exploring the opening and determinmg whether or not interruption 1s necessary.
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of the colon {appendiy and cecum), the terminal part of the deum, and all of the
small intestine to the jejunum are imvolved in the hemia,

This type of hernia is said to be the commonest of the congenital types of hemnia
due to structural deficiencies. These hernias are present at birth. Many of the
infants suffering from them die in the first few hours or days of hfe because of
respiratory and cardiac embarrassment and before surgical intervention can be
instituted. They should be operated on immediately if it can be established that
the cardiac and respiratory embarrassment is duc to the diaphragmatic hernia.
In the treatment of those infants who are able to survive in spite of the altered
intrathoracic pressure and thoracie visceral relationship, surgical intervention
should be instituted as soon as possible because of the danger of intestinal obstruc-

Fi. 13 -C 1 pl | hiatus diaph hemia 1n a baby gl

age. Herniation of the entire nght portion of the colon, the transerse colm{, §n!i ll:lslems‘::at?lsng

testine into the left portion of the thoracic cavity Roentgenograms were taken on admission

of the patient (a) and (b) The small intestine hermated mto the left portion of the thoracic

cavity, the stomach 1s below the diaphragm (c) Hermation of the entire ascending and trans-
verse colon mnto the Jeft portion of the thoracic caity

tion If they are able to maintan nounshment, it 1s well to delay operation for
two to three months m order to permit some development of their accesso
Tespiratory mechamsm If operation 1s delayed for a long period, however, t}Z
abdominal viscera will have lost their right of residence in the abdomen in tba’t the
abdominal cav ity will not have developed sufficiently to contain them and th .
will be a marked mcrease in intra-abdominal pressure when the viscera e
rell)laced into the abdomen (Figs. 13 and 14). e
_ Inrepair of the smaller hermas of this type, the openin,

Interruption of the phrenic nerve. On ttlzg) other hpand, %ncﬂr:;:’ircloofse;;vitahou(
?emlas interruption of the phrenic nerve is a necessary procedure. The o o
is completely closed by overlapping the margms from 2 to 3 cm, If. the pazl;::;ni%
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kind of abdominal viscera involved in the hernia depends on whether or not the
defect occurs m the right or left side of the diaphragm; the type of herma and the
severity of the symptoms often depend on the kind of viscera involved. Hermas
of the right side may nvolve hermation of a portion of the dome of the liver only.
These patients present few or no subjective symptoms. If the defect in the dia-
phragm eatends beyond the abdominal attachments of the liver, the colon, the
pyloric end of the stomach, and the small bowel may be involved in the herma,
and the patients may present symptoms of partial obstruction of these organs.
When the defect occurs on the left side the more abdominal viscera are herniated
into the left thoracic cavity, most commonly the colon, small bowel, stomach,
spleen, and kidney, which produce more marked symptoms. The symptoms are
often simular to those noted in association with the traumatic types of hernia
Because of the occurrence of the hernia at birth, the respiratory and cardiac
symptoms are usually severest, owing to the marked umlateral alteration in intra-
thoracie pressure and the occurrence of this derangement of intrathoracic pres-
sure at a tune at which the compensatory respiratory and cardiac reserve has not
been developed to a sufficient degree to maintain function of these organs. Many
infants born with these congenital defects die in the first few hours or days of hfe
If the respiratory and cardiac h are able to P te for the presence
of these abdominal viscera in the thorax, however, these patients may live on to
childhood or even to'adult life without any great amount of disability or many
symptoms, provided that intestinal or gastric obstruction does not develop. There
15 less likelihood of obstruction developing i these cases than mn the cases of
traumatic hernia because there are usually fewer adhesions between the abdom-
inal viscera and the thoracic viscera in the former than m the latter. When the
stomach is involved in these hernias, 1t usually becomes greatly dilated and these
patients often have symptoms of partal gastric obstruction Intestinal obstruction
may occur, owing to bands of adhesions between the omentum and loops of bowel
or to mflammatory conditions of the bowel. Inasmuch as there is usually non-
rotation of the right portion of the colon and the cecum, and the appendix 15 m
the left thoracic cavity, appendicitis may develop and produce a serious hazard
tolife

In the surgical treatment of these hermas the approach may be either thoracic
or abdominal, but I prefer the abdominal approach through an oblique left rectus
incision

PrevroperrroNEaL Hiatus Hernias

These hernias occur in the posterolateral portion of the diaphragm and are
caused by failure of fusion of the pleuroperntoneal membrane and the septum
transversum. The defect 1s usually triangular, with the apex toward the median
po:tion of the diaphragm The defect usually extends to the thoracic wall but
occasionally there is an imperfectly developed band of muscular tissue extending
along the thoracic wall These hernias do not have a hernial sac and a dwect
communication exists between the abdomunal and the thoracic cavity.

The commonest abdominal viscera involved 1n this type of hernia are the colon
and the small bowel. There may or may not be hermation of the spleen and
stomach. There is often a failure of rotation of the colon, and the entire nght side
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an infant, this closure 15 made with interrupted silk sutures, Before the opening
is completely closed, the air is aspirated from the pleural cavity by inserting a
catheter connected to a suction apparatus. At the time of withdrawal of the
catheter the last suture is tied, completely closimg the communication between the
thorax and the abdomen.

Fic 14 —Same case as shown in Fig 13 (a) and (b) Fine months after abdominal m?:nr of
the hernia, the stomach and colon are 1n nonnal position below the diaphragm. (¢) The ab-
domnal incision 15 completely healcd No subjective symptoms are present.

One of the chief dangers associated with the 1epair of these hernias is marked
alteration of mtrathoracic or intra-abdominal pressure. It is mportant in these
cases that the respiratory function be mamtained by positive pressure during the
operation and that at the completion of the operation negative pressure be secured
and maintamed in the thoracic cavity. A roentgenogram should be taken at the
completion of the operation to see that there 1s no shift of the mediastinum due to
the pneumothorax. I do not permit the patient to be moved from the operating
table until I have seen the roentgenogram. If there 15 any shift of the mediastimum,
more air 15 withdrawn to maintamn the mediastinum m the midline.

CoNGENITAL ABSENCE OF THE POSTERIOR PORTION OF THE DIAPHRAGM

This type of heria results from failure of formation of that portion of the
diaphragm which 1s derived from the pleuropenitoneal membrane, The defect is
in the posterolateral portion of the diaphragin and usually extends from the eighth
rib posteriorly and medially to the esophageal hiatus. These hernias usually do not
have a sac but there may be an unperfectly developed enveloping membrane of
peritoneum and omentum which simulates a sac These hermas may be considered
as enlargements of the foregong pleuropentoneal type in that the essential differ-
ence is a much more extensive congenital defect m the formation of the dia-
phragm. There are more abdommal viscera myolved mn the herma m that these
hermas usually contain the stomach and spleen as well as portions of the large
and small bowel (Figs 15 and 16) In some hernias of this type the kidney is
above the level of the diaphragm 1n the thoracic cavity posterior to the pleura, I
have noted the kidney in this position only when there 1s complete absence of the
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a hernial sac. The herniated abdominal viscera were in direct contact \V}lh the
thoracic viscera. One patient had a hernia through a structural deficiency of the
muscle of the diaphragm (foramen of Bochdalek) in which the pentonenm and
pleura had covered the opening. Thete was a liernial sac and the patient was
50 years of age.

The ages of the 24 patients with complet genital deficiencies varied from
five weeks to 33 yeats. OF the 25 paticnts 18 were males and 7 females. In 24 cascs,
the hernias were through the left half of the diaphragm and 1 was through the
right half. The abdominal approach was used for 23 patients and the thoracic
approach for 2.

‘The structures involved in the hernia varied with the size and type of structural
defect. The commonest structures involved were the small bowel which was
involved in 23 cases, and the colon which was involved in 22 cases, The cecum and
appendix were involved in 9 cases, the stomach in 11 cases, the spleen in 13 cases,
the kidney 1 7 cases, the liver in 3 cases, and the panereas m 1 case.

Nineteen patients underwent interruption of the phrenie nerve in conjunction
with repair of the hernia. The spleen was removed from 3 patients and the ap-
pendix from 2 because of acute appendicitis. Thoracoplasty was done on 1 patient

to narrow the diameter of the thorax and to facilitate the closure of a large defect
in the diaphragm.

Seven patients died after operation. Eighteen patients recovered and have been
completely relieved of symptoms.

One important consideration of these types of hernias is the frequent occurrence
of other congenital anomalies n the abdomen such as nonrotation of the right
portion of the colon with ascending colon, cecum, and appendix involved in the
hernia. In 2 cases of this series, death was due to a ruptured appendix accom-
panied by abscess in the pleural cavity, empyema, and also peritonitis. One patient
had an internal hernia with the small intestine involved in the congemtal peri-
toneal membrane from the ileacecal coil to the jejunum, and also intestinal
obstruction This patient died from thrombosis of the mesentery vessels The other
4 deaths m this series were due to pneumonia resulting from lack of expansion of
the lung, which had been collapsed by the hernia, and cardiac failure.

TRAUMATIC DIAPHRAGMATIC HERNIA

Traumatic diaphragmatic herma may be caused by direc j
by mflammatory necrosis of the diap)llwagm In caZe of 1:13;;25 l;:;: m]:fry tl(::
diaphragm, the herma may occur at any point, including ponts of emrl): ologi
fusion, but t!le commonest sites are the dome and the posterior half of rt}ll) lg}(t:
part of l?xe diaphragm. On the other hand, the hernia may ocecur m the rij hf .
of th.e diaphragm, It usually is the result of 2 severe, crushing mur VV%] P;"t
?}?T\‘,ﬂg ‘?ct;ur; t};ro;xxg: t]due clsophageal opening there 15 a sac, %)utl\v}i;n it 2:c:1rz
T e eal of the diaphragm there usually 1s no sac. In’ca f di i
of the duaphragm, the hernia may o vlly the cean
penetrating \vogunds, such as tlmsye ;?1:1:(::1 Zl;yaPZ:‘t 2:] i fnl\lfseuany the result of
) Rupture of the diaphragm may be the result of inflammato: ; i i
in turn, has been caused by subdxaplu—agmahc abscess. Agai; o heerosts, which,
- Again, rupture may follow
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diaphragm postenorly. Presence of the kidney in the thoracic cavity can often be
determned clinically by taking an intiavenous pyelogram, and this procedure is
often helpful in distmguishing between a pleuroperitoncal hiatys hernia and
complete absence of the diaphragm posteriorly. In the pleuroperitoneal hiatus
hewnta a posterior segment of the diaphragm usually prevents the kidney from
extending into the thoracic cavity back of the pleura.

Fic_16 ~The same case as shown in Fig. 15 (a) and (b) Four months after abdomnal repair
of the hemia, showing the catire stomach and colon below the diaphragm i nomal position
and contour. The leit lung 1s fully expanded

Not only do the surgical problems associated with these hernias involve all
problems of the pleuroperitoneal hernias as far as altered ntra-abdominal and
intrathoracic pressure 1s concerned, but, in addition, there is the problem of
closing this large gap with the diaphragmatic muscle that ss present and of recon-
structing the t of the diaphragmatic musele to the thoracic wall. If the
gap 1s not too great, this can be accomplished by complete, permanent mterrup-
tion of the phrenic nerve If the defect is too large to permt the relaxed diaphragm
to span this gap, 1t is necessary to shorten the diameter of the diaphragm by extra-
plevral b resection

Surcicar, CONSIDERATIONS AND RESULTS

All types of diaphragmatic hernias were represented in the 524 cases of patients
who underwent operation, Twenty-four patients bad hernias due to complete
congenital defictency of the diaphragm, exther of the pleuroperitoneal hiatus type
(11 patients) or of the type caused by absence of the posterior portion of the
diaphragm (13 patients). The hermas of these 24 patients were not contained 1n
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necrosis caused by drainage tubes which have been {ntroduced into empycmatic
cavities, In these cases the opening usually is situated in the posterior past of the
diaphragm and there is no hernial sac. . .

Traumatic diaphragmatic hernias usually do not present the difficult diagnostic
problems which are fated with esophageal hiatus hernia, for the occurrence
of the injury leads the eaminer to suspeet the possible presence of a hernia. The
symptoms associated with this type of herma progress rapidly, are severe, and are
attnbutable to the mechanical interference with the function of the heart and
lungs. This is due to the fact that there is no hemisl sac aud the abdominal
viscera are in direct contact with the thoracic viscera. The condition in these
cases may be more properly termed “evisceration of the abdominal organs into
the pleural cavity” rather than “true hemia,” The most marked immediate symp-
toms are usually those of respiratory and circulatory embarrassment. These
hermas are more frequent in adult hife than in childhood and the pensatory
cardiac and respiratory reserve usually carries the patient over the acute symp-
toms if the other associated njuries have not been too great. Later, severe
hemorrhage from the gastro-intestwal tract may oceur as a result of mcarceration
or strangulation of the hallow viscera. If the patient survives the acute condition,
the later symptoms depend on the viscera involved. The symptoms may consist
in obstinate constipation, the occurrence of large quantities of gas in the colon and
attacks of partial or complete intestinal or gastric obstruction. The sudden onset
of symptoms in cases of traumatic hernia usually is related directly to the injury
and there is rarely a question as to the clinical diagnosis. Surgical treatment is
demanded because of the danger of cardiac and respiratory failure or because of
intestinal strangulation.

In those types of diaphragmatic hernia which result from inflammatory necrosis
of the diaphragmatic muscle {Fig. 17), the symptoms are often somewhat obscure
and 1 many instances they are unrecognized for a long period because the pos-
situlity of a herma is not considered and the symptoms are often thought to be
due to the primary 1llness. In some instances the hernia does not oceur for many
months after the patient has recovered from the primary illness.

Traumatic hernias demand immediate surgical treatment 1f there is any indica-
t10n of an associated injury to the hollow viscera. This is particularly true in those
cases in \vhicl} the hernia is due to traumatic injury. In cases in which the hernia
is caused by indurect mjury, there is less likelihood of rupture of a hollow viscus
and surgical treatment may be delayed until the acute symptoms caused by the
primary mjury have subsided. However, operation in these cases should be done
as soon as possxble because of the danger of the occurrence of intestinal obstruc.
tion, ‘It is important that there should be no long interval of delay because the

hemiated abdominal viscera will lose their right of residence in the abdomen
When a large amount of abdominal viscera has d in the thoraci o
for a long period, the viscera become dil ey racic cavity
, lated because of the difficulty in perform.
mg thewr normal function, and the abdominal cavity, which has not contained
them for a long period, becomes smaller, These factors tend to increase the hazard

of operation as well as the risk of recurrence of the herni al hese

: ; nia because when thes

viscera are replaced into the abdomen they markedly i ase the i i)
P, ) 24 y increase th intra-abdomina}
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belicve this to be the most satisfactory type of closure in all these cascs. In cases
of traumatic hernia in which the laccration is confined to the dome of the dia-
phragmatic muscle, it usually is advisable to repair the opening by lapping the
anterior margin over the posterior margin of the opening. When possible, it is
advisable to overlap the margins of the opening from 2 to 3 cm. In those cases in
which the laceration splits the muscle of the esophageal ring, great care should
be taken in repainng the esophageal hiatus. In those cases in which the laceration
extends to the margin of the thorax and in which the attachments of the diaphragm
are torn from the thoracic wall, the repair is made not only by overlapping the
laceration of the leaf of the diaphragm but by resuturing the diaphragmatic
muscle to the thoracic wall. This can be accomplished by suturing the diaphrag-
matic muscle to the intercostal muscles. When possible, the diaphragmatic muscle
should span two interspaces, being fixed to the intercostal muscles with fascia
lata and stabilized with interrupted linen sutures (Figs. 20 and 21).

In a few instances, relaxation of the diaphragmatic muscle caused by interrup-
tion of the phrenic nerve will not be sufficient for repair of the defect. In these
cases the diameter of the thorax must be narrowed by resecting the lower nbs by
thoracoplasty. It is usually not necessary to resect more than a few inches of the
eighth, ninth, and tenth nbs at the angles.

Before the abdomen is closed, the herniated viscera should be thoroughly
eaplored, to be certain that there has been no injury to a viscus and that there are
no bands of adhesions which will interfere with the function of the abdominal
viscera In cases in which there has been considerable obstruction of the large

bowel, it may be y to perform appendi y or colostomy at the time
of operation.

Surcicar, CONSIDERATIONS AND RESULTS

Of the 524 patients having diaphragmatic hemia who underwent operation, 7
had herntas due to inflammatory necrosis resulting from subphrenic abscess or
drainage of empyema and 60 had hemias due to varwous types of injury. The
hernias 1n 6 of these €0 cases were due to traumatic injury to the diaphragm, in 5
to gunshot wounds, and in 1 to a stab wound, Fifty-four hernias were dl’xe to
mdirect injury to the diaphragm; the commonest cause of injury was automobuile
acadents which caused the herma in 42 cases. The remaining 12 of these 54
hernias were due to indirect injury caused by various types of crushing injuries
such as Jandslides, falis from ladders, or being thrown from a horse. §

Of the total traumatic cases, 55 patients were males and 12 were.fem les. Th
hernia occurred through the left portion of the dmphragm in 63 cas: da eough
the right portion in 2 cases ases and through

The method of surgical approach i i
the abdomen 1n 64 cagses, thfgugh th:o:h:)z;c::;:c?lll f’ega"; o ﬂ:ie permia was through
thoracic and abdominal approach m 1 case Inte;ru ai' N al; through 2 combued
done in 62 cases in conjunction with the Tepair. AP&:’“ of the phrenic nerve was
m 3 cases to narow the diameter of the thorax -in d‘m‘COP]aSty. vos performed
large defect in the duphragm In 2 cases the; e o permxs closure of the
obstruction, 1n 1 of which appendicostom one ag ssociated intestinal

y was done and in I an enterostomy,
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The surgical approach to these heinias may be through the thorax or through
the abdomen. For all hermas through the nght side of the diaphragm, I prefer the
thoracie annroach because the Targe richt Inhe of the liver interfarac with the
ex[

In: . o . .

and its reduction is more safely accomplished through the thoracic approach than
through the abdominal approach because there is less danger of hemorrhage from
injury to the liver.

In all traumatic hernias through the left side of the diaphragm, T prefer the
abdominal approach through an oblique left rectus incision. The herniated viscera
are usually adherent to both the abdommal and the thoracic side of the diaphragm

Fic. 20 —A boy aged 14 years, with traumatic {auto accident) duphragmatic herma on the left
side with hermation of the entire stomach, the small mtestine, the transverse colon, and the
left lobe of the Iwer mto the left portion of the thorage cavity, The lower part of the left lung
1s collapsed and the heart 15 displaced to the night. () Thorax on adnussion, showing hollow
viscera in the left Iower portion of the thorax which has resulted i collapsing the Jung and
displacing the heart to the right. (b) and (¢) The entire stomach and small mtestine almost
H11 the postenior portion of the thoracic cavity on the lcft. The stomach eatends to the second rib

and to the structures within the thorax. The adhesions to the margins of the open-
mg and to the undersurface of the diaphragm are often marked and should be
separated first, The adhesions to the structures within the thoracic cavity are
separated from below upward by approaching them through the hernial opening.
By the abdominal app h this can be plished with Lttle danger of mjury
to the abdominal or thoracic viscera, because the definite relationship of the
herniated structures can be established

In cases i which there has been considerable loss of structure or in which the
muscle has been torn from its attachment to the thoracic wall, the defect in the
diaphragm should be repaired by fascia lata stabihzed with linen sutures, I
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One patient required splencctomy because of previous trauma and firation of the
spleen to the hemial opening,

The abdominal viscera involved in the hiernia varied, depending on the location
and size of the opening, The stomach was incorpomted in the hernia in 66 cascs,
colon in 59 cases, small bowel in 38, spleen in 30, liver in 20, and hidney in 2.

The defect in the diaphragm of all 67 patients was completely closed with fascia
lata and mterrupted sitk,

There were 5 operative deaths or an operative mortality rate of 7.4 per cent.
One death was due to rupture of the stomach which was present at the time of
the operation, 1 to intestinal obstruction and 3 to pneumonia. Siaty-two of the 67
patients operated on recovered from the operation and have had no recurrence
of hernia.

POSTOPERATIVE MANAGEMENT

Postoperative considerations of diaphragmatic hemia begm in the operating
room at the completion of the operation. The most important period of postopera-
tive care 1s from the time of completion of the operation until the patient has fully
recovered from the anesthesia with re-establishment of normal reflexes and
functions

At the completion of the operation roentgenograms of the thorax are taken and
read before the patient 1s removed from the operating room. It 1s extremely
important to determine the presence or absence of any abnormal condition or
position of the intrathoracic viscera. If some abuormal condition is present, 1t
should be corrected before the patient leaves the operating table.

Two of the more important immediate postoperative conditions which imperil
recovery of the patient after operation are (1) displacement of the mediastinum
and (2) pulmonary congestion. If these conditions are present they markedl
interfere with cardiac and respiratory function and this interference may resul);
fatally if not immediately relieved. Meduastinal displacement is due to pneumo-
thorax and must be immediately relieved by withdrawal of sufficient air to produce
negatve intrathoracic pressure and bring the mediastinum to the midhne. Pul-
monary congestion is due to retention or aspiration of secretions and is. best
relieved by immediate bronchoscopic aspiration of the lung, Patients who requ
inmediate postoperative treatment should have a second roentgenogram tq k:e
and read after treatment has been mstituted to be certain that the cgm dit on 1
corrected before the patient 1s taken from the operating table. et &

Most patients are given a blood transfusion either durin

the operation. The blood of every patient is grouped for
operation. If the systolic blood pressure decreases to 90 m;

g or immediately after
transfusion before the
m of mercury or less,

Fic 21 —Same case as shown n Fig 20 {a) At anesatien o approach by lef
y left rectus
5 the left portion of the
the lower left shows the
;;g;:;:::i ‘Sll‘li‘“:nd‘ he lower insert shows oy erlappmg. closure ;Eul(‘l‘]‘;aﬁ?y m;t oot the
remupted sik a th:ol?::-:‘:l:‘:; fnsc:a lata (b) and (¢) On dismmissal thr::m\\to{:nzkg w‘{)}l
e entire stomach and col on below he

diaphragm, the heart s m no: and the Lot sl
: e posttion belo

al position, and the Teft lung 15 fully expanded, the
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TABLE I
Suieicat, Procipunes Anp Qeinarne Resveis: 521 Cases

Radical repaie of defect in diaphiragm:

Approach: abdominal: 183, thoraac: 3; combmed: 1 ..vuoi.., 487
Prehmnary interruption of phnmL nene ... 0
Preluninary eatrapleural thoracoplasty ]

Operations in conpunction with repair of hernia:
Gastnie resection for gastne uleer { 4); caramoma (2) 6
Closure perforated gastne eroson (2) (total crosion ... e
Gastro-enterostomy for gastne uleer (1). duodenal uleer (") .3
Vagotomy for dum]u\a{: uleer o1
Rcmm al'of gastne lewomyoni 1

plenectomy for tubereulosis (2), mjury (9) 11
CHmlcc stostomy for subacute mplurc? galibladder 1
Appendicostomy for obstruction . 1
Appendectomy for appendiciis . ..., 5
Interruption of left phrenic nene (hm!al hernia)

Palhative, 9, chmpcu!u\ 8. . e 37
Total patients operated .. e e e e 524
Recurrence of herma m all types operated:

. | zeal hiatus (11)

oms (6)
.. (5)

Rep:u;) of rekcjurmnlolmmms (5)

Operative deaths, 18 or 3.4 per cent (basis of 524 patients operated on)

265
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the patient should receive a transfusion of blood. I believe 1t is very important to
mamtamn blood pressure at a fairly constant level and not permit 1t to drop more
than 20 mm. of mercury below the normal preoperative reading, I prefer the use
of blood transfusions to the use of other mtravenous solutions or of drugs to
maintain the blood pressure. Blood transfusions are also advisable in all cases
m which the hemia is associated with loss of blood producing a secondary
anemia

When the patient has been removed to the hospital bed, which has been made
warm by hot water bottles, esternal heat 15 appliul by the use of additional hot
water bottles Fifty-exght to 60 per cent oxygen is admmistered in an ovygen tent
until the patient has fully recovered ¢ and its ad ration is con-
tinued thereafter as indicated, After the patient has fully regained consciousness,
the oxygen may be administered with a nasal mask

Care should be excrcised in the selection and amount of sedation used, This is
particularly important if there is any respiratory embarrassment, Sedation should
be hmited so as not to decrease the respiratory function. I prefer using codeine
supplemented by a small amount of marphine to relieve severe pain. In all cases
m which dilatation of the stomach 1s present at the time of operation, intermittent
or continuous gastric lavage 1s employed to heep the stomach empty for the first
three to five days after the operation.

All patients are given glucose and physiologic salt solution intravenously for
three to five days until they are able to take sufficient quantities of fluids by
mouth Administration of fluids by mouth is usually started within 48 hours after
operation In cases in which there has been herniation into the thoracic cavity of
a large portion of the abdominal viscera over a long pertod, the replacement of
these viscera in the abdomen causes a marked increase of the intra-abdominal
pressure, which may lead to partial or complete obstruction In cases of partial
obstruction, the condition may be relieved by conservative measures, but in cases
of complete obstruction, it may be necessary to perform enterostomy in order o
reduce the mtra-abdominal pressure and to relieve the obstruction.

In all cases in which the herniated viscera are removed from the pleural cawity,
and in some cases in which the hermiated viscera are removed from the posterior
portion of the mediastinum, as would be the case of hermation through the eso~
phageal hiatus, traumatic effusion occurs in the pleural cavity, The treatment of
thus effusion depends on the amount of respiratory embarrassment associated with
it. In most instances the cffusion is slight, it will gradually become absorbed so
that special treatment will not be required. In cases m which the effusion pro-
gresses to produce respiratory embarr ple performed onc or
more times, 1s required In some cases empyema may develop, requinng intercostal
drainage, and possibly rib resection later In my experience empyema has rarely
occurred in cases in which the hernia was repaired by the abdommal approach.

In some cases atelectasis may be caused by the lodgment of mucus in a bron-
chus, In most such cases the condition will respond to conservative treatment.
It may sometimes be necessary to remove the mucus by bronchoscopic aspiration.

Table I 1s a brief summary of the surgical procedumes used in the 524 cases of
various types of daphragmatic hernia in which operation was performed.
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TABLL 1
Stnuicas Prociities aap Oeeiative Hesurrs 521 Cases

Radical repare of defect in diaphragm-

Approach: abdominal, 183, thoraie. 3, combuned. 1
Prehmnary interruption of phrenie nene ee e
Prchminary extrapleural thoracoplasty .. . .« . ..., 1

Qperations i eonpunction with repare of hersia

. 4), carcwoma (2) .
. - © O (2) (total cromon 39)
= (1), duodenal uleer (’)

\;\gu(nm) for duodenal ulcer S e
Removal'of gastne laomyoma e e
dﬂcmﬂnm) for tuberculosis (2), m]u? ) ..l

holecy stostomy for subacute rupturey gallbl..\ddu
Appendicostomy for obstruction " .
Appendectomy “for appendicitis e e s
Interruption of left phremic nene (hmt.\l lum:a)

Pallative, 9, \hcrapcuhc, e e

-
G b e 59 (0

Tatal patuents operated

Recurrence of herma m all types operated:
T hernia (0), G tal defect (l) Esopt 1 huatus (11)
' 12)

Ve e of symptoms (8)
- - . symptoms {5}
Repair of recurrent hermias (3)

457

Opcrative deaths, 18 o 34 per cent {basis of 524 patients operated on)

265






Diagnosis and Treatment of the Infertile Male

FRED A, SIMMONS, M.D.

e

UBING TIE LAST HALF CENTURY, progress in the mvestigation of the infertile
couple has been made with leaps and bounds as more and more attention has
been paid to the husband. As long ago as 1904 W. G, Haggart said, “The woman
should not bear the reproach until a sucroscopic examination of the partner has
been made to determme the absence or presence of hiving healthy spermatozoa.”
Lay people and the medical profession, however, were slow to accept this sage
advice, and even ignored the carcfully emphasized recommendations of Dr.
Samue} Meaher, m the authoritative test, Human Sterility, who said, “Testicles
must produce normal spermatozoa,” and advocated that, “(1) when one semen
proves defective, final conclusions should be withheld until others have been
A 1. {(2) No inal speci however, satisfactory, eliminates the need
for complete investigation of the male, or for postcoital examination of the female.”

It must be emphasized that even today many physicians fail to comprehend the
importance of mvestigating the wdividual who produces spermatozoa, as well as
the spermatozoa themselves. Almost daily, in any large community or hospital,
so-called stenle wives are being subjected to surgical procedures without a com-
plete nvestigation of the male partner. If nothing further is accomplished by this
presentation than to convince the reader that the husband should have the follow-
ing carefully carried out mvestigations, much will have been added to the man-
agement of the inferhle couple secking relief from their plight.

Let us turn our attention at once to the steps indicated when a couple complains
of mfertility. Our problem here concerns only the husband. 1t is well to carry out
an exanunation of the husband, even though the wife's status has not been vom-
pletely evaluated. It is often worth while to complete the female diagnostic survey
and therapy simultaneously \vﬂl‘m lh.e male program. The male should have a com-
{leete histery and ph)sxcal‘ ion, genera% lab Y ex tions, including

ood \Vassermannj plete blood count, sed tation rate, urinalysis, examing.
tion of the prostatic secretion, basal metabolic rate, and complete semen exam-
:\ﬂh;‘n. mfc\udmg the reg)rdmg .of the volume, the percentage of motility, the

umber of sperm per cubic centimeter, and the morphology of the spermatozoa

2;:?:31:) eust :;:‘313 cIa:::-ludes the minimal diagnostic procedures which should be
Depending on the findings from these
sequent mvestigation of the male may req
17-k ids and follicle-stimul:
cervical mucus of the wife, at the p!

p'reliminnry diagnostic procedures, sub-
Y require a testicular biopsy, urinary assay for
ing hormones, postcoital exanunation of the

Toper time of the cycle, and therapeutic tnals
267
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with different drugs. A common misconception on the part of the medical profes-
ston is the idea that the generous use of various endocrine preparations paren-
terally or osally will relieve oligospermia, As will be emphasized later, there are
few cases in wluch hormonal therapy, with the exception of thyrord orally, is
routinely indicated in infertiity.

TABLE I
Roumink Mizaar Discnostic Proceptnes ron Hussaxp
{1) Complete history and complete. physical exanunation
{2) General laboratory exanunations
Blood Wassermann
Complete blood count {with sedimentation rate if
there 15 a high white blood count}
Unnalysis
Prostatic secrction, flud specumen, and staned smear
(8) Basal metabolic rate
(4) Semcn exammation
Volume
Motihty
Number of spermia per cubic centimeter
Type and ration of abnormal spernua
(From Urdl. & Cutan Rev, -47-538-570, 1942 )

As an indication of the frequency of the pioblem, John MacLeod of Comell
University reports that of 1,500 semen analyses carried out in sterile marnages,
only 40 per cent were completely satisfactory, while the witer has reported 336
cases, carried out in exactly the same type of study as Dr. MacLeod’s, with only
40.4 per cent satisfactory specimens. The instance of complete azoospermia was
132 per cent in the author’s series, and shghtly over 10 per cent in MacLeod's
cases. During the war years, in my office, of 79 men, physically fit armed forces
personnel, 10 per cent had azoospermia and 88 per cent had specimens below the
lowest linut of normal. Contrary to the general medical literature, of 71 cases of
azoospermua, only one case was due to mumps and only 18 were due to gonorrhea,
leaving aver 50 per cent due to some failure of sperinatogenic development
Detailed study of these cases is definitely warranted early in an effort to correct
such deficiencies.

Because a practitioner has a degree n medicme 1t does not mean that he is
equipped to study or treat the nfertile couple; nor does a man competent in the
field of endocrinology, or urology, or surgery, or gynecology and obstetrics nec-
essanly know the mmimal adequate mnvestigation required in the study of infer-
tihity Often, the distressed couple does not know to whom to tum. Therefore, it
15 essential for all physicians to keep themsels es abreast of the proper handling of
this common chief complaint It 1s estimated that there were, a decade ago,
8,500,000 involuntary stenle marriages mn the United States, and of these, 2,100,000
husbands may be presumed to be infertile

It s trite to state that these couples offer a fertile field for treatment at the hands
of the medical profession, but such is the case. Is it not, therefore, the duty of the
profession to acquaint stself wath the stundards 1equired to make a diagnosis, and
also to treat such a volume of potental matenal? At the risk of offending some
and antagonizing others, 1t must be emphatically proclaimed that the fanuly doc-
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tor and many eminent specialists need to admit their inadequacies in this type of
study, and to acquaint themselves with the proper places to send these patients,
where trained personnel can reward the couple’s somewhat substantial financial
outly with at Teast the 23 to 40 per cent chance of successful pregnancy, on which
even the best of clinics do not seem to improve year by year.

Far too often, the fault lies with the first doctor who innocently assures the
parents that they need have no concern because a “teen-age daughter does not
mature or menstruate, or because a young boy does not seem to have both testes
in the scrotum. Obesity in young males is frequently misdiagnosed as Frolicl's
syndrome which 1s actually quite rare.

1t is not known how often school and college physicians and others prescribe for
and treat young males with male sex hormone (testosterone), despite the report
by Heckel, over a decade ago, that the administration of by injection
or by mouth decreases spermatogenesis as long as it is gnen. The indiscriminate
use of injections in too small or too large doses may cause wreparable damage to
the young man’s sensitive generative apparatus,

To those who turn to this chapter for their introduction to the problem of male
infertility, the writer refers them at once to primers with which their patients may
well be familiar before they come to the doctor. If you read E. C. Hamblens
Facts For Cluldless Couples, or A, 1. Weisman's You Too Can Have a Baby, and
can carry out fairly and satisfactorily the procedures recommended for husbands,
then proceed with alacnty to the solution of your patient’s plight. But if these tests
and treatment cannot be carried out properly because of inexperience, it is your
duty to refer the patient at once to the appropriate doctor or clinie, Occasionally
rehigious tenets, moral scruples, or just plain prejudices sway a doctor’s judgment
in advising the patient. Lay people, particulasly the infertile couple, will admire a
man who frankly says he does not know, and sends them on to a higher counsel.

Minimal diagnostic procedures on the male are much less costly and dangerous
than those on his wife, and anyone can learn to take and interpret the history
properly, but it takes time (from 30 to 90 minutes), As will be described below, a
complete physical examination includes a search for any stigma of infertility x;ot
generally considered important in a routine examination. This can be leamed.
Such a physical examunation should take at least 20 to 40 minutes. ’

before collection, 1s guilty of outmoded pr::lctices ore o5y .p?rlo.d of abstinence

d gross injustice to the male.

Cases are reported where the male 15 declared sterile after the doctor has don
prostatic massage and found no sperm in the expressed secretion when it is e ;
amined microscopically. In well over 2,000 Pprostatic massages, w fertile me ls ;’
ing a normally actwve sex hife, ive sperm or any sperm was }ound in I nheﬂ 1
per cent, 1 the digitally expressed secretion. 1t must not be overlo ;‘ ZSS than }
finding of no sperm 1 the properly collected hotile specimen df oked that the
man is stenle. There are cases where thy : t does not mean o
: vhere the man ejaculates none into the bottl i

sperm will be found in the cervix of the wife of the same man aft e,. ut
Here, too, the male must not be condemned if spemmtom" ? er n?xmal caitus,
are not motile, or even present, for Pommerenke } a found in the cervis,
nhe has shown us that the cervical
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with different drugs, A common misconception on the part of the medical profes-
sion 15 the idea that the generous use of various endocrine preparations paren-
terally or orally will rcheve oligospermia. As will be emphasized Iater, there are
few cases in which hormonal therapy, with the exception of thyroid orally, 15
routinely indicated in infertility,

TABLE [

Rourine MINmMAL Discnostic Procruunes Fon Hussanp
(1) Complete hustory and complete. physical examumation
(2) General laboratory exannnations

Blood Wassermann

Complete blood count {with sedimentation rate f

there 15 a high white blood count)

Unnalysis

Prostatic secretion, flud specimen, and stamned smear
(3) Basal metabolic rate
(4) Semen eaammation

Volume

Motihity

Number of spernma per cubic tentimeter

Type and ration of abnormal sperma

(From Ural & Cutan Rev, 47 558-570, 1942.)

As an ndication of the frequency of the problem, John MacLeod of Cornell
Umiversity reports that of 1,500 semen analyses carried out 1w stenle marriages,
only 40 per cent were completely satisfactory, while the wniter has reported 536
cases, carned out in exactly the same type of study as Dr. MacLeod’s, with only
404 per cent satisfactory speci The of complete azoospermia was
13.2 per cent 1n the anthor’s series, and slightly over 10 per cent in MacLeod's
cases. During the war years, m my office, of 79 men, physically fit armed forces
personnel, 10 per cent had azoospermia and 38 per cent had specimens below the
lowest it of normal. Contrary to the general medical Iiterature, of 71 cases of
azoospermia, only one case was due to mumps and only 18 were due to gonorrhea,
leaving over 50 per cent due to some falure of spermatogenic development.
Detailed study of these cases is definitely warranted ecarly in an effort to correct
such deficsenctes.

Because a practitioner has a degree in medicine 1t docs not mean that he is
equipped to study or treat the infertile couple; nor does a man competent the
field of endocrinology, or urology, or surgery, or gynecology and obstetrics nec-
essanly know the minimal adequate investigation required m the study of mfer-
tity Often, the distressed couple does not know to whom to turn. Therefore, 1t
1s essential for all physicians to heep themselves abreast of the proger handlmg of
this common chief complaint. It 1s estimated that there were, a decade agp,
3,500,000 involuntary sterile marrages in the United States, and of these, 2,100,000
husbands may be presumed to be infertile.

Tt is trite to state that these couples offer a fertile field for treatment at the hands
of the medical profession, but such is the case, Is 1t not, therefore, the duty of the
profession to acquaint 1tself with the standards required to make a diagnosis, and
also to treat such a volume of potential matenal? At the nisk of offending some
and antagonizing others, 1t must be emphatically proclauned that the famly doc-
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' . . M ,«=einntions are
c— s o . L : 18 hours
after intercourse the examiner cannot find any spermatozoa.” Autnonues through-
out the country have been questioned on this difficult finding, and the explanation
is still obscure, This is one of the few circunstances in the investigation and treat-
ment of the sterile couple which might indicate an attempt at artificial insemina-
tion of the cervical mucus. This technic can be learned from any standard teat on
stenlity, such as those by Siegler or Meaker or the publications of John Rock.

TAKING THE COMPLETE HISTORY

After recording the patient’s name, address, age, duration of marriage, wife's
age, and present occupation, investigation into previous occupations is pertinent
(see Table 11).

OccupaTiON

Occupations which are recognized as being fraught with the possibility of
producing ultimate male sterility are those of lead warkers, x-ray techmcians,
those i which workers are exposed to the eatremes of heat and cold, such as
bakers and butch stokers, prof | athletes, coaches, and those occupations
having to do with electronics, electricity, radiation, radar, welding, cable-splicing,
ete. Overwork may be a factor, especually in those striving for additional educa-
tion, as demonstrated by a college student who holds one or two extracurricular
jobs such as night work m a postal department or manual labor, in addition
to classes during the day. Malnutrition is also a factor in graduate students
particularly.

Hazardous ocenpations are too numerous to elaborate further here, but it must
be understood that each case 1s to be evaluated ndependently, and the occupa-
tional factors weighed thoroughly. A minister, teacher, social worker, or office
worker may have had undue exposure to the deleterious effects of hea:ry metals,
poisons, fumes, or toxic substances during the war, when he worked in a shxpyarci
or factory. There is at present, however, no indication that men who were pris-
oners of war, or subject to malnutnition during the war, have had their procrefﬁve
powers affected wrretrievably, The South Pacific theory regarding tropical heat
and malnutution, which 1s gaining impetus n various parts of the coun? la
disproved by a complete study of the majonty of cases. s #so

A typreal ple of a combination of s inhi
1ty 15 the case of a bus driver who was 35 pounds overv:r‘;]i‘;i]: ?::ib:: ,r: atlebfelml.
of —32 per cent, smoked more than a pack of cigarettes a d:x and iy ak Odlsm
eight-hour shift, sitting on a rubber-cushioned seat, with the }{,at (;’V lf)r o
t}:iedmotnr arising through the front of the bus. He had no ex cise atall s of
addition, wore “skin-tight” underwear, that i
maintam the testes cl§se to the bod);, }:::tdls;l;};:tr tts.h(;f tt:]:] suspte neory Bpe, which
content adversely. Correction of these factors improved hi D epure of the scrotal
than 10,000,000 to 57,000,000 in five months, wiﬂI: subse g o count from less

® A therapeutic tnal with estro; . quent prompt Conceptmn_

enic subs
vesults (Proc. Int Congress Obst, Gyn;‘t: ,Stg:;?xsﬁ Tot7,

ercise at all, and 1n

g)gested by Douglas, may produce
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mucus may be receptive and life-prolonging to normal spermatozoa for only a few
hours of the entire menstrual cycle.

Again, anyone can Jearn to do the postcoital examination of the cervical mucus
for the p ¢ or al of sper but still the technic and the inter-
pretation of this test are currently two of the most disputed points in almost every
conference on buman infertility.

POSTCOITAL EXAMINATION OF THE CERVICAL MUCUS
FOR THE PRESENCE OF SPERMATOZOA

The Huhner test, or the Sims-Huhner test, for the demonstration of living
spermatozoa in the cervical mucus at the proper time of the menstrual cycle is
the most valuable adjunct to the investigation of the male and should be carried
out by the physician who is examining the wife. The information should be trans-
mitted to the doctor investigating the male. To be sure, it is probably preferable
for one doctor to do the e 10ns on both the husband and the wife. Perhaps
the urologist investigating the male might have the privilege of requesting that
the wife report to s office for the investigation for the presence of spermatozos
in the cenvm, with the permission of the rcfemng physician. In this way, more
stamned smears can be done on the sperm found in the cervical mucus.

We have found that m over 20 cases, without exception the number of normal
forms of stamned spermatozoa i the cervical mucus exceeds the percentage of
normal forms found in the bottle specimen (Simmons). This obviously imphes that
if cenvical msemmation takes place at all, the healthy normal sperm survive and
the abnormal and d d forms di As has been ind d, it is not proper
to condemn a male who has too few sperm i either the cervical mucus or the
bottle unless both tests are carried out more than once. The optimal time for dowg
the postcoital cervical exammation 1s during the wifes period of ovulation, which
is normally around the 14th day of the menstrual cycle, This test can be carried
out usually anywhere from the 11th to the 14th day However, care must be used
mn interpreting tests made after ovulation has occurred, for Pommerenke and
others have demonstrated that the cervical mucus has a sudden hostility to sperm
mvasion within 24 hours or longer after ovulation as depicted by basal body
temperature curves.

The technic is simple and consists mainly of exposing the cervix with a bivalve
speculum, wiping the excess mucus from the cervix with couon, and takmg 2
bacteriology lo .
cervical canal
the presence of |
considerable argument as to what 1s norma] and we have chosen to consider as
normal a cervical mucus that reveals 25 to 50 actnely motle spermatozoa per
high powered field One sperm hiving mn the cervia indi that cervical i
tion does occur, but does not imply that the insemination is that of a normally
fertile individual. A repeat postwlml test should be made if no sperm are found
under various g the ad 1on of the Ringer-Locke
solution as a precoital douche during the fertile period. We are stil at a loss as to
the explanation for the failure to find living spermatozoa in the cersical mucus in
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Eaposure to venereal disease can be politely anq expcdiliously introduced :\t? Sh;
pomt. A good technic is to say: “Did you have intercourse }?v:‘fore marnage
the answer is “No,” we are compelled to assume that the md\\'llduual' h:».f not been
evposed to venercal disepse before martiage. If the answer is “Yes,” one then
nquires as to haw old the individual was at the time of lht:: ﬁrst.conmct, whether
protection was or was not used, and whether or not there is a history of venereal
disease. If the widividual has had vencreal disease, we should hnow what kind of
treatment he had, how long it was given, and whether any adequate assay was
made at the lusion as to his subsequent fertility. 1f there was imolvement of
the testes or epididymis, subsequent examunation should reveal discase of the
scrotal content It is fair to say that an individual with a known history of gonor-
thea ' ' ' teeol anididvmal involvement, and who has no sperm is stenle,
awit o . “ It s also
HUe turay e vonn == : . . . years after
the disease, all could immediately be offered cpididymovasostomy because all 25
showed normal spermatogenesis in the testes and live sperm in the epididymis.

The following systems requnre routine questioning with the appiopriate elabo-
ration of investigation as indicated by the individual case:

Curdiorespiratory Discase. Is there any pain in the chest, caugh, or difficulty
in breathing? These items need to be elaborated on if positive responses are
elicited.

Gastro-intestinal Symptoms. s the appetite good? Bowels regular? Any bleed-
ing? Here can be recorded the weight and height, with particular attention to
marked changes in the weight in the prepuberal or puberal era, or after marnage.
If there are marked changes in weight, it should be investigated ﬂwrough]y, as,
of course, obesity 15 a known factor in infertility.

A patient may has e marked secondary anemia from chronic blood loss fiom the
gastro-intestinal tract. Fluctuations in weight may reflect the general health pat-
tern, or some specific endocrine or nervous upset.

Luwer and Vitanun B Therapy. As the pattern of the patient’s history and later
phystcal examination mdicate the possibiity of liver damage, liver failure, or
disorder of the digestive function, reference should be made to details in the
history suggesting the advisability of special tests for the investigation of the liver.
Biskind and Biskmd introduced the idea that there may be some disorder of the
Inver-gonadal systems on the basis of vitamin B inadequacy. Recently they also
mtimated that vitamin E may be a factor.

\\’xt.h the return of the large number of om troops who had been eaposed to
xxx(ec‘;;%{xs h}epatms, this pm.blem presents itself en masse, There is a distinet
Flf:: 3 :,y that a damaged ]x? er may not metabolize e.s(ragens and androgens in

proper ratio. Locally, in New England, those individuals coming to our
?é::’::;“s“’:’zf tl;:;\: r};atg ; }flrlf;;l)"hof ifxfecticus hep?mis have demonstrated their
e war by becoming parents. Thus far none of

(llcs.e men has been found to be wfertile, but thus does not rule out the necessity
for investigating the status of the liver. The subject is stil in such 4 state of fsllui

that it 15 essential to eall m the assistance i
s of the mternist, particular] i
ested in liver diseases, to do the imvestigatne w _ o et

5 tver vork. There is
for investigation in this aspect of male infertility. 15 a tremendous feld
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Fasnuy History :

Details should be elicited regarding the father and mother, living or dead, age
of death, cause of death. 1t is not unwise to record the occupation of the patient’s
father at the time the patient was concenved or thereabout. The number of sisters
and brothers should be recorded, and whether the patient is the first, third, or last
chuld, and the number of years between hum and the preceding chiid. The ages of
the siblings are smportant and whether or not they are married and have repro-
duced, Patients often state that, since they come from a Jarge family of peshaps
6 or 8 siblings, it is Jogical to assume that they are fertile. When 1t is pointed out
that one out of 6 marnages is involuntanly sterile, it is logical that 1 out of 6
siblings may be sterile.

A reproductive history of brothers or sisters 1s valuable to record, as well as any
family history of twins, If the patient himself 15 a twin, the status of the other twin
should be mvestigated. It has been reported that in a set of twins one will be able
to reproduce and another may not. It must be estabhshed whether there is any
farily history of tuberculosis, diabetes, heart disease, endocenne disease, malig-
naney, ifertility, or frequent miscarriages.

Past History

The past history can easily be disposed of by three pertinent questions: "Have
you had any operations, accidents, or illnesses?” If the answer to these three ques-
tions 1s “No,” it is apparent that the individual has always been fairly well. How-
ever, the details must be elicsted if any of the answers are positise. For example:

Operations The nature of the operation, the date, the hospital, the anesthesia,
and the surgeon should be recorded, as well as the duration of the hospital stay.
In imvestigating male sterility, 1t is freq ly y to i wath the
hospital or doctor to get a written report of the operation and pathologic findings.

Accidents. Accidents should be recorded in detail, particularly those that had to
do with head injuries, including ion or loss of with potential
residual damage to the pituitary or hypothalamic area. Injuries m and around the
pelvis are important as regards trauma to the external and internal gemta]m
However, if the male has recenved a blow in the with 1
formation or swelling of the gonads, 1t does not mean that he is sterile. Torsion of
the testis, on the other hand, is an entirely dufferent type of trauma and frequently
results in loss of the function of that gonad.

Hlnesses. The 1linesses nf a serious nature that are important are pneumonia,
tubercul 1 inf (particularly of the upper respiratory appara-
tus), local mfechons relative to the groms, eaternal gemtaha, prostate, bladder,
and skin. Chronic disease of the scrotal skin results in elevated temperature of the
scrotum and 1its content, and many patients with skin discases of the groin or
scrotum have had roentgen treatment, often without protection of the gonads.
A history of roentgen therapy itself should be sought, with the time, the date, the
duration, the amount of radiation, and the doctor administermg treatment. The
usual ¢childhood diseases should be noted, with particular attention to mumps and
whether or not the mumps involved one or both gonads. Diabetes must be ruled
out.
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To be sure, there are many males whose alcoholic habits exceed what we con-
sider to be excessive, but who do not complain of infertility. Perhaps that portion
of the medical profession that does not consider alcoliol important does not h:l}'c
to sec and treat the male population complaining of lessened fertilizing capacity
and, therefore, believes these points to be unimportant, From the standpoint of
improving physical fitness, however, the medical group usually recommends
temperance. In other words, 1f the husband drinks some aleohol daily, he is urged
to stop for at least a three-month period. If he drinks moderately, once a week or
fess, he is advised to stap, but nat urged to. The reverse is true occasionally in
cases where psychologic factors seem to interfere with the male’s wooing and
winning capacity and when the relaxing effect of alcohof builds up his courage
and lowers his morale to the point where normal sex behavior is not considered
wrong or immoral.

Encessive use of coffee, tea, and ather stimulants is also deleterious to the
spermatogenic function and if the history records the incidence of intake of more
than one cup daily of these beverages, steps should be made to correct this. The
soft drinks themselves are not free from suspicion, for it has been common prac-
tice for workers in factories and large office buildings to consume three to six
bottles of soft drinks a day. Moreover, a recent article states that the excessive
consumption of soft drinks may cause damage to the liver.

Drugs. In recording the history, one should normally elicit the intake of various
medirations proprietary and otherwise, to which the individual has been habit-

L i

Tonng wmenbonms < o2 [ . N - ' N
Other patients have been taking various proprietary remedies for the relief of hay
fever over long periods of time, even in the form of injections of substances which
may be deleterious or harmful to their general efficiency from the reproductive
pomt of view. Patients with peptic ulcers frequently consume abnormal diets,
wiich are compatible with normal health, but not with reproductive capacity,
over long periods of time. Faddists may go for years without proper protein intake,
As the medical literature implies, mcreasing consumption of sedatives of one sort
or another js a noxious influence on the reproductive capacity, if for no other
reason than that they alter the general physiology. To be sure, occasional seda-
twves are indicated to relax a tense individual, working under a ternfic Joad, who
finds 1t impossible to relax and get enough sleep. ’
Hormones. It is necessary to go into detail as to the amount and type of hor-
mones that have been administered to the mdividual before he comes to the
present exammer. Many males have taken old-fashioned oral preparations of
w‘hole glands which are technically of no value whatsoever. Others have been
given large doses of gonadotropic hormones or testosterone parenterally for lon,
co;lxlrses of treatment There is no doubt that t in ad 4 :
will cause azoospermia n an i i re
was started, andplt has b%?e:tg;:llig}‘::}l ‘t‘:‘; E:ﬂr:g:;: ;gf:go}::(f;ll:i ;1}::; e in
adecna s 0 ‘mones in
ek 0 o for 1 ol oo o o o, I ma ke some
cnsble th examiner o get th oo e ozzs:ahme ications to disappear and
semen specimen, P! y e male in question from his
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Genito-urinary Symptoms Does the patient suffer from any nocturia, dysurfa,
frequency, or hematuria? Here one can introduce queries related to the sex life,
as well as details of venereal disease and treatment. Congenital anomahes fre-
quently appear in the history here,

Neurologic Signs. Are there headaches, dizzy spells, spots before the eyes,
nervous disorders, or epilepsy? These should be the contributions by the patient
of his neurologic past, that frequently do not come out in the first interview.

Recorp oF Habrrs

Tobacco. It is necessary to be specific as to the amount of tobacco consumed
daily, the number of years it has been used, and the effect on the individual as
regards loss of appetite, easy fatigability, and headache. The effect of tobacco on
reproduction has often been mentioned, but it is difficult to prove its deleterious
influence. There is little doubt that the consumption of more than 20 cigarettes a
day is excessive smoking as regards the general health, to say nothing of the
repmducli\'e pattern in some cases.

In selected cases 1t bas been quite apparent that a low sperm count, lessened
motility, or too httle seminal fluid will respond to the nigid avoidance of nicotine
m any form on the part of the patient. This 1s particularly true in those patients
whose work is indoors, sedentary, and productive of severe mental fatigue. It is not
uncommon to find business executives, teachers, and stock, bond, or insurance
salesmen whose daily ration of cigarettes runs between 40 and 50,

The hustory should include the number of cigarcttes smoked daily and also how
many years the man has used that amount, whether he has ever stopped smoking
for more than one month without good result, and what other symptoms he has
noticed from excessive smoking It 1s our practice to require all men who defimtely
want to improve their reproductive capacity to stop smoking entirely or certainly
to lumit their consumption to fewer than 10 cigarettes dauly.

As regards pipe tobacco, cigars, and chewing tobacco, the same observations
hold but to a lesser degree. The aim here is extreme moderation rather than com-
plete abstmence. In underweight patients, ulcer problems, and those who slecp
poorly or eat poorly, remarkable improvement will result from strict self-denial.

Alcohol. The excessive consumption of alcohol in any form has been noted for
years as h dous to proper sper genesis. All agree that the acute or chronic
alcoholic and others who abuse this social practice may have lowesed fertdity.
Thus is presumably due to the toxic influences of alcohol on the system in general
and the spermatogenic cells in particular. Alcohol has been demonstrated to be
excreted by the prostate and the urinary tract, This does not provide a suitable
medium for the sperm. The end result is lowered efficiency on the part of the male
who overindulges 1n drinking,

It is wise to record the ficquency of alcoholic intake, the amount consumed, and
over how many years If the indwidual drinks daily and has doue so for three to
10 years, he may have a less eficient reproductive system than a man who does
not drink. 1t is probably sounder to indulge 1n several drinks over a week-end
after which the system is washed free of these impunties than to have two glasses
of wine, cocktails, or whisky dady.
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particularly confusing because of the war ycars, as many men have been working
overtime to make up for the time lost in the armed forces. IF, as is often the case,
the husband has taken no vacation in six or eight years of marriage, and has been
working under severe business strain, with attendant family responsibilities, fre-
quently of an emotional nature, the absence of vacation of any form is important.
Certainly, the minimal fair vacation for the individual trying to maintain a proper
physical and mental capacity not disturbed by chronic fatigue is two or, prefera-
bly, three weeks, and for those engaged in mental work, four weeks. This should
be either in the form of 30 days off per year, or four 10-day periods at separate
times during the year.

The history may uncover the fact that the individual takes adequate time off
from his work, but utlizes that time in estracurricular activities of a pressing
nature, such as charitable or religious organizations, lodge and club activities, etc.
It is obvious that a person whose working days are spent driving a car or traveling,
does not get much change in his environment by taking a trip in a car or traveling
for his vacation, It is also evident that the average worker does not get much
change in his environment if he takes his vacation by remaining at home doing
work about the house. A change of scene and activity is as important as freedom
from work.

Dict. Careful record of the food consumption should be obtained. This can be
done quickly by inquiring if the individual has a glass of milk, fresh fruit, two
vegetables, meat or fish, at least one egg, salad, and cereal daily. If the diet is
deficient in any of these items, it should be corrected. If the diet reveals a marked
i in caloric ption and low protein intake, this should also be
corrected. If the individual eats no breakfast, a sketchy lunch, and an enormous
dinner, or eats a small breakfast and no lunch, regular habits of eating should
be stressed.

1t is fairly well established that the digestive processes handle small amounts of
food at regular intervals better than large amounts following long peniods of fast-
ing. If the medical, nutritional, or dietary history reveals inadequate intakes of
vitamins and minerals, appropriate adjuvant therapy, in the form of pills or
capsules, may be indicated. The finding of the apparent lack of vitamin A or E, or
even B, C, and D, in the history, indicates the necessity for the administration of
a.ulequate vitamin therapy. However, it has never been established that the admin-
istration of all the vitamins, A through E, will be rewarded by prompt reproduc-
tve results. Here agam, the hterature is full of articles demonstrating the value of
DS L s et e sl v
of value in the restoration of male reproducti: . tha{nm has never been proved

productive capacities.

MisceLLANEOUS CONDITIONS

Isolated but important factors mn certain cases melude
stances of the following, and
made of these cases.

Influenza is said to cause blockage of the vas deferens.

Chronic prostatitis is extremel , and responds favo
] common, and
iron oy y al ponds rably to massage at

several important in-
if the history elicits such, a special search must he
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Habits of Sleep. It is important to record the time an individual goes to bed
and the tune he gets up, thus estimating the amount of sleep that he gets per
night. How that patient sleeps should also be recorded. If an individual works on
a night shift and sleeps from 7 A a. to 3 v, everyone will agree that hus sleep

Coital Habits Having guded the patient into bed by this appru:ch, it is casy
to turn his attention to coital habits. How often is tercourse practiced? The
reputed average 1s two or three times a week Is 1t satisfactory to the husband? It
usually is. Is 1t satisfactory to the wife? It frequently is not. At least 40 per cent of
wives are sad to get no satisfaction from mtercourse. What position is used? The
usual position is that in which the wife 1s on her back, the husband above. Varia-
tions, and reasons for them, should be noted. Has contraception been practiced?
1f so. what kind, how long, and is it mvariably or sporadically used? How long
ago was contraception abandoned? If 1t 1s more than one year the patient deserves
careful study. If it is less than onc year, it is probably sufficient to ascertan
whether the individual has been exposed at the right time of the cycle often
enough to promote pregnancy. If that is not the case, give appropnate advice
regarding the fertile time as evidenced by basal body temperature recordings over
a three-month period, and then pick up the threads of the study from there. How
often was intercourse ndulged i m the first two months of marnage? If the
answer to this is mightly, or more than nightly, careful attention should be paid to
the husband’s seminal fluid, as some males become either aspermic or oligo-
spermic by sexual excess Here too, one may learn that intercourse was impossible
dunng the first two months of marriage There aic various reasons for tlus, some-
times psychologic angles from the husband’s pomnt of view, and sometimes phys-
ical angles from the wife’s point of view The first few months of marriage are
often decisive mn determining the couple’s freq of se and sub t
fertility.

All of the above questions in this section require careful, gentle, but persistent,
pursuit until they have been satisfactonily answered. Ordinanly these questions
are run-of-the-mull, and adequately answered by a patient on the initial interview.
However, it is pertinent to see the wife also, as an entirely different story may be
elicited from her Furthermore, after the physician has become better acquasmted
with the patient, he may find occasion to go back to this section of the history, and
may collect details which did not come out at the mnitial interview.

Exercise. A record should be made of the habits of the mdividual, relative to
exercise now and 1n the past. If he was highly athletic up to and including sin
years prior to the mterview, and then initiated a sedentary existence, hus physical
fitness has definitely waned, and possibly hus reproductive capacity. If an mdi-
wvidual 15 eatremely athletic, overdoing it, as it wese, or of he is i hus fomth or fifth
decade, moderation should be mtroduced The sedentary situation will be more
likely, however, and will requirc the appropriate attack. Careful searching for this
type of history is important i selected cases

Vacation. The amount of vacation an individual takes each year should be
recorded and also the number of years he has gone without vacation. This is
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Cuest

Exammations should include observation of the distribution of body hair, tl.w
presence or absence of gynecomastia, as differentiated from subculm.mous fat in
the region of the areolae of the breasts, and the search for scars. Routine observa-
tion, of course, on heart, lungs, and blood pressure is recorded,

ABDOMEN

The distribution of hair and pubic ha, the presence or absence of sears,
obesity, tumors, or signs of malnutnition are important. Occasionally a patient
fails to recall an early hernia or operation for bilateral hernia, which may be the
clue to his resulting azoospermia,

EXTERNAL GENITALIA

With the patient lying down, the examiner should study the eaternal genitalia
by mspection and palpation, noting the size of the penis, scrotum, testes, and
accessory seaual apparatus, It is easier to palpate for the presence or absence of
the vas deferens with the patient recumbent, and there is an increasing incidence
of the absence of the vas deferens either unilateral or bilateral as the examination
proceeds. One can also feel beading in the vas deferens in cases of gonorrheal
involvement of that structure. Occasionally the individual has had a vasectomy
and the blunted ends of the divided vas may be palpated subcutaneously. The
size and consistency of the testes can be noted and approximately recorded in
centimeters There 15 a need for a satisfactory measuring device for the gross
testes 1 situ, One often discovers that the testis is abnormally large, but transil-
lummnation will reveal the presence of a hydrocele encircling the gonads and
actually a small gland. A search for tumors of the testes, epididymis, and asso-
ciated structures is fortunately not often rewarded by the finding of one, but in
routme studies, testicular tumors are picked up with sufficient frequency to make
the search an essential requirement at this point. Any suspicious tumor n the
testes, 1n its accessory structures, or in the scrotum itself, should be promptly sub-
mutted to surgical excision for microscopic evaluation. It has been the writer's
privilege to effect a cure i a man with a malignant testicular tumor, whose imtial
mass measured 1 X 0.2 em , as a hard, fixed, nontender nodule in the region of the
left vas and epididymis Surgical excision revealed a seminoma, and the first
operation was foll.owed by orchidectomy and subsequent radiation in July, 1942,
The patient stll is alive and well. He and his wife have adopted 2 children
and have a hapPy family life, It cannot be too highly emphasized that, eyer:
lhm;)g}:ith? ]e]xax(x]xlmer f(lfels that the nodule 1 question is not a tumor, the only safe
method of handing the problem 1s surgi it i
studies. In other »w%ords, Sle finding gical excision and adequate microscople

1 er v of an unsuspected tumor precludes further
stenlity investigation until the absence of malignancy has been determined surg-

scally and microscopically. The patient should then be exammed 1 an erect
position and again, after the inguinal rings have been checked observatinnsreC
made relfmxe to the penis, scrotum, and ts contents, with the, atient stand; e
Here varicocele will present itself for the first time and occast ; 11 desocns
of the testis becomes mor mally et Sescent

e apparent. There is an emotionally unstable type of
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Stricture of the urethra is except following trauma, instr ion,
or gondrrhea, and can be suspected from the history.
Premature efacult while frequently a complaint, is not important unless the

Sims-Huhner test is negative, which implies that there is no insemination of the
cervix,

Dyspareunia, due to painful reactjon on the part of the male, may also be caused
by balanitis, Trichomonas vaginals, sensitivity to rubber, sensitivity to various
chemicals, venereal warts, or just plain trauma.

Dyspareunia may also be the result of painful reaction on the part of the wife
from too small an mtroitus, lack of Jubrication, faulty technic, Trichomonas
vaginalis, and other forms of vaginitis acquired from or transmitted to the sexual
partner.

Faulty insemination after lambar sympathectomy, following the injection treat-
ment of hernia, and, rarely, sterile motile spermatozoa, are reported.

Impotence. This rare condition in couples complaining of infertility requires a
complete study of both partners and frequently the aid of a psychiatrist. It
requires tact, patience, and understanding as well as time on the part of the
doctor.

Coitus inter Femores. This practice requires treatment of wife and husband,
and a considerable amount of time devoted to the education of the couple.

COMPLETE PHYSICAL EXAMINATION

The individual should be prepared for a physical ination, and
should produce at this time a specimen for urnalysis, This guarantees an empty
bladder, which is just as important m the male as one approaches the pelvic
region, as it 1s in the female before pelvic examination, and creates an element of
relaxation which does not exist when there is a full bladder. The patient should
be stripped to the waist, or preferably completely stripped. In the course of the
routine physical carried out 1n the customary manner, particular attention should
be directed to the following items: general body buld and configuration, span, fat
deposition, distribution of hair, growth and size of eaternal genitalia, size of
prostate, and the presence or absence of scars, tumors, and gonads.

Heap

The amount of temporal recession of the hairline should be recorded, as many
hoid or hypogonadal individuals do not have recession of the temporal hair.
Record the presence or absence of baldness, the amount of beard, and the age at
which shaving became necessary. Note the reactions of the pupils to light, the
deviation of the nasal passages, the status of the throat, tonsils, and teeth. Some
men have a considerable amount of dentat work or capped teeth and roentgeno-
grams may reveal silent abscesses of the teeth.

NECK
Note the presence or absence of cervical glands, the thyroid, and/or scars.
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column of blood upon the left testis, Dbut because the stagnant column of bleod
senves as a heat supplying sowce not only to the left gonad but also to the right
which Ties in jurtaposition. Futhermore, f the indisidual 1s aware of the vari-
cocele and has symptoms fiom it, lic is 1ather prone to wedr a suspensory for Jong
periods of time, even at night, and ths interferes with the thermoregulatory
mechanism of the scrotum, an increasing factor in the causation of male infertility.
The treatment of varicoceles will be taken up Iater. Lesions of the scrotal skin of
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a dermatologic nature should be noted and a dermatologist i
;oulght.hlilarsly does an mdividual present himself for stﬁtgi;t\il?cpllzllnj:ail:xlflelilhe
he has f‘ :fte.ml undescended testes, If the individual 1s past the age of 16, f por
reclingfl (;) nius mflerh!xty 15 not indicated Careful palpation of the v%i (:iefex:enusnhedr
QEOOSP); r:m\‘v:‘ 1t F}::;kpz}:, tT:S:h ecas}e;sﬁ:)cfa lg:norr‘heal epididymitis with ntteu;nr:zt
Smsfnce or absence of what 1s cSIIZd "skuﬁ;;;?tmul:;elrt\\iaax}s”ot:el'l “;(Yecord b
horts or suspensory type of underwear, which prevents the t,estiseh!zrcn Z};ptg;: o
-
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patient in whom, as he stauds erect, one ebserves that the testes are held close to
the body by hyperriitability of the cremasteric reflex. This may influence the
scrotal temperature. If a varicocele is discovered, the patient lies down agam and
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Fic 1-The male gemto-unnary organs i median section
(Dickinson, R L Atlas of Human Sex Anatomy Ed. 2, Wilhams and Wilkins Company, 1919.)

©199¢

a note 1s made as to its stze Varcoeeles are classified as sinall, medim, or Jasge
Probably small and medum varicoceles ae not responsible for a patient’s infer-
tlty, but a so-called large varicocele may be a factor in mfiuencing the sperma-
togenesis of the individual, not so much from the standpoint of pressure of this
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g its normal thermal environment as regulated by the dartos muscu]}a\urc, Itis
probable that deleterious influences affecting the thermal mC({Ilal?lS.n] of the
scrotum may adversely affect the spermatogenic function of the u.)dlvxdual even
though he has a normal sperm aualysis. I 8 af 50 men presenting lhcmse]vci
complaining of infertility, the observation was made that “shinstight underwear’

lad been customarily worn for from three to 10 years.

The penis is inspected, the individual is instructed to vetract the foreskin, notes
are made regarding phimosis, paraphimosis, epispadias, hypospadias, and the size
of the urethral meatus and of the faccid penis. Tn cases of suspected phallic
inadequacy, it is possible to obtain accurate measurements of the erect organ by
instructing the patient to draw on a piece of cardboard a pencil outline of the
erect argan, by placing the cardboard beneath the penis, close to the scrotum, and
using a pencil to outline the organ on the piece of cardboard.

According to Dickinson, the average length of the erect phallus is 83 i, or
16 cm. Kinsey reports 6 2 inches. The average measurement for the diameter of
the midshaft of the phallus is 1.25 to 15 .

Prostamic EXAMINATION

The physical exatnination usually terminates with a digital rectal examination
to explore the prostate and seminal vesicles. This 1s best done with the patient
bent forward so that his elbows rest on the table while the gloved and lubricated
mdex finger ss gently introduced through the anal sphincter. At this time inspec-
tion is made for hemorrhoids, fissures, and pruntus ani, The finger sweeps over
the entire prostate and vesicular area in a gently massaging manner which nor-
mally causes the production of a copious amount of prostatic fluid per urethram.
Swee the man has been provided with a glass shde he is instructed to catch the
flud on the slide. Examination of tlus fresh matenal is made microscopically at
once and the record made of the presence or absence of white blood cells, red
blood cells, sperm, and other cells. Often no secretion is obtained on the imtial
visit. The test should be repeated. It is the author’s opinion that in the absence of
recent emission of fluid, failure to secure fluid on a properly performed massage
mdicates paucity of the accessory sexual gland secretions and is more commonly
found m infertile males. As 1n all of these tests, however, conclusions should not
be drawn from an isolated trial.

i The fluid is then smeared on the slide, dried, and sent for gram stun examina-
tion. This massage must be routwe and the findings are often revealing,

TESTICULAR BIOPSY

Since Hotchhiss introduced the technic of test
h;ns lhad occasion to do over 460 cases, many of them repeated after various forms
of tlelrlapy. It 15 a distinct contribution to the iny estigation of the infertile male,
as I\JVt las t; the study of endocrme problems. If introduced early enough in the:
pubera and lmsti)uf)erzfl years, it may be possible to learn more about spermato-
;é:;‘eixs, an b{he :indxcatmns for hormonal therapy. In all of the cases of obsl:ruction

ich numbered over 23, the testis revealed normal ;

Jmbered over 23, the spermatogenesis, in spji
obstruction varying in duration from one to 29 years. Nine cgases oi ]co:g::t:'toi
ita)

icular biopsy in 1939, the author
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Fic 6—Spermatogenic arrest The tubules are normal 1 size, there 15 no thichening of the
basement membrane The primary and sccondary spermatocytes appear nomal, but there s a
generalized “arrest” at spermatid formation Few to no mature sperm are scen These cases,
6 i number, have responded as yet 1o o form of therapy.

{Howard, R P, Smffn, R. F., Smmons, F. A., and Albnght, F J. Clm, Endocrinol 1950 )

=

E:::m\i,' -I;;D%ri;ss;w tubular sclerosis ]( Klmefelter syndrome ). There 1s marked dimunution in the
er of whules; some are completely wiped out; some are al
thickening of the basement mcmbrane There s oo o o ey merated by marked
15 no spermatogerue activity and th
parent ncrease of the Leydig cells, amounting al Y festibty 15 0 ol o
3 g almost to hyperplasia, The fertihit
proguosss for restoning spermatogenesis 1s thus frapr 0 1n our he::tnxdxsy 1#0 and the
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Fic 4 —Normal testicular biopsy The tubules are umiform 1n size, there 1s nonmal progression of

spermatogenesis from the large primary spermatocytes near the thm basument through the mass

of the tubule to the lumen where the litle black dots are mature sperm The Leydig cells
appear normal.

(Howard, R P, Smffen, R F, Simmons, F A, and Albnght, F.. J. Cln Endocninol. 1930.}

ST
5. Fe
- o R

Fic. 5.~Complete aspermatogcneas Here 100 the tubules are umform m size, but they are

devond of any spematogeme cclls The long thin cells rescmbling the spokes of 2 whee afe the

Sertol cells which provide nutnition and support to the germunal (pathelun and are normally

compressed by it. Chinically none of thesc cases sespond to any form of therapy. This biopsy

\llustrates at once the type of male who can be advised to interrupt the stenhty i estigation
and make plans for adoption.

{Howard, R. P, Sniffen, R F, Simmons, F A, and Albnght, F.: J. Chin, Endocrinol, 1950.)
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Autnons Trenmc yon Testicutas Biovsy

Biopsy of the testis is a simple nocuous procedure that may be carried out in
the office, outpatient department, or, pmfemb\y, « small operating room. Local or
pentothal anesthesia suffices, The patient is immediately ambulatory and loses
little time from work, The male is placed on the operating table with no prepara~
tion except a soap and water scruby and suitable antiseptic to the scrotal skin, and
draped. The testis is grasped between the first and second Engers of the left hand
{Fig. 9), under gentle but definite tension so that the serotal skin is placed on the

gD

e wys i wuwa G L0¢ TURIKE Ttema cotenng the testis in the depth © wound, as

s of

shown by the cuned blackllme  the schematic cross section. Undenl-’ nomc:: (\;ogzgélﬁ
the p dure is dly panless.

stretch and the testis is taut beneath the skin. Af in i
h . After novocain infiltration -
:::11 ane:»stl\esxa), a small scalpel incises the skin and subcutaneous tissue El(t::vﬁe:‘a
! i :ll;mca elee}l;nad for 2ﬁcm.h This is gently wncised and a drop of clear fluid is seen
auding, which identifies the opening of the sac, Th i
testis appears in the depths of the wc%und. - The clear shiny surface of the
After increasing the tension of the I
eft hand 1o fix the testis n inci:
 ing 3 > the incis
gently incises the tunica interna 1 em. (Fig. 10} which allows the tub: ;‘7“- e
miss to be squeezed gently through the opening, s a
In Fig. 11 the tubules are seen to extrude throu

with the testis firmly grasped by the left hand to B e round sod i s possible

trim off a piece of tubular masg
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obstructive anomalies have been picked up, with normal spermatogenesis still go-
g on in the testes. Figure 4 illustrates the normal appearance of the testis, If
an individual has no sperm, and shows a testis as indicated in Figs, 5 and 6,1t 1s
obvious that no hormonal therapy is indicated and his case is hopeless, as far as
fertihty is concerned. In our series we had 18 such cases, and in none has any form
of treatment jmproved the problem of the spenmatogenic arrest. Figure 7 shows
the appearance of the testis in men who have what is called Klinefelter's syn-

Fic 8 —Sperm suspension n one square of red blood cell ficld of a counting chamber. X 440
(Hotchhiss, R S.. Fertality 15 Men Philadelphias ] B Lippmcott, 1944.)

drome, which usually consists of gynecomastia, small testes, and a hugh level of
follicle stimulating hormone 1n the urine. These cases may still show this micros-
copic picture 1n the testes in the absence of either small testes or gynecomastia,
or hugh FSH, as Nelson and Heller have shown. Thus, in males who haye no sperm
1t 1s possible by one simple procedure, namely testicular biopsy, to state definitely
that therapy is of no avail and the individual is saved much time and expense.
He has found the cause of infertiity, and can promptly turn to other solutions,
suchas h logous artificial i ination or adoption.
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o masturbation, in a clcan dry botile, after an abstinence period of five days or
more, and deliv cred in the office \within two hours of the time it is produccd. It is
further essential that at Jeast tho specimens be examined if the Brst is not normal
in every respeet. Analysis of the semen is not considered normal if there is too
Inttle or too much volume, increased viscosity, too Jittle motility, too few sperm per
cubic centimeter, or per ejacula\e, and toa few normal forms. Since the most
important single item i the assay of male fertility is the scmen analysis, correct
instructions relative to carrect collection, correct examination, and correct inter
pretation are 2 sine qua non

oA

Fic. 11,—Testienlar biopsy, author’s technte (step 3)s A

head of a Tatchen mal(g 1s tnmmed off with ePcul\ed Blesa ‘simosio‘rl;ba“sh:t l:;af l:f:lj‘dz eihaf :h;:‘
the tiny masion of the tumea intema. Cross section shows only one tubule Il"‘ll fact, th e
secured shoudd contain six to 10 tubules in cross section microscopically. Pressure 1s th S t'lI:sxue
and the tubule mass and testis self retract wathin the scrotal sac. No sutures 1 th ﬂ: relared
necessary. The skin is closed with one or two black sitk stitches. ¢ fosts are

Mersons oF COLLECTION

. Tl:le pau;;nt is \e;'lbally instructed by the doctor to refrain from intercourse for
ve days, then on the morning of the appointed test t i
d 0 have intercour:
to withdraw at the appropriart,e momen! i s
t, and to ejaculate into a clean ;, Wi

n‘x:l;gled]glﬂss ]rlec;lepmclef\vilh a cork stopper or a screwed-on top. H,edx? ;o“:]g;

whether he spilled any of the specimen. The specil i i

e B e ot s collea n. The specimen is to be delivered within

O ection, right side up, to the office. It should be Lept

2t the em fon emperature, and no effort should be made to keep the i
y temperature. Specimens in our laboratory collected in an)[’othespem.

4 r

of container are discarded and the test is repeated. The S}'P‘j
LY

is then
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the size of the head of a kitchen match. A special curved ophthalmic iris scissors
1s used o secure the biopsy. The tissue is immediately placed m a fisative of 1
per cent glacial geetic acid iu Zenker's solution hefoie jt dries ont. The tension
mamtamed uatd now by the left hand is relased and the tubules drop back withm
the testis. The testis retracts within the skin, There is usually little or no bleeding
but this is watched for, If necessary, pressure or a fine silk tie will control the
bleeding, No sutures are placed in the testis, The skin is closed with one black sifh

2,

Fic 30 ~Tesuicular biopsy, author’s technie (step 2)- A 1 an. maision 15 made with a scalpel

through the turuca interna as more pressure 1s exerted by the compressing left hand This apens

the testis atself and the ycllow substance of the tubular mass presents aself There is usually
no bleeding unless a definite vessel 1s disided Cross section shows the depth of the wound

stitch, Dry stertle gauze m quantity 1s apphed and the surgeon himself adjusts a
properly fitting suspensory to the scrotum This holds the bandage m place and
provides a good pressure dressing.

The dressing is left alone for five or six days when it is taken down and the
stitch removed. There have been no complications except minor bleedng in over
500 operations. The procedure can generally be done on one side only if the testes
are grossly simuar, but if they differ, bopsies of both should be dove.

TECHNIC FOR SEMEN ANALYSIS

Almost all suthorities now agree on the bottle method of collecting semen,
despite the frequently noted k dation that collection via condom
orp ti e may be adeq) It is essential that the examining physician
anderstand that the semen must be collected as described below, by withdrawal
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TABLE II
SLAIEN ANALASIS
{ Modified from Williams and Weisman)

BEFLURED 1Y .,
DATE <0 <4

Method of Obtaning Specimen:
{Please check box)

1. Manual ejaculation at lab, mto glass jar ... .
2 Cotal ejaculation and withdrawal mto jar ..

3 Condom method used i collection

Date of Ejculation:
Exact Time of Ejaculation.

TIME OF ARBIVAL OF §
NO, OF DAYS SINGE LAST EJACULATION ..

PECIMEN oo

ninin}

Tame Elapsed Between Ejaculation and Arraal at Office.

Approxunate Temperature Qutdoors:

Physicochemical Test
1. Volume v.vovenuans
2, Tushudity
3. Viscosity ........
4. Phalanx Formation ...

Microscopic Evaluation of Spermatoz
1. Number per cc, .
2, Morphology:
(from lnng and stained specrmens)
a. Percentage of abnormal forms

1 Pynform heads
1, Microsperm .
w Megdosperm ...
1v. Miscellaneous abnormalities
v. Abnormal acrosomes .

3. Number Dead on Ammval .......... ..

4. Comparatne Motihty:
5. Motionless (dead)

1. Moderate meblity or swift moving .

b. Differential count of abnormal forms

{Normal)
(3t0 5 cc.)
(milky opaque)
-+ (After Lquefaction, casy flow)

~+.. (Present)

. {60,000,000)
....... % {Jess than 30 per cemt)
+.% {less than 9 per cent of total)
LE(* " 1Z2percent ¢ * )
% (* “ Spercent * “ )
cB (% Y dpereent 4 )
% “ Spercent 4 “ )
%(“ “ 30 per cent)
& " 80 per cent)
..... % (ar Jeast 70 per cent)

Microscopic Evaluation of Formed Elements Other Than Spermatozoa:

{Please check}

Pathologic Findings
Spedific bactena 1n large numbers,
Leukocytes~large numbers ...
Red bload cells ... . ...... ..
Epithelial cells m large nambers
Mucus 1n increased amounts
. Crystals in fresh specimens .

Pom e

Endurance of Spermatozoa
At room temperature (20-30° C )

Summary of Significant Findings.

4 ..
TMPRESSION.

Normal Findings:

Skin bacteria . ..
Occasional . .

@ T o 19

Crystals after standing . .

-+~ hr {should show motity for 24 hr.)
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at once for the appearance, color, consistency, and volume. Viscosity 1s described
as normal or increased as a bacteriologte loop of seminal fluid is withdrawn from
the glass receptacle after the sp has been agitated. A hanging-drop prep-
aration is then made, which is the first microscopic study. It is placed under the
microscope and examined under low and high power for the degree and percent-
age of motility. Although there are claborate methods to detcrmine the motility,
a reasonable amount of experience enables the same observer to be fairly constant
in us appraisal of the peicentage of living and motile sperm by this means. It is
often desirable to cut down the field of the microscope by covering three-quarters
of the eyepiece with a piece of black paper, allowing a quarter of the field to be
examined at one time. If the specimen contamns what scems to be 60 per cent or
better of actively motile sperm at the end of two hours, 1t s considered normal.

Farns has contributed a new method of motility determination which is val-
uable and offers great promuse. It has not been available long enough for inclusion
in this paper, and the reader is referred to the original article for the technic. It 15
satisfactory to carry out the examination of the specimen by both the Fams
technic and that described here, one serving as a check on the other.

Blom, of Denmark, has recently mtroduced a new stain which determines the
percentage of hving sperm, and also gives one some idea of their degree of viabil-
ity Ths, also, 15 too recent to be evaluated properly here, However, it deserves
study Whlhams has found this a valuable contribution to the study of semen, and
proposes to resiew this additional method of determining viability and motihty
as this 1s wnitten.

In our method, a comment is made regarding the presence or absence of phalanx
formation, Its presence is considered normal; if it is absent, the sperm are con-
sidered less than normal. Phalanx formation consists of the hining up of the sperma-
tozoa around the periphery of the drop, as if they were all trying to get outside of
the drop. This was first brought to the writer’s attention by Dr. John Rock, at the
Free Hospital for Women, It serves as an added gauge of the normality of the
motility of a given specimen.

Reference to the modified semen record (Table II), as suggested by Weisman
and Wilhams, will be self-explanatory as regards varous other details of the
semen analysis and its record. The other two important stems are the actual count
or density of spermatozoa per cubic centimeter, or total ejaculate, and the stained
morphologic differential record.

Sreryt Count Trcnnic

The majority of examiners use the pipette dilution method of spenn count,
although some prefer the bulk dilution method. We use the witte blood cell
pipette and the Neubauer counting chamber for blood cells, as first described by
Macomber and Saunders 1 1929. The fresh speci is th ghly agitated, and
then the semen 1s drawn to the 0 5 mark, halfway up the stem of the pipette. The
diluent, which is 5 per cent sodium bicarbonate m 1 per cent formaln (equal
parts) is then used to fill the pipette to the L1 mark, The pipette is thoroughly
shaken, as in doing blood counts, The diluted fluid 15 then loaded on the blood
counting chamber and the cells are counted as 1n a red blood cell count, using
fve blocks of 16 squares. All of the spermatozoa lying within these squares, and
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Elaborate staining technics and elaborate classification of spermatozoa ’cxist,
but they are outside the scope of this presentation. The author prefers the simple
classification, as depicted in Fig. 12, from Weisman's text. Twenty-five years ago,
Williams stated that, “the morphology of the head of the sperm consnmics' thg
greatest single source of information for the fituess of the cell for reproductxo'n.
Many husbands are classified as sterile or normal by the doctor’s merely studying
a fresh specimen without staining technics, If the examiner will take the trouble
to stain a specimen, as described below, the patient will receive a much more
accurate prognosis than by merely estimatmg lus fertility.

TECHNIC OF STAINING SPERMATOZOA

We have not found it practical to do the stained smears from a Fresh specimen,
Following the technic of Williams, we allow the specimen to remain overnight
with a few crystals of thymol for preservative under standard refrigeration. This
seems to take care of a good deal of the mucus which confuses the staining and
obviates the frequent complaint of the casual investigator that attempting to rid
the specimen of mucus by dissolving it with chlorozene washes the majority of
sperm off the slide. The neat day, a thin film of this preserved seminal fluid is
placed on a clean glass slide and allowed to dry in aw. The following stain was
found to be satisfactory for routine office procedure:

KAUFMAN's STAIN As RECOMMENDED BY Dr. Jon McLrop
(1) 10 per cent formalin
(2) (A) 1 gm. hematoxylin
50 cc. 95 per cent alcohol
(B) 50 gm. alum. ammonium sulfate
1000 ce. distilled water
(Mux the above solutions and add 5 ce. of distilled water.)

} Dissolve in oven

Stawmning Technic:

(1) Place shde in 10 per cent formalin solution for two to three mmutes
(2) Wash in tap water
(8) Place slide in hematoaylin solution for one to three minutes
(4) Wash n warm tap water
(5) Dry and examme under o1l immersion lens
(With this stain the nucleus stains a dark blue, the tail a d
s ark blue, t
head a pale pink. The differentiation is clear.) and the
A differential count is then made under o fmm
ersion lens, 300 cells bein
counted, and th i ime J
opnted nd the result recorded in percentages, using Williams classification as

CLASSIFICATION OF SPERMATOZOA (WiLLiams)
(1) Normal forms
(2) Pynform heads
(3) Microsperm
(4) Megalosperm
(5) Abnormalities of the acrosome
{6) Miscellaneous types

(at least 70 per cent)
{not over 9 per cent)
(not over 12 per cent)
(not over 5 per cent)
(not over 5 per cent)
(not over 4 per cent}
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those whose bodies overlie the lines on two sides of the squares, are counted. The
total number of sperm in the five blocks is recorded and six zeros are added to
give the number of sperm per cubic centimeter. Obviously, the measuied volume
in a cubic centimeter when multiplied by this figure, gives the total count, A 10
per cent enor in counting is allowed. If necessary two or more counts may be
made from each specimen. When the count is 20,000,000 sperm per cubic centi-
meter, or less, the margin of error is so great that further attempt at accurate
counting is not indicated. Those cases having less than 20,000,000 sperm per cubic
centuneter are all classified together with regard to prognosis.

MORPHOLOGY OF SPERMATOZOA

Just as the semen analysis is the most important factor in the assay of male
fertility, so the morphology of the individual spermatozoa is the most important
single observation to be made about the individual specimen. Credit for determn-
ing the fertility of the individual by recognizing the importance of demonstrating
the presence of sufficient normal forms should go to Walter W, Williams, who

c E F

Fic 12 ~Classification of morphology of sperm heads after the mcthod of Wilbams, (A) Nomual,
(B) pear-shaped, (C) P (D) losp (E) ab litics of (F)
muscellancous

(Weisman, A 1. Spesmatozoa and Stesility, New York. P B Hoeber, Inc. 1941.)

initiated the entire study of spermatozoa, working with bull semen m relation to
their fertihzing ability, in 1920, Too great a literature on morphology has appeared
to be even summanzed in this space. The reader is referred to standard texts on
male stenlity or the papers by Williams for details. It suffices to state that for
practical purposes, except for teaching laboratories, research laboiatories, or the
expert semen analyst, the types of abnormal morphology are not pertinent here, but
1f there are more than 80 per cent abnormal sper; in the 1ep 1 speci
the opinion of one of these eaperts should be sought

At a recent informal discussion (1949) between 6 or 8 of the leading authorities
on semen, 1t was implied that, if the given specimen contained 70 per cent or more
normal forms, the individual was within normal hmits. Simplerty in studymng the
morphology is the goal here, and the average doctor's office can screen indvidual
specimens satisfactonly to see which need the opinion of the expert and which
may be called normal early m the mnvestigation
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(7) Dilute acetic acid . .. B0 ce
Distilled water . . .. 60 cc.
Concentrated acetic acid . 3Gt

(This solution need only be used if nuclear material appears overstained. Its
purpose is to withdraw excessive hematovyln.}

(8) Wash and dry. Examine with oil immersion lens.

Method of Williams
(Crystal violet and rose bengal):

(1) Cover film with 0.25 per cent aqueous solution of crystal (gen-
tran) violet for three minutes.

(2) Wash.

(3) Decolonze with 95 per cent alcohol for one minute.

{4) Wash with water.

(5) Counterstain with 1 per cent rose bengal (aqueous) for eight
seconds.

(6) Wash and dry. Examine under oil immersion.

Dr. W. W. Williams advocates that Loffler’s methylene blue is acceptable as
a screening stain, but he emphasizes that there is no short cut to studying sperm
morphology.

Loffler’s methylene blue:

{1) Fix shde with heat.
(2) Stain with methylene blue for two minutes.
(8) Wash and dry. Examine under oil immersion,

TREATMENT

As m most problems, the treatment of male infertility depends on the cause.
However, one of the most confusing situations 15 that there are hkely to be mul-
tiple causes in the average infertile mamage. As Meaker has pointed out, in most
cases there is an average of 4.81 factors in the couple, and 1.61 factors in the
males studied, As the inaid of study of husbands in cases of repeated mis-
carriages increases, more and more male factors will be uncovered.

Prevention of stenlity by adolescent hygiene, improvement of health and sex
hygiene, control of venereal diseases, and the elimmation of improper treatment
or delay 1n treatment of the condition itself will undoubtedly result in a higher
over-all salvage of human burths than therapy after 12 to 24 months of marriage
can ever achieve. ¥

If the patient and the doctor are willing to admut that a male must be in the
best possible physical condition to solve the problem of s infertility, then it be-
comes a simple matter to develop the pattern of his treatment. Desp;te a narmal
semen analysis, the husband may be the factor in either sterility or frequent mis-

c?r;iag‘fs. 'lf”hg routine treatment is basic, and consists essentially of the correction
of faults of diet, exercise, occnpation, cohabitation, i i
s ! et @ p: , co , clothing, and the relief of

N ion, carl v
tion, and of coital excess. v bohydrate consump-

ption,
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In the absence of special stains, the Gram stam gives fair results for an jnitial
opinion, as does Wught's stain for blood. However, if doubt exists about the in-
dividual and the decision depends on the morphology, the opinion of an expert
should be sought, 1t is apparent that the prognosis depends on multiple factors
in the mterpretation of the semen, In fact, as stated earlier, the prognosis should
not depend on the semen study alone, but by an appraisal of a combination of
factors, namely, the patient’s history, the physical findings, the semen analysis,
and other laboratory tests.

Haphazard collections of specimens submitted to haphazard commercial labor-
atories throughout the Jand, or to most hospital clinical laboratories, are not a fair
assay of a man's fertility. The physician should take advantage of the mnimal
diagnostic standards proposed by the American Society for the Study of Stenility,
and learn to do his own stains, or send them to one of the recogmzed semen
authortties’ laboratories which are found n a few large teaching centers.

The controversial aspects of mterpretation of the morphology of spermatozoa
are at present so acute that the reader is advised to keep up with the current
literature, as changes n the technic and mterpretation occur rapidly. There is a
need for more laboratory technicians m the special field of sperm morphology.
The best sources for opmions le in the offices of these doctors who do their own
stained smear analyses or employ a credited semen laboratory. There are many
methods of staining of which the following have stood the test of time and of
criticism from most other workers Some of these are as follows:

Method of Hotchkiss:
The maternals used for the stain are:

(1) Schaudmn’s solution 60 cc.
Mercary bichloride 7 per cent 40 cc.
Aleohol 100 per cent . 20 ce.

Time* 0.5 minute
(This fixing solution permits adherence to the slide without heating the smear,
and ensures preservation of cell structure. The wet smear 15 immersed immediately
1 this solution for the time specified.)

(2) Alcohol 50 per cent 60 ce.
Time: 0.5 minute

(3) Wash in water 60 cc.

(4) Eosm aqueous 1 pe1 cent 60 cc.
Time: 0.5 minute

(5) Acid alcohol 60 ce.

Aleohol 50 per cent
Concentrated HC1 8 Gtt.
Time: 05 minute
(This solution removes some mucus but leaves the cells intact, If sperm are also
washed off, weaken the solution by adding water, Wash.)
(6) Harris” hematoxyhn 60 cc.
Standard formula plus 3 Gtt HCI
Time: Two munutes
(If solution is alkaline, nuclear material will not accept stain, Wash,)
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Banhers, lawyers, scholars, and even doctors may sit for hours, day after day,
in an overstuffed chair. They may be obese, sedentary, and overfed, suffer from
liypometabolism, evcessive tobaceo, aleohol, and fat intake, topping off their day
by an evening {after too much fo eat) 1eading and dozing, or “televising,” until
they climb into a too warm bed in a too warm room for too little sleep.

All patients seching relief from infertility, thercfore, should be advised to
omit smoking and drinking, cat a high protein diet, take regular exercise, wear
proper clothing, be moderate in contus, and, if indicated, take thyroid under su-
pervision. Regular hours of sleep, and ejght hours a night, are advised, An ade-
quate vacation, with freedom from the respousibilitics of business or eatracur-
ricular duties, is often of inestimable value, Attention should be directed to the
thermal factors related to the scrotal environment. The judicious, but adequate,
use of thyroid eatract is the most important contribution from the hormonal
aspect.

HoratoNaL THERAPY

Despite glowing accounts, in all languages, of the relief of male infertility by
the injection of hormones, the death knell for their promiscuous and random use
has been sounded. Most current claims do not stand up under scrutiny, as the pre-
treatment data are often incomplete and not properly gathered or controlled. To
be sure, the hypogonad male and the eunuchoid type will respond to pituitary
hormone stimulation and a few have offspring, but the majority would profit
more by attention to hygiene and an intelligent design for living. No husband
should be injected or treated by hormonal therapy, until he has had more than
one petent sperm analysis, the of the urinary gonadotrapins, a
llJ]é‘lsal metabolic rate, and often a properly preserved and interpreted testicular

iopsy

Tryrom

If indicated, thyroid should be administered in adequate dosage. Qur routine is
to start all men on 3 grains of U.S P. thyroid daily, 2 pills with breakfast, and 1
pull with lunch, for at least three months The patient is followed at 10-day to
fortnightly intervals by an office wisit for a brief interview and resting pulse,
Ths is often a good opportunity to carry out an accompanying prostatic massage.
If lus weight has dropped 3 pounds in the 10 days, or if his resting pulse is ove;-
100, the dose 15 dropped to 2 grams a day, and so on. After approximately 100
days, or three months, he is reduced to 1 grain daily, except Sundays, to r);vent
a cumulative effect. Attention to the patient’s observations abou); ,}umsI:eLf
rewarded usually by the observation that he would not know ing
any nl-nledi]cme, or that he has increased pep and vigor and loss
slonally this is accompanied by an awakened mterest i i
efficiency in 1its performance. )Elare is taken to a\zsi(tiu»lvz:}::i:z;xf;: a:gemtcri'as;d
symptoms he‘might expenience, and 1t is well known that the ma OrIi) ? i nte
on this thyroid regime have no complaints. The few who do et i ents
cannot take the thyroid are professional workers such a ds chopaent that ey
workers, or patients who have previously been on t i medienines, clmie

hyroid medicati
other reason and have been warned of its possible t O)jc effects ation for some

that he was taking
of lassitude. Occa-
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Dier

A high protein diet is presenbed, which includes at least one glass of milk,
fresh fruit or fruit juice, two fresh vegetables, meat {or fish), two eggs, salad,
and cereal daily. Avoidance of carbohydrate is aimed at, and the patient should
be encouraged to eat breakfast regularly, even if 1t requires getting up earlier in
the morning.

Exercise

Regular exercise, even if 1t consists of only 30 minutes of brisk walking daily in
any kind of weather, should be instituted. In these days of at least primary school
education, the American public has been well inclined by suggestion, if not com-
pulsion, to practice some form of vigorous or routine dajly exercise, and some
keep it up through the second and third decade. Many college graduates, how-
ever, on entering graduate school, and certainly on completing graduate school,
cease any activity i the field of sports or regular exercise. It js most common for
an ex-football star or crew member to spend the neat four to 10 years chained to
an office desk, or immersed in books, and as a result gain an undesirable amount
of weight. Is it not Jogical then to direct the therapy toward reduction of this
weight by graduated, regular, controlled esercise, and a prescrtbed diet?

CccupaTiON

Sedentary jobs promote sluggish of the physiologic processes of the body.

Attention to the hazards of the occupation and their correction is indicated. The
occupations are too numerous to discuss individually, but a good example of the
program to be stituted might be the following:

Truck drisers, traveling salesmen, and tasicab drivers are a typical group who
may sit behind a heated motor, with another heater in the front deck for hours,
breathing carbon monoxide in excess, adversely insulated regarding the scrotal
contents by obesity, warm clothing, skin-tight underwear, and the heat-promoting
properties of a foam rubber cushion. If these men smoke excessively (20 or more
cigarettes a day), consume an excessive amount of alcohol (daily rations of malt
beverages or cocktails), and are obese, it is remarkable that they can reproduce
at all. The treatment, to be didactic, 15 as follows:

(1) Stop the car every 50 mules or every hour (whichever occurs first), get out
of the vehicle, and draw several deep breaths, walk around the car, and then re-
sume the tnp The car itself should be checked as to leaks m the ventilating and
cooling systems, and the eradication of noaious fumes.

(2) Reduce the weight by diet, exercise, and, if indicated, thyrord medication

(3) Abolish warm clothing, skin-tight underwear, and perhaps introduce the
use of a straw mat to permit the circulation of air between themselves and the
rubber cushion.

(4) Restrict the use of, or omut, tobacco, alcohol, carbonated drinks, eacessive
coffee, tea, and carbohydrates.

Lead workers, garage and filling station employees, gasoline workers, and tire
workers, are often exposed to high concentrations of noxious fumes, and estremes
of heat and cold.
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In the last decade, cach year there has been an increasing number of cases re-
ported of successful treatment of male infertility with the anterior pituitary like
substance. The majority of these cases, howeser, have had other treatment as well,
mainly the supportive measures recommended here, often thyroid, changes in
coital technic, etc., and it is difficult to be sure that the hormone itself has caused
improvement. Unpublished data of the author’s include 9 cases of the above 22
men, whose wives have had children after their husbands had taken this hormone
but, as mentioned, it was employed in conjunction with other measures as well.
Two patients, however, desene special comment. They had marked oligospermia
improved by the admmistration of the chorionic gonadotropin with the resultant
successful pregnancy of the wife. Treatment was stopped, the sperm count
dropped down, and three years later both wished another child. Subsequent
treatment promptly resulted in another child. These patients were treated in the
days before testicular biopsies. With the advent of testicular biopsy as a routine
measure in patients with marked oligospermia which does not respond to routine
treatment in the six-month period, there has been a marked decline in the number
of cases in which hormone parenterally was indicated. Howeser, if the patient
appreciates that there is nothing left to do, except to administer this hormane,
and is willing to take the risk that 1t may cause a permanent decrease in sperma-
togenesis, anterior pitwitary like hormone can be admmistered in doses of 500
International Units, three times a week for 10 weeks. The specimen is re-exam-
ined at that time, and if it shows improvement, another course of the 10 week
treatment can be given. It should be bomne in mind that probably the only hor-
mone with definite value in the treatment of cases of male infertlity, except in
those thoroughly studied in hing hospitals or h clinics, which reveal
pituitary gonadotropic msufficiency, is thyroid by mouth.

Mace Sex HORMONES

The admimstration of proprionate, pure testosterone, or methyl
testosterone by njection is not usually indicated in the treatment of male ster-
ility There is some evidence that small doses, 3 to 6 mg. per day sublingually,
may do no harm in selected cases, but it should be tried only when there ar(;
available laboratory methods for assaying its results, as regards changes in the
testes, the semen count and stain, and the unnary gonadotropic hormones. Unless
there is frank glandular deficiency, these hormones do no good in the usual case
of implolenlcy, %ematlére ejaculation, or other sexual aberrations in a
normal male. Their administration may always be effectiv Y i
pomt of view if it has been suggestedythat t]{ey would ;:;ebg]oexgciilps'ly'}cl}emlogm
result can be accomplished by intelligent psychmherapy and good hyéiene sume

previously

CorrecTioN OF LocAL ABNORMALITIES

Penis. Disorders of the penis—hypospadi i i
padias, epispadias, phimosi. o
amenable to surgical correction, as 1s stricture ofiihc}: urethnl: ;Jmor::;:stc.f ﬂfedﬂ”
ated‘dnlamhou.ﬁfn questions of blockage of the urethral pa,th\zays by :)heg-ra -
montanum, or the ejaculatory ducts, or by ic di S
d ory 3 prostatic disease, urethr i
l}:?nlfls l:’f"fx[h'amed urologist is certainly indicated. The results h:'i‘;o};{):;) o
ghly y. Congenital lies require correction, 0
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It is necessary also to be on the lookout for two other groups in this type of
treatment, There is the group which has taken thyroid, but in small doses, and 1
which it has been recorded by the physician or patient that the thyroid did no
good. Numerous cases are reported in which thyroid is said to have had a hene-
ficial effect with dosages varying from % grain to mose than 6 grains a day. This
material is not well controlled, and those who say that thyroid is not effective in
the treatment of male infertility cannot be disputed. It has been aur experience
that the majority of mternists, and some endocrinologists, favor such small doses
of thyroid as an jnitial dose that no effect can be demonstrated. The current
recommendation for thyroid medication, if 1t is given at all, is that 1t should be
administered, even though the metabolism may be recorded as normal, and the
sperm count normal, if the problem has heen one of multiple miscarriages and
no other etiologic factor can be found.

Thyroid in the doses of 3 grains daily can be tolerated by many essentially
normal individuals without the develoy t of any symp with improvement
of the motility of the spermatozoa, and with resultant normal pregnancy, where
there have been three or four miscarriages before. Under supervision, it certainly
does no harm, and should be tried for over a period of three months to a year.
During the three or four months after the initiation of treatment, contraceptives
should be used, of course, to prevent another miscarriage until the spermatozoa
will have gained a normal metabolism.

Secondly, there are those who have been on such large doses of thyroid for
other reasons, for so long, that they are thyroid-resistant, and may even develop
myxedema on its withdrawal Some indwviduals have been given more than 4
grains of thyroid for years, some continue to take it, without their doctors
knowledge, as it makes them feel so much better. These individuals have no
symptoms which would lead one to believe that they nceded thyroid in the first
place But some have been on such high dosage for so long there js evidence that
it depresses the thyroid, and its removal may mean that their own thyroid has
ceased 1ts production of hormones and the patient may develop symptoms of a
thyroid deficiency. This situation has also been found in the female,

PrrurrAry GONADOTROPINS

Pitujtary gonadotropins, so-called folhcle-stimulating hormone fractions and
luteinizing hormone fractions, should be avoirded as they are prone to set up
antthormone formation m most males since they are all of protein derivation.
Their use 15 limited solely to the few men who d rate pituitary defici
by complete laboratory and clinical tests.

CrorionNic GONADOTROPINS

Practically monthly articles appear in the literature reporting satisfactory treat-
ment of male stenlity with chorionic gonadotropic hormones, or the anterior
pituitary like substances The author has had experience with 22 cases, 9 of which
showed marked 1mprovement in spermatogenesis under the medication, or more
particularly sfter a course of therapy without impregnation of the wives. The
majority of these wives were either infertile, or definjtely sterile, and the medica-
tion was used some years before the advent of testicular biopsy (1939).
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Spermatic Cord Correction. The spermatic cords from the cjaculatory ducts
down to the scrotal area itsclf are beyond the realim of treatment, unless it is
possible by vasostomy gently to nrigate the lumen of the vas with normal saline.
Stronger substances should not be used, because of their scarifying cffect, and
the operation of vasostomy should be restricted to those men who have complete
azoospermia, with normal testicular biopsies.

Scrotal Contents. The contents of the scrotum are amenable to surgical cor-
rection, leaving out for the moment the incurable conditions, wiich do not
necessarily relate to fertility. Obviously, removal or ligation of the vas, epididy-
1nis, or removal of the testes is not a treatment for sterthty. If there 15 frank ob-
struction between the epididymis and the vas, however, the operation known as
epididymovasostomy should be offered to the patient, if his wife is normally
fertile. 1t is a mistake to do this procedure unless the wife has had a complete
assay of her fertility. Smce we have 25 cases with a block due to bilateral gon-
ortheal epididymtis, who have had testicular biopsies, with the discovery of
normal spermatogenesis m the testes, we do not feel that it is now necessary to
do a biopsy before attempting the anastomosis if the individual has a frank
history of bilateral disease. The results from epididymovasostomy vary in differ-
ent parts of the country. The profession as a whole has a pessimistic attitude
toward it. The advance in technic suggested by Dr. Lewis Michelson, of San
Francisco, whose contribution is pictured by the accompanying illustrations and
consists of the use of stainless steel wire, as an “mternal splint” * is promising. The

® Michelson’s techmc 15 as follows: After the usual exposure and demonstration of patency
R oval windows about 05 em

stainless steel wires (No. 36,
stance of about 2.5 to 3.0 cm
d and the wires are threaded

es are then

n the globus
needle and left loose. At the margins of the incision m the vas, four stamless steel \S:Jr‘: ﬂusxl;rl.:
{40} are passed through its wall, but nat mto the lumen_One each at the supertor and wfersor
angles of the mnasion and one each mudway laterally These sutures are then passed through
the tunica vagmalis, and several loops of the epididymal tubule at corresponding pomts on
edges of the window, alrcady cut 1n the globus major “The inferior and posterior lateral sutures

Fic 13 —Muchelson’s technic for epididymorasostomy (A} The testicle, epidu
hane been delivered from the scrotal sas The vas hs been solated snd Toid i);"t;s' :fnixiﬁ
tape. In this and the following figures the 1as and epididynus have been drawn disproj yortmnalcl
large. (B) A small masion has been made 1 the vas Three wires threaded on a ll:lunt»endet}'i
needle have been passed through the incision, up the lumen of the vas, and out through its wall
(C) The group of three wires has been passed through the icision 1n the vas, up the ho,
and out through its wall The four wire sutures (1, 2, 3, 4) making the annston’losﬂ are sh o
{5} Diagrammatic cross section through the vas showing the depth of the anaslomote(.‘ ot“n
o s wall () The oval fncsta has-been cut 1n the globus major, i the
stula wires from the vas has been partially passed through th
tomosis between the vas deferens and epld{d)P nus has beeﬁ <or:plgcf:‘rs'l£}::]uﬂrue(: ) orhe a}rllas-
temporanly mamtain the fistula are shown, their course 1s indicated by the dotted I wusrsl . f“h
anastomotic suture wires have been passed and tied Thee of them Tave not heen o o ane
:hg:;nﬁs&ﬁ‘) The{opemme \munld m gm scrotum has been closed. The ends of thc:kgx]upa;?
a-mamtaimng sutures have been

g be pla})c?‘l;%hslh?)? through the scrotal shin and are held

1A

Surg Gylnec. & Obst, 82.327, 1948.)
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Spermatic Cord Correction. The spermmatic cords from the cjaculatory ducts
down to the scrotal arca itself are beyond the realn of treatment, unless it is
possible by vasostomy gently to irrigate the lumen of the vas with normal saline.
Stronger substances should not be used, because of their scarifying cffect, and
the operation of vasostomy should be restricted to those men w ho have complete
azoospermia, with normal testicular biopsics.

Scrotal Contents. The contents of the serotum are amenable to surgical cor-
rection, leaving out for the moment the ncurable conditions, which do not
necessanly relate to fertility. Obviously, removal or ligation of the vas, epididy-
mis, or removal of the testes is not a treatment for stenlity. 1f there is frank ob-
struction between the epididymis and the vas, however, the operation known as
cpididymovasostomy should be offered ta the patient, if Ius wife is normally
fertile. It is a mistake to do this procedure unless the wife has had a complete
assay of her fertility. Since we have 23 cases with a block due to bilateral gon-
orrheal epididymitis, who have had testicular biopsies, with the discovery of
normal spermatogenesis in the testes, we do not feel that it is now necessary to
do a biopsy before attempting the anastomosis if the mdividual has a frank
lustory of bilateral discase. The results from epididymovasostomy vary in differ-
ent parts of the country. The profession as a whole has a pessimistic atttude
toward it. The advance in technic suggested by Dr. Lewis Michelson, of San
Francisco, whose contnibution 1s pictured by the accompanying illustrations and
consists of the use of stamnless steel wire, as an “internal sphint” ® 1s promising. The

° Michelson's technie 15 as follows: After the usual exposure and demonstration of patency
of the vas deferens and the globus major and the deselopment of oval windows about 05 cm
long in each structure, the “internal sphint” 1s mlroducc(i).

36,

cm

.. “ - -.aded
- re then
¢ globus

red shin

+ sutures

e e e e e e peee s infemiOr
mudway laterally These sutures are then passed through
ops of the epdidymal tubule at corresponding pomts on
- . , the globus major The mfenor and postenor lateral sutures

Fic, 18.—Michelson’s technic for epididymosvasostomy (A) The testicle, epiidymus, and cord
have been deli ered from the scrofal sac The vas has been isolated and held up by umbilical
tape. In this and the following figurcs the vas and epididyms have been drawn disproportionately
large. (B) A small maision has been made 1n the vas Three wires threaded on a blunt-ended
needle have been passed through the weision, up the lumen of the vas, and out through its wall
(C) The group of three wires has been passed through the mcision 1n the sas up the lum,

and out through sts wall The four wire sutures (1, 2,3, 1) making the anastomoss are shown’
() Disgrammatie cross section through the vas showing the depth of the angssoumates orn
i s wall. (C) The oval fenestra has been cut m the globus mapor, the noedle e e
ftula wires from the vas has been partially passed through the globus major. {p) The Smar.
tomosis between the vas deferens and epididymis has been completed The three Y a}x: .
temporanly mamtam the fistula are shown, their course 1s mdicated by the dotted L \m'ersl which
aln&\lcmonc suture wircs have been passed and tied Three of them Ka\e not bee; e The four
shown. (D) The operatie wound n the scrotum has been closed The ends ot s .2
three fstula-mantaining sutures have been brought out through the serotal oy LG S0P Of
10 place by shot shin and are held

(Muchelson, L : Vasg Emdidymal Anastomosss. Surg Gylnec, & Obse 82527, 1948 )
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couple should not be denied this attempt at surgical correction if they wish it,
even if the consultant feels that 1t is hopeless. The satisfactory results in the Iit-
erature vary from 20 to 33 per cent, but almost all patients on whom 1t has been
done and failed feel satisfied that they have tried everything to relieve their in-
fertiity before resorting to artificial insemination or adoption. In the author’s last
25 cases, 8 were obviously hopeless on exploration as patency of the vas above
the proposed site of anastomosis could not be demonstrated, The individuals lost
only 48 hours from their occupation and considered the attempt well worth while,
Eight patients had apparent patency of the vas by irrigation with methylene blue
above the site of the proposed anastomosis, The anastomosis was carried out, but
no spermatozoz have ever been found subsequently, Two of these patients were
reoperated without favorable results. One of the latter, with the second opera-
tion, had stanless steel wites, according to the techmec of Michelson, without
satisfactory results Nine patients have been found to have sperm in the seminal
fluid following epididymovasostomy bilaterally. The first successful patient had no
sperm before operation, and 71,000,000 sperm per cubic centimeter, postopera-
tively, but he and his wife were divorced before an attempt at pregnancy could
be instiated. Three other patients had definite live sperm in the seminal fluid after
operation for a period of three to six months, then the spermatozoa disappeared
again, indicating that the obstruction had recurred, probably at the site of an-
astomosis, Five patients remain whose tubes are still patent and continue to
show living spermatozoa. One who has now gone to a foreign country is reported
to still have sperm although his wife has not become pregnant. Details of the in-
vestigation of her condition are not known. One, in another foreign country, has
reported the presence of sperm on three occasions, and his wife has been delivered
of a normal child. A third patient’s wife is also now pregnant. In one case where
bilateral obstruction was reheved by irngation of the vasa, 2 children have resulted
without anastomosis. The conclusion is that the patient with azoospermua due to
obstruction should be offered the appropriate surgical therapy, and if he so elects
should be allowed the opportunity for a surgical relief of this problem. As the
technic improves and the condition is recognized earlier, particularly with the aid
of chemotherapy and possibly hormonal effects on 1mproving the lumen of the
vas, a ligher meaidence of fayorable results may be obtained.

. One or twa
anastonosis,

“The lower ends of the fistula-producing wires which have been threaded on a shin ncedle
are passed through the tumea vaginals and the shin of the scrotum about 20 cm. below the
end of the mcision 1n the scrotum Similarly the upper ends of these wires are passed about
290 o above the upper end of the scrotal ancision The tunica vaginahs s sutured with catgut
after first the ntroduction of an explonng finger to make sure that the organs are in proper
position The maision 1s closed with deep mattiess sutures of slkworm gut and the skin with
a running catgut suture Before the mersion is closed, 1t 15 advisable to measure on the wires
where the shot should be applied so that there will be no tension. Following the closure of
the sk meision both the upper and the lower ends of the wires are shotted separately
Tincture of benzom compound, gauze, and s large-sized suspensory are apphied wath plenty
of gauze for pressure

“The fistula wires are removed m 10 to 14 days without any difficulty. Convalescence m all
cases has been unesentful.” {From Surg, Gynec. & Obst, 82,327, 1946 )
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MaLpesceNT oF ThE: TLsTES

Failure of descent of one or both testes should be recognized, preferably pre-
puberally, but if treatment is postponed until the onset of puberty, it should be
bricf and definitive and consist of various forns of orchiopesy. MacCollum has
shown that 61 per cent of men who had the operation carried out before pubesty
have since become parents, while noue of the cases that had the operation done
after puberty beeame parents. These is urgent need for the pediatrician and
physician who see children and prepuberal boys to determme whether or not the
testes seem ta be normal in growth. In passing, it 1s our feeling that an unde-
scended testis should be removed after the patient reaches 21 years of age be-
cause of the possibility of malignancy It is hoped that hormonal studies may be
done on a number of such cases before and after such surgery, in order to deter-
min¢ whether the removal of the undescended testis which is defimtely not
making sperm may improve the function of the descended testis in men with
oligospermia,

VAnIcocELE

1t is doubtful if small or medium-sized varicoceles are important in the cause
of male infertihty. However, large varicoceles are probably a factor in cases
where the wife was normal and the sperm picture looked essentially normal.
Encision of the varcocele by the usual measures or the popular ligation of the
mternal spermatic vein through an inguinal incision, coupled with testicular
biapsy, should be offered those men who have this complaint, even in the ab-
sence of symptoms directly from the varicocele One couple was referred for
arhificial insemination because the husband had less than 1,000,000 sperm per
cubic centimeter. Operation was recommended and carried out mn March after
confirmation of the sesere oligospermia and the following August the wife be-
came pregnant, at which time one sperm count revealed 52,000,000 sperm per
cubic centimeter In the last 7 cases of varicocelectomy for aligospermia, 5 have
shown moderate to marked imp 1m sper g is. The result may be
delayed and it may be over a year before the poor spermatogenesis has shown
definite improvement

ProsTaTic MASSAGE

Probably not enough importance has been attnibuted to the benefits to be ob-
tained by regularly instituted massage of the prostate gland. Most authors men-
tion 1t usually in passing but few have emphasized its value. To be worth while 1t
must be performed every seven to 10 days until the secretion contains less than
10 to 15 white blood cells per high powered field or until the urine voided after
massage becomes free from shreds or plaques of mucus. It has often been noted
that men with waning sexual potency, loss of libido, or chronic fatigue respond
favorably to the periodic emptying of this structure by massage, Usu%ll thepﬁ t
two or three treatments are painful or uncomfortable. The pabient and g:e s : ;
tend to avoid repeatng this unpleasant experience. Since results ar mme.
diately realized, laissez faire 15 a natural policy to foll oot Jmme-

@ ow. If the physici i
in getting the male back for regular treatment and insists (}’n ):;22:[5,:]‘;:;:
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measures of moderation m living on the patient’s part, improvement may be ex-
pected. Moderation means ay oiding alcohol, coffee, spices, excessne cortus, and
all manner of fatigue.

Massage should be carnied out on a full bladder and it is our practice to advise
the patient to drnk two tumblers of water before leaving to come to the office
and not to void until after his treatment. Therapy should fast 2 minute or two and
start gently. It can be increased in mtensity from time to time untif real pressure
does not elicit pan. If accompanied by sapporti e measures it is evident that the
prostatic fluid becomes a much more suitable vehicle and nutrient for the sper-
matozoa. A course of treatment usually lasts sh to eight weeks. Instead of dis-
continuing the treat then, follow-up ge at four to five week intervals
will maintain the benefits mstytuted by more frequent freatment.

ARTIFICIAL INSEMINATION

While artificial insemination does not properly come under the heading of the

treatment of male infertility, jt should be d on briefly b of its
solution of rehef of the mfertihty of the couple when the wife’s examination is
within normal fimuts of fertdity, and the hushand’s di irremediabl

stenility. The more than 9,000 ful preg ies, 1 rily anonymous

couples, are adequate proof of jts acceptance when indicated. Those doctors of-
fering thus simple relief of an otherwise msoluble problem are unable publicly to
testify to the extreme satisfaction of those couples so treated. Anyone doing this
work can, howeves, state that the majority of couples promptly return for 2
second pregnancy followmng the successful termination of the first.

Follow-up studies on many such couples indicate that there are no problems of
serious import on the part of either partner of these marriages, and the living
proof of the highly desirable physical results of such pregnancies makes the
technic one which should be available to any suitable couple when the problem is
present

Astifieral nsemination using the husband’s specimen is a form of therapy
markedly abused by those who do not know its indications. It is to be used oaly
where the husband has normal semen which he 15 incapable of depositng in the
wife’s cervical mucus at the appropriate time in the oycle. It is not practical, or
successful, to take a deficient sperm sample and expect 1t to inseminate the wife
if the busband can deposit these same sperm in the cervical mucus. In rare in-
stances, cexvical hostility or poor motibty on the past of the sperm makes 1t ad-
sable to canry out this procedure by washing the semen i Ringer-Locke solu-
tion, and ing ttoani d density by the centrifuge. This specimen
15 then introduced into the cesy jeal mucus under direct vision, but in no mstances
should 1t be passed beyond the level of the internal os of the uterus. The pro-
cedure 15 hazardous, and results frequently in sterilizing nfection of the utenne
cavity or fallopian tubes. Its use should be restricted to those who have had ex-
pexience with artificial # ination with a log: pech and a reason-
able degree of surgical asepsis,
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CONCLUSIONS

It should be appareat, then, that the investigation of the barren couple is
grossly inadequate without the study of both. For our present purposes emphasis
on the male is more logieal, less costly, less dangerous, and definstely indicated
with the increasing incidence of male wfertility. The important thing is com-
pleteness of the history, physical, laboratory, and therapeutic approach. These re-
quire the proper training of the physician, his interest in the patient and the
problem, and his realization that his obligation to the couple is to eliminate im-
proper treatment and delay wn treatment. His aim should be to eucourage better
adolescent hygiene and the control of venereal and other infections. Nicholas J.
Eastman, Chairman of the Editorial Committee of the National Committee on
Maternal Health has said “the discovery that male stexility is widespread, and a
frequent cause of stenle wedlock, has opened up a new province in urology, one
that is rich from both the research and clinical viewpoints.”
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The Surgical Management of Prostatic Disease
STANLEY H, MOULTON, M.D. AND CHARLES HUGGINS, M.,

ETIOLOGY OF BENIGN PROSTATIC HYPERTROPHY

1L MODERN SURGICAL management of prostatic disease implies a knowledge of

the anatomic and physiologic variations which occur in the human prostate
in the aging male, While most anatomic structures atrophy with senescence the
prostate gland commonly enlarges, owing to a glandular or fbromusculas hyper-
trophy. Benign prostatic hypertrophy is a result of aging. While some authors
report an occasional case of prostatic hypertrophy between the ages of 30 and
39, it is characteristically a disease of men over 40, and 75 to 80 per cent of all
men over §0 have benign prostatic hypertrophy.

Grossly and histologically there is no clear division of the prostate gland into
lobes. Lowsley has shown by embryologic studies that five distinct groups of
tubules develop from five separately situated points of origin in the floor of the
prostatic urethra; however, it is incorrect to assume that these groups of tubules
develop subscquently into five prostatic lobes. In the modem view of benign
prostatic hypertrophy, the apparent formation of “lobes” is regarded as asym-
metric development of the spheroids. There is a distinct capsular separation of
the posterior segment from the rest of the prostate. The posterior region arises
from the urethral floor independently of the anterior segment and this fact is
evidence for the anatomic duality of the prostate (Fig. 1).

In recent years a clearer understanding of the etiology of benign prostatic hy-
pertrophy has been ganed. Although the lesion appears grossly smooth, 1t 1s not
a hypertrophy but ts of multiple nodules composed of three elements:
epithelium, smooth muscle, and fibroblasts (Fig, 1) 1t is apparent that the multi-
plicity of the nodales is an mdication of multiple centers of origm of the patho-
logic process. As d rated by biochemical studies, the epithelium of the
prostatic adenoma is physiologically active. Incompletely removed spheroidal
nodules usually regenerate. This phenomenon explains the high mcidence of re-
current operation for obstruction followmg transurethral resection on large
lesions (Fig. 2). 8

The site of ongin of benign prostatic hypertrophy is .
in the prostatic acimi All of (%e data mdx’c.igwithpcei’tain:;etli];n::;;t?}?: },,1;3:1
lary portion of the prostate is mvolved by benign prostatic hypertrophy. 1t ha;

been shown that cancer of the prostate usually ari
aris i i
the prostate (Fog. 1. 'y arises in the cortical portion of

the i .
bypertroply ha\"e be.en endacrinologic studies. Ingben?g:ln ;:2:::(51? l;]f Pmrostahc
the prostatic epithelium consists of tall columnar cells. It has bseny'.:v);o Oplfy

" Wi fn
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animals that castration causes a decrease in the height of this cell which is
readily restored by and In man orchi y is followed by a decrease
cellular height and epithelial atrophy of the benign prostatic hypertrophy. Clin-
1cally a decrease in the size of the gland and relief of obstructive symptoms have
been noted. Estrogen administered to man produces changes of the acini of the
medullary prostate and its spheroidal nodules, in contrast to the unchanged nor-
mal epithelial cells of the cortical prostate; however, atrophy js slow in deselop-
Ing

Fic, 1.~Demarcation of the anterior_and postenior segments of the prostate 15 mdicated by
the arrows. There are benign spheroidal tumors i the antenor segment and a carcoma m the
posterior segment.

man consists of neoplastic nodules

te as the result of a testicular stim-
. . o _ - along penod of years on a tissue
which at that time has developed with senescence a low threshold to androgens.

‘The phenomena of the epithelium of cortical prostate differing from the epi-
thelium of benign prostatic hypertrophy in its response to estrogen, the em-
bryologic development of the prostate in man, and the propensity mn man for the
cortical and medullary prostate to form diffcrent neoplasms demonstrate that the
human prostate gland is composed of two different types of tissue (Fig. 1).

Benign prostatic hypertrophy is not the only etiologic factor in obstructive
uropathy. Carcinoma of the prostate may involve the vesical neck and cause ob-
struction. Chronic inflammation with resultant fibrosis may produce a true con-
tracture of the vesical neck and obstruction, and the median bar, consisting of a
dam of dense sclerotic tissue stretched across the posterior lip of the vesical onfice,
may produce urethral obstruction.
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Fic. 2.~-Nod : R was obtamned
by penneal 1ra, note the

TRANSURETHRAL RESECTION

Prostatism was not recognized as a disease entity until about 1800 and surgical
methods of reheving prostatism before the advent of open prostatic surgery de-
pended on the urethral route Early transurethral methods of relieving prostatic
obstructions by using lithotrites with one blade modified as a cutting tool were
developed between 1840 and 1880 by the French surgeons, Civiale, D'Etoilles,
and Mercier. This method soon fell into disuse, for all that could be accom-
plished with these mstruments was incision of the vesical neck and the results
were usually poor In 1877 Bottum d rated his gal y meisor which
was a lithotrite-like wmstrument with the moving cutting blade replaced by a
platinum blade insulated and connected to a source of electrical energy by m-
sulated wires. There was no lens system and the mstrument operated by pro-
ducmg tissue destruction and slough at the site of the obstruction. By 1900 the
transurethral route for reheving prostatic obstruction was largely discarded in
both Europe and America as open surgical approaches for the relief of pros-
tatism began to find favor Begnning n 1926 the modem resectoscope began to
evolve, using three basic developments, the high frequency current, the incan-
descent lamp, and the fenestrated sheath

Thé evolution of the American cystoscope was a result of the efforts of Hugh
H. Young, Leo Buerger, Tildon Brown, William F. Braasch, Joseph F. Mchnhg
and Bransford Lewis. The technic of reheving urinary obstruction by tran}s]:
urethral surgery confined stself originally to the median bar type of obstructio
In 1909 Hugh H Young devised his punch instrument, a tubular sheath with l:




3t2 MONOGRAPHS ON SURGERY

fenestra and a tubular knife fitting inside to cut any obstructing tissue that conld
be engaged in the fenestra. Braasch modified this nonvisual instrument by com-
bining his direct vision cystoscope to include the features of the fenestra and
cutting punch so that excellent vision was obtained.

Tn 1926 Bumpus modified this instrument by the use of a tubular kmife and a
fleatble electrode to control hemorrhage. Also i 1926, Stern replaced the tubular
cutting tool with a tungsten wire loop using high fiequency undamped current.
In 1931, T M. Davis announced his results with the modified Stem resectoscope
in which he had improved the cutting currents, Finally, in 1932 McCarthy demon-
strated the resectoscope consisting of a foroblique lens system and a bakehte
sheath with a tungsten cutting loop. This is essentially the instrument used today
for prostatic electroresection, The other fundamental type of instrument used
today was deieloped from Young's punch system and improved by Tolson when
he added the foroblique lens and improved the cutting efficiency of the instru-
ment by changing the shape of the blade. G. J. Thompson further improved the
wstrument by modifying its design. Thompson and his co-workers who now use
this mstrument find that the cold punch has many advantages and use this -
strument to excise large amounts of tissue.

In this country transurethral resection is the most popular method of relieving
urinary obstruction. Of the four accepted methods of removing obstructive tissue
there are more transurethral resections done than the other three methods com-
bined Statistical comparisons indicate that transurethral resection is followed by
a lower mortality and a shorter hospital stay than other methods.

There 15 some difference of opmion regarding the indications for transusethral
resection and recent reports indicate that many resectionists are becosung more
conservative m their use of this method. Until the last few years most resection-
ists beheved that i the hands of a competent experienced operator even large
glands could be adequately removed and that about 75 per cent of obstructive
prostates could be handled by transurethral sesection. In recent years, however,
1t has been generally accepted that to avoid recurrent operations and persistent
wnfections, a transurethral resection should remove not only obstructing urethral
tussue but all adenomatous tissue down to the prostatic capsule, Many urologists
are accordmgly revising their indications for choosing the transurethral method
and resect no glands which are more than moderately enlarged. There is com-
plete agreement, however, that the method is ideally adapted to relieving urinary
obstruction caused by median bars, small fibrous glands, contractures of the
vesical neck, median lobe enlargement, and small to moderate lateral lobe
adenomatous enlargement wihich is not subtrigonal. With the esception of re-
heving obstruction caused by moderate enlargement of the lateral lobes, the
suprapubie, penneal, and retropubic methods give consistently inferior results 12
the above categories of unnary obstruction

Transurethral resection is also generally considered the method of choice in re-
lieving obstruction caused by moperable cancer of the prostate which has not
responded to estrogen therapy or orchiectomy and for poor risk patients who are
unable to stand open surgery, even though multiple operations may be required
1n each instance.

There are certain distinet disadvantages to this method. Technically it 1s diffi-
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cult to learn and to use, because of its indirect approach and small tolerances
between tissue which must be resected and tissue resection of which will result
in disaster. The cutting loop may open the bladder cxtmpcritoncﬂ]ly, permitting
eatravasation of iwrigating fluid with resultant cellulitis or abscess, depending on
the eatent and nature of the evtravasation, An efror of only a few millimeters in re-
secting ad tissue adjacent to the eaternal sphincter may damage the
sphincter cither partially or cut it completely, resulting in a temporary or per-
mavent urinary incontinence, but the incomplete removal of only a few milli-
meters of tissue at this site may not relieve the obstruction.

The incidence of postoperative stricture of the urethra from the trauma of pass-
ing the toscope is also app sable and such strictures may necessitate years
of postoperative urethral dilatation.

Hemorrhage during operation may be profuse and difficult to control, often

itating § Jiate disconti of the operation and reoperation at a
later date. In some instances shock may occur either during or within hours of
the operation.

Hemoglobinuria and 1 globinemia may occur during operation with the
resultant serious complncah’ons of oliguria, anuria, and uremia. Creevy has demon-
strated that by using sterile isotonic nonelectrolytic irrigating solutions such as
glucose rather than the usual hypotonic stenle tap or distilled water, intravascular
hemolysis caused by the irrigating fluid entering open veins in the resected pros-
tate can be prevented

Postoperative complications of secondary hemorrhage resulting from slough
and infection about eight to 14 days after operation are occasionally encountered
and may be severe

Inadequate resection with mcomplete Temoval of the prostate frequently oc-
curs. The completeness of removal of all adenomatous prostatic tissue varies di-
rectly with the expetience of the resectionist and perforce many resections will be
jnadequate. However, when large glands are resected, the inaidence of recurrent
operations 15 high for even the experienced operator and has caused this operative
route to be contraindicated for large glandular hypertrophies.

Sex{ual function is not ccmr.nonly altered follcwing transurethral resection but
oceasionally does oceur, and since the resection is most often used for the type of
obstruction encountered in the younger age group, this complication can be

Serous.

Shwe'rs nm.l Groom, 1n an analysis of 14,865 cases of prostatectomy collected b;
a quest from 1,200 bers of the American Urological Associati Y
port an 0y er-all mortality rate of 3.0 per cent from all o erat?o Tha cintion, o
following data for transurethral resections: perations. They report the

R Prolonged  Persistent  Persistent  Persistent
4 4 Infection Resic "
Per Cent  Per Cent esidual  Incontinence
782 single Per Cent  Per Cent  Per Cent  Per Centc
resechons ... 22 84
1726 multiple 85 7.1 31 08
resections . ... 25 109 159 98 69
- 1.2

At the University of Chicago Clinies of 300
. recent i B
there were 3 deaths (1.68 per cent mortality) ?.f.:blce“?;eC(\;l;\t; gxg)&;atedomg:
. cases,



34 MONOGRAPHS ON SURGERY

were done by the transurethral route with 1 death (mortality 1.19 per cent), 2
persistent cases of incontinence, and 5 cases of persistent stricture,

PERINEAL PROSTATECTOMY

The first prostatectomies were done through the perineum, In the Middle Ages
patients were operated for stone by a median or lateral perineal incision and oe-
casionally a portion of the hypertrophied prostate was removed with the stone 1
an attempt to relieve obstruction. The procedure then fell into disuse unti, in
1848, Sir William Ferguson ionally removed a p while r ing a
stone by perincal surgery. T. Billroth, however, did the first intentional prostatec-
tomy not associated with caleulus in 1867 and later, in America, Goodfellow did a
series of perineal prostatectomies,

Hugh H Young, after considerable experience with prostatic cautesization and
suprapubic feation, was disapp } with these methods and in 1902, after
long study and dissection of the perineum, did Ins first permeal prostatectomy.
He developed and perfected the surgreal approach to the prostate via the peri-
neumn and designed and developed special instruments to facilitate the method. It
was through his efforts and teaching that the perineal approach to the prostate
became accepted in this country. Since his perfection of the procedure both
technic and instruments haye undergone modifications which have developed the
operation to the hugh degree of specificity where it stands today.

In 1939 Belt, Ebert, and Surber deserbed a new penneal approach to the
prostate in which use is made of the cleavage plane between the eaternal Jongi-
tudinal Bbers of the rectum and the external sphincter ani muscle. By using this
route the prostatic capsule can be eaposed bloodlessly and without cutting nerves.

Perineal prostatectomy, as is evident from statistics, is a compaatively little
used method, There are few men in this country who use it in preference to other
methods. Its lack of populanity 15 generally considered to be due to the individual
surgeon’s lack of precise knowledge of the anatomy of the male perineum. In
many large hospitals 1t is a rarely used approach. Of the 14,865 cases reported by
Shivers and Groom n 1948 only 493 (3.4 per cent) of the cases were operated
on by the perineal route,

There are disadvantages which are peculiar to the perineal route aside from sts
being difficult to master. The method carrses with it a greater risk of rectal injury
with urethrorectal fistula than do other methods. There 15 also a higher incidence

of incontinence rud 1mp panymg s p Jure than is found fol-
lowing the suprapubi hral, or pubic approach, If there are intra-
vesical lesions which should be treated Itancously with p tomy, the

perineal route is contramdicated Deformities or ankylosis of hip joints and spine
and leg fractures may make it madvisable to put the patient into the absolutely
essential position of extreme feson of the thighs on the trunk. Because of the
necessity of this exaggerated posttion in the pesfosmance of the operation, the
operation is contramdicated in certain cardiac and respiratory conditions.

In spite of these hazards the perineal approach is considered by those trained
in its use to be the most ideally adapted route to the prostate. It is the most direct
surgical approach, for the prostate can be exposed through a small perineal

B TN
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incision, Vital functions of abdominal organs are undisturbed and accordingly
poor risk patients tolerate perineal prostatectomy better than any other procedure
for permanent refief of urinary obstruction. To quote Hugh Young: “The great
advantage of the operation is that it is performed under the complete visual con-
trol of the operator; that hemorrhage encountered is stopped; the enucleation is
certain in its compl the ver jaculatory ducts, internal and
external sphincters are | 1; dependent drainage for urinary inflammatory
secretions is obtained; and the lowest mortality rate is sccured.”

The greatly hypertrophied glands or those enlarged posteriorly may be difficult
with any other method but are easiest by the permeal route. In the obese patient
the method has obvious advantages over the suprapubic operation. Prostatic cal-
culi, prostatic abseess, and suppurative prostatitis are jdeally managed perineally

of case of accessibifity and dependent extravesical drainage. When there
is suspicion of carcinoma of the prostate firmable by nonoperative technics,
the perineal route is indicated. It is by this route that biopsy of the posterior lobe
with frozen section may be most easily and quickly effected and in the event of
positive diagnoses of carcmoma a total perineal prostatectomy thus done gives
the patient his only chance of a cure.

As to the hazards of the method, rectal injury and incontinence may be pre-
vented by assiduous attention to anatomic detail and cautious use of prostatic
retractors. In the hands of properly trained surgeons the incidence of these com-
plications decreases as the operator gains experience with the method. Impotence,
although a common sequel of perineal prostatectomy, is accepted with little or no
complaint by most patients. Because of their age and general condition they are
rarely sesually ambutious and this complication is not to be considered a hazard
in most cases. Shivers and Groom in therr reported series of 14,865 prostatectomies
indicate that 493 were done by the permeal route, with 2 mortality of 39 per cent,
0.9 per cent higher than the over-all mortality for all methods. They give the
following data on incidence of complications:

Persistent
Prolonged I:emm'nt Urinary Persistent Persistent
brds i d
o Infection Residugl Fistula Incontinence

59 per cent 06 per cent 3.0 per cent 06 per cent 55 per cent 2.4 per cent

Of the series of 300 consecutive prostatectomies done at th,
Chicago Clinics, 23 cases were done by the perineal route with 2
cent mortality ), 3 cases had a slight incontinence, no persistent fist,
and no cases of urethral stricture occurred. Nine total
were done with no deaths.

e University of
deaths (8.7 per
ulas developed,
perineal prostatectomies

SUPRAPUBIC PROSTATECTOMY
Suprapubic prostatectomy was at one time m p '

relief o.f prostatic obstruction because of the aclc‘t))(:]pf:];;]f‘sl; lseflloflli for the

m‘ur.bldxty and mortality, but in recent Years it has gzunedgtheg o ouce of

distinct ad}'z\ntages 1t has evolved throy any changes in p, respect .due its

postoperative care and the technic has been perfected unt%l t Preoperative and

and morbidity rates compare fa\’omb]y at present its mortal:

with those of other methods, Previously
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dongasat g or g suprapubic dramage, the use of anti-
bioties and 1mpr0\ed suppostive care now make it possible to do this operation
m one stage. Morbudity and mortality from hemorthage have become markedly
reduced because bleeding from the prostatic fossa can now be better controlled
with perfected hemostzmc catheters, and the use of hemostatic absorbable gauze,
fibrin, and gelatm foam together with the jucreased use of blood transfusions.
Because 1t 1s far eavier to learn and perform than transurethral perineal or retro-
pubie prostatectomy, its popularity will undoubtedly continue.

The advantages of the method aside from its simplicity are that it is followed
by less disturbance of sphincter control and sexual function than the transurethral,
permenl, or retropubic route and it is performed with complete immumty from
rectal damage

Vesieal diverticula, caleuli, aud neuplasm may be treated simultaneously with
the prostabe enucleation. Large miravesival or subtiigonal hypertrophy or the

hment of an ively lage gland on a ureter is ideafly handled by the
suprapubic route which provides the surgeon with good esposure and direct
visualization.

The disadvantages of the suprapulne prostatectomy are 1ts shightly higher fnai-
dences of mortabty and morbwdity, presumably because it is a trans esteal and
transabdomumal approach with greater perivascular brauma and the opening of
more cleavage planes Low lying prostatic hypertrophies can be technically diff-
cult to enucleate by the suprapubic route, as may be the adenomas of extremely
obese individuals. Poor nsk patients with cardiac or respiratory disease are gen-
eralty handied with less moitality by one of the other methods, Urethral stricture
and vesical neck obstruction have an app bl id following st t
enucleation. However, when attention is pard to effecting the compl |
of all small neoplastic nodules which adbere to the capsule, 10 tags of muscle at
the vesical neck, and to bars or folds of tissue at the floor of the vesical onfice
without tearing the l urethra, the incid of these Hications is
greatly decieased

Small fibrous glands, true median bars without excessive glandular hypertrophy,

and veswal neck eont es are handled more precisely by the transurethral
route, When rectal 106 T215eS A Susp of carcinoma of the prostate

firmed by roent i or pho;phatase studies, the suprapubie route
is contrasndscated m faver of the p h and posterior lobe biopsy.

Following suprapubse pmstatectomy the panent i not as comfortable as are those
postoperative patients on whom other methods have been used. The hospital stay
15 fonger, the patient frequently has severe bladder neck spasms for the first day
ar twa, and, following the removal of the suprapubic mushroom catheter, which fs
usually employed, there 15 uninary dramage from the suprapubic sinus for several
days.

At the Umversity of Chicago Clinics of 300 consecutive cases of prostatectomy,
173 svere done by the suprapubic route with 2 deaths (116 per cent mortality).
The mu-an mortalxty was 3 deaths (1.66 per cent). Followmg removat of the

) the mverage time for closure of the suprapubic
snus was four days. Three pati had perst prapubic fistulas which
finally closed m less than 20 days. There were 7 cases of postoperative wrcthral
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stricture requiring dilatation (1 per cent) but only 2 of these paticots reqquired
dilatation longer than six months. There were 4 cases of persistent incontinence
(23 per cent) and 1 case of osteitis pubis

Shivers and Groom report the following data fiom the 14,865 cases they
collected:

Presistent Pers stont
Persestent Urmary Res dual Perustent
Mortality  Morbudily Obstruction Infection t'rine Fustula Incontmence
Per Cent Per Cont Frr Cent Per Cent Por Cent Per Cemt Fer Cent
Suprapubic 2535
It Stage ... . 83 16 61 7.1 1.8 04 0.7

Suprapubic 3329
2nd Stage ..., 44 48 29 29 10 Lo 09

RETROPUBIC PROSTATECTOMY

The retropubic approach to the prostate has been employed off and on in
the last 80 years m many countries, but most operators discontinued 1ts use be-
cause of the distressing comphcations.

Milhin in London in 1947 revived the method when he reported his senes of
retropubic prostatectomies done in the preceding two years after painstaking
dissection and study to perfect the method. Because of his writings and work
American urologists have become active in using the retropubic approach.

The outstanding advantage of this operation is that, unlike the suprapubic
approach, the bladder is not opened and traumatized or the prostatic adenoma
blindly 1 1. Accurate visuahzation of the prostatic fossa and vesical outlet
15 obtained during the entire retropubic procedure.

The operation is performed thiough a skin incision just above the pubis. The
prostate is eaposed by dissecting through the space of Retzius between the under-
surface of the pubis and the bladder, exposing the anterior surface of the prostatic
capsule Difficulties may be encountered 1n dissecting free the capsule because of a
large pleaus of vems overlymg the prostate at this site. These must be divided to
reach the capsule and may produce considerable hemorrhage. By making a trans-
verse incision through the anatomic and surgical capsule (cortical prostate) a
cleavage plane can be found and the adenoma enucleated. Because of this direct
approach the entire prostatic bed is then under observation and bleeding 1 essels
in the fossa can be higated and fulgurated. The vesical neck is easily accessible
and if contracted can be modified by removal of a wedge-shaped section from the
posterior lip. Following the insertion of a urethral catheter the capsule is closed
with catgut and the space of Retzius 1s drained. The catheter may be removed
four to 10 days.

In general, the operation has few of the complications of other methods and a
shorter and smoother postoperative course than the suprapubic approach. It has
certain advantages. At no time 15 there suprapubic dramage of urine, incontinence
1s rarely seen, and postoperative sexual function is good, There 1s excellent bladder
drainage because the bladder 1s uninjured and the bleeding which does occur
{)rlom the prostatic fossa rarely timpairs catheter drainage from forming clots in the

adder.

There are contraindications to the retropubic approach, In the presence of
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bladder pathology the transvesical approach must be used. An attempt to relieve
urinary obstruction caused by a sniall'adherent prostdte and vesical neck contrac-
ture is difficult by this method. Abscess and suppurative prostatitis when present
may be followed by osteitis pubis and’ infection of the'space of: Retzius. In the
presence of large intravesical prostatic enlargement and subtrigonal and postenior
lobe glandular hypertrophy, the retropubic approach meets with technical
difficulties.

Millin, Souttar, and others have performed total prostatectomy by this route for
cancer of the prostate and have removed the entire prostate with its capsule, the
seminal vesicles, and the bladder neck, There 1s general agreement in America,
however, that the total perineal or the bined perineal abdominal approach is
most advantageous in the surgical treatment of cancer of the prostate.

At the present time in this country few have approached the large series of cases
reported by Milln. The occurrence of osteitis pubis and the profuse hemorrhage
which may follow exposing the prostatic capsule are the main disadvantages
reported by American urologists Osteitis pubis may develop in 10 to 14 days or
as late as five months after operation. Although recovery 1s spontaneous and is
apparently unaffected by antibiotics, 1ts occurrence greatly prolongs morbidity.
Millin in his last reported series of 757 cases does not report osteitis pubis as a
complication but cautions against periosteal trauma by needles or retractors. In
757 cases there were 33 deaths (4.4 per cent mortality) only 2 of which were due
to pelvic cellulitis The incidence of suprapubic fistula was 4.5 per cent and of
secondary hemorrhage 8 per cent Persistent incontinence occurred in only 2 cases.

In this country the original enthusiasm for the retropubic approach is waning.
Tt is now recogmzed that the approach is techmeally difficult and that the com-
plication of ostertis pubis 1s appreciable, This complication is so distressing to the
patient that most surgeons have discarded the method. The incidence of osteitis
pubs has been as high as 17 per cent i a senies of 67 cases reported by Moore in
which great care was taken to follow the technic of Millin Osteitis pubss rarely
occurs with the suprapube, transurcthral, or perineal route. At the Unuersity of
Chicago Clinies the retropubic approach has been abandoned. In a recent series
of 300 consecutive prostatectomies the retropubic approach was used eleven times
with 2 cases of osteitis pubis (18.2 per cent).

CARCINOMA OF THE PROSTATE

Carcinoma of the piostate 1s the most common cancer in the male. Necropsy
studies have shown that 18 per cent of men over 50 have carcinoma of the
prostate, R, A Moore and A, R. Rich stated that cancer of the prostate occurs in
8 to 14 per cent of men over 44 and other authors variously estimate the icidence
as 14 to 29 per cent, based on random sections from prostatic specimens, to an
incidence of 46 per cent when scnal prostatic scctions were used as a basis
for study. Hinman estimates that at least 8,000,000 to 5,000,000, and possibly
8,000,000, Americans now have cancer of the prostate, The incidence of prostatic
carcinoma follows a frequency distnbution curve between the ages of 40 to 90
years, with the peak occurring between 60 and 70 years. In one series of 783 cases
of cancer of the prostate the average age was 626 per cent. The natural course
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of the untreated case has been deseribed m a series of 485 patients with untreated
cancer of the prostate. Thirty-one months was the average duation of life from
the appearance of the first symptois to death and 66 per cent of the paticnts with
etastasis at the ime of exammation weie¢ dead within nine months, In a series
of 273 patients untreated and without evidence of metastases only 10 per cent
had swvived five years.

UL

P

Fic 8 —Sagittal section of benign
prostatic hypertrophy 1n man The a
urethral mucosa, The tubules of the postcnoxl:;e)g,mem (P} areem’:r:fz:'nlzg:tn s 10 the

There is mcreasing evidence that the human prostate 15 a dual structure consist
1}:\g f’f two funchtfmally different azeas and that i 75 per cent or more of the cases
aving cancer of the prostate the lesions begin i jor )
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hypertrophy and carcinoma of the prostate. Carcinoma of the prostate developing
m the cortical region of the gland often occurs coincidentally with the benign
prostatic hypertrophy of the medullary prostate and may mvolve by eatension the
hypertrophied areas of the gland (Fig, 2). Accordingly all surgical specimens
following prostatectomy should be subjected to caicful gross and histologic seaich
for carcinoma.

The symmetrically enlargmg adenoma of benign prostatic hypertiophy com-
presses the posterior lobe of the prostate mto a thin cortical zone lying wathin the
true prostatic fibrous capsule {Fig. 3). Transurethral resection often leaves much
of this posterior lobe intact and suprapubic, retropubie, and perineal enucleation
utilize a cleavage plane between this compressed posterior lobe or surgical capsule

ey

Fic 4.—Deformation of the urethra by carcinoma of the prostate anising 1n the posterior segment.
Spheroidal aggregates of bemgn prostatic hy pertrophy are present 1n the anterior segment.

and the true adenoma. Consequently, the tissue of the posterior lobe 1s left mntact,
attached to the true prostatic capsule. Since the tissue of the posterior or cortical
prostate 15 the usual site of ongin of carcinoma (Fig, 4), patients are in no wise
offered any ymmumty from cancer of the prostate following prostatectomies by
conservative technics and a histologically normal-appeaning specimen removed at
operation is no ind: that of the p 1s not also present.
Adequate surgical treatment of prostatic carcinoma necessitates early diagnosis
of the lesion before it has spread beyond the capsule of the gland. In only 5 to
11 per cent of patients with cancer of the prostate is the lesion diagnosed early
enough to effect a cure. Symptoms of uninary obstruction, of hematuria, and of
pain from skeletal or regional metastasis occur only late i the disease. In most

p ic cancers the app of the lesion in the cortical prostate alters the
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consistency of the gland to such an extent that rectal papation is diagnostic or
stimulates the examiner to further investigations to establish the presence ot
absence of cancer. Phosphatase determinations are useful in t:s!ablishing the
diagnosis. Significant elevatons of acid phosphatase occur only in cancer ui: the
prostate and then only when the lesion lias metastasized or extended to peripio-
static tissues, particularly lymph nodes. Although false positive determinations do
not occur, the incidence of false negatives may be as high as 54 per cent. Because
of these difficulties iu preoperatve diagnosis of the early lesion, positive diagnosis
15 often dependent on biopsy or histologic study of the surgical specimen.

Recent work using the G. N. Papanicolaou technic to ine urine or prostatic
secretions for carcinoma cells has been reported to give accurate results even in
early lesions. The method, however, requires considerable experience on the part
of the examiner.

The only cure for cancer of the prostate is radical surgery in cases where the
lesion has not extended beyond the prostatic capsule. To be eligible for radical
surgery the patient must have no indication of the spread of the lesion beyond
the prostate into the urethra or through the prostatic capsule, no roentgen ray
evidence of bony metastases, no clinical evidence of metastases, and no elevation
of the serum acid phosphatase.

The total or radical perineal prostatectomy of Young, m which the entire
prostatic gland and capsule, seminal vesicles, and bladder neck {with part of the
trigone)) are removed, is the surgical technic employed for attempted cure of early
lesions. Following exposure of the capsule, confirmation of the diagnosis is
obtained by biopsy before the radical procedure is confirmed. The operation has
undergone some modifications since Young’s work and Belt has developed a
modified route of perineal exposure which has distinct advantages.

The complications of total perineal prostatectomy are generally similar to those
of subtotal perineal prostatectomy. However, the incidence of rectovesical fistula,
urethral stricture, and persistent urinary incontinence is somewhat higher, Mortal-
ity from this operation has declined steadily from 9 per cent in Young's early series
to a present incidence of about 3 per cent.

The results of the operation are generally good. Recent statistics indicate that
50 per cent of patients so treated are alive and app ly free from met of
recurrence five years aftcr operation. One series reports 28 per cent of 128 cases
sur\.m'mg'lO years following radical perineal prostatectomy and some of Young’s
patients lived 27 years

}?atients demonstrating carcinomatous lesions of the prostate which do not
sa!:isfy ‘the crtena for rad1c?1 Temoval ‘of the gland may be offered palliahve
z{:hocnnehl.reatment. Endocrine .lhera.py is antiandrogenic and may be effected by
olﬂefrsz:—:e\lslcl::nlz;z rﬂ:z :g:rsu:ll:stmhon of estrogen. Orcl.'uecmmy is considered to
fauls to respond to tl an estrogen :ldml{llstrﬂ!mn, but when the lesion

s to respond to the remoyal of androgen by orchiectomy estrogen may still yield
palliation. Some 90 per cent of patients treated with antiandrogenic th Y any

a distinct and immnediate mprovement. Within two ye'\rg 55 )g ront of £F Show
followed by relapse and within Bve years, 75 per cent ;r )d }iel‘:ﬁ‘)ent of these are
live more than eight to 10 years, are dead. About 20 per cent

Followmg orchiectomy or estrogen t}\erapy the immediate relief from Ppain and



322 MONOGRAPHS ON SURGERY

cachexa may be followed by diminution in urmary obstruction in 20 to 30 days.
Patients with marhed prostatic obstruction from advanced carcinoma may require
transurcthral resection or cystotomy, but minimal or moderate obstruction may
disappear as the neoplastic process dimmishes under antiandrogenic therapy.

Orchiectomy 15 a simple procedure which may be done under local anesthesia
and is easily tolerated by even debilitated paticnts. Side effects are hot flushes and
impotence, The former is controlled by 1 mg. of diethylstilbesterol daily.

Treatment of carcinoma of the piostate by radiation has at best given pallative
results 1n less than 30 per cent of the cases. Neither ncoplastic tissue nor the inter-
stitial cells of the testes show an elfective response to radiation Decp roentgen
therapy, however, 1s effective m centrolling nerve root pains from vertebral and
pelvic metastases in 50 per cent of cases and may give the patient some relief in
the terminal stages of his iliness,

TABLE I
Tasee Huabued CozskcuTn e ProsTaiieronits AT THE UNwensity or Crucaco
Transurc- Radical Retro- Over-all
Operation Suprapubic  thral Penineal  Perneal pubic Total
Number of Opera-
tions . . 173 84 23 9 11 300
Per Per Per per per Jer
Cuses  Cint  Cases  Cent Cuses Cemt Cutes Cent Cases Cent Cores Cont
Mortality 2 116 I 119 2 87 ©0 0 0 0 5 166
Incontimence 4 23 2 238 3 1830 2 232 0 0 11 368
Stricture 7 406 35 595 0 [ [ 0 [ 0o 12 40
Futula 3 174 0 0 0 4 1 111 0 0 4 133
Osteatis Pubis 1 058 0 0o 0 0 0 Q 2 182 3 10
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Some Congenital and Developmental Problems
of the Hip Joint in Infancy and Childhood

ERANK P. KREUZ, CAPT,, M.C., US.N., AND ALFRED R. SHANDS, JR., M.D.

HE SUBJECT OF THE congemtal and develop I hip lesions still enjoys a prior-
T\ty in wterest among orthopedic surgeons. This mterest stems not only from the
extremely controversial nature of the subject, but also from the fact tha.t these
lesions as a group constitute a large percentage of the crippling affections of infancy
and childhood. The fundamental problem m all these conditions is the same; a
clartfication of our concepts of the growth and development of the hip. Although
the most striking changes m development take place during embryonal and fetal
Iife, the ultimate form and dimenstons of the hip are not attained until the period
of growth ceases Sigmficant changes occur, especially i early infancy and child-
hood, designed to prepare the structuies for erect ambulation. Burth, therefore, is
only an mcident in the growth and developmental process.

PRENATAL DEVELOPMENT OF THE HIP

It 15 customary for textbooks to discuss the embryology of the hip from the
standpoint of the skeletal structures alone, without a carrelation of the embryology
of the soft parts. Such a concept 1s misleading. It is known that the neuromuscular
system 15 suficently developed 1n the embryo of about eight weeks to permit
spontaneous movement (Coghill, Arey) and that muscle differentiation begns

e ekt i wnRaiurea
edged by Werndorf, and Strayer even suggested that muscle mnervation and
function might have an influence over the time of opening of the hip joint. These
observations lead one to believe that there is a continuous complimentary rela-
;:Onshlp between the developing skeleton and muscles in the embryology of the

hp

The lup jomt desvelops from the lower hmb bud which contams the anlage for
the innommate bone as well as the lower extremity. It onginates as a protuberance
on the anterolateral aspect of the abdominal wall at about the level of the &fth
lumbar vertebra in the 3 to 4 mm. (four weeks) embryo (Strayer) (Fig. 1). Both
the inmominate bone and lower extrennty undergo a ch .
tion as growth proceeds The mnominate bone is at
sertebral columm, but Iater (20 wmm. embry
the veitebral column opposite the

aracteristic change 1 posi-

first perpendicular to the

0) rotates downward and parallel to

third to the fifth sacral vertebrae, This otation
327
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is accompanied by a definite change in the shape of the innominate bone, espe-
cially the ihum (Fig. 2). The lower extremuty undergoes several changes in
position. At first it points downward parallel with the vertebral column, and seems

Otocyst  Cervical flexure
Br. arcl 2
Br. arch 3
Br. arch 1

Cephalic flexnre R [

Oplic vesicle———

Br. arch 1
3 Heart
Olfactory pit
Upper.
Umbilical fintb bud
cord .

bu

Fic 1 ~Human embryo of 5 mm. viewed from the left side (after His). X10

disproportionately large; neat, 1t bends forward with the koees and feet tumed
autward, and Bnally, the limb undergoes an internal rotation of 90°. This syn-
chronous rotation of the pelvis and lower limb, each on its own axis, is accom-
panied by a concomitant des elopment and change in position and Jeverage of the

s Obturator forames
Hium Acetabulum

S % oean LS '
Foud, N

Tarsus
Fic 2.-The cartilagious skelton of the human Jowcr extremity (adapted after Bardeen)
Left, at 14 mm. when chondnfication is well begun { X20); nght at 20 mm. when chondnfica
ton 1s well advanced (X15).

various muscles attached to the pelvis and femur The exact cause and mechanism
of limb rotation are not known, but it would seem that there are two factors
involved, e.g., an intrinsic factor of bone growth, and an extrinsic factor of muscle
tensjon or traction (Carey). An orderly and synergistic rotation of both parts of
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the limb bud with its surrounding musculature is therefore necessary for the
development of the joint.

It is generally agreed that the hip joint is completely formed by the 10th week
(Stewart, McDermott, and Howorth). However, De Santo and Colonna obsenved
that the capstle did not become differentiated until the 20th week. Various shapes
Rave been ascribed to the head of the femur during intra-uterine Iife. Some have
found it to be perfectly round in all stages of development (Strayer and How orth),
while others have found the head to be rectangular (Stewast) or club-shaped
(De Santo and Colonpa). The Latter suzgest that a certain amount of remodeling
of the head may take place in intra-uterine hfe, and thus an abnormally shaped
head may become perfectly round by birth

Before the joint opens, the bulum is usually thought to be very shallow,
gradually deepening uatil the 14th week when it resembles that of the newborn.
According to Le Damany, however, the socket is hemispheric in the first six
months of intra-uterine life and then the depth gradually diminishes until birth,
when the cavity is reduced to one-third of a sphere. De Santo and Colonna also
found the socket extremely shallow in fetuses up to 30 weeks. Ossification of the
acetabulum begins in the iliac portion in about the 20 mm. embryo, and its rela-
tive proportion to that of the other bones forming the socket is the same as at
birth, e.g., 2/35 ilium, 2;3 ischium, and 1/3 pubis. Nothing is known of the relation-
ship of the developing acetabulum to the vertebra in the lateral plane during
embryonal and fetal life. but we can assume that certain changes do take plac:
as a result of the reciprocal rotation of both portions of the limb bud. Le Damany
regards the increased development of the pasterior portion of the acetabulum

{ischial porﬁ.un) as characteristic of human acetabular development. This could
ﬁeb!e;;ihmed on the basis of the downward and medial rotation of the innom-
fm}iﬁ“:ﬁ ;\u;ﬁfeiotr!:d motion of the hip joint in Lbree to six month fe_tufes and
L [¥ motion except for extension which was limited to
aboat 1457, owing to what he terms “a twist in the capsule.” With the hip i
fexion, the fhers 1 e up
exion, of the capsule run parallel to the neck, and on extension they
tighten by torsion. He considered this limitation of extension by t};e tw 'Ot?na e!f
the capsule to be a specific phase in the development of the hj, joint. '1'h'ls En;
fngs are what one might expect from a relatively contracted ilii)oi'e ] Ieise ¢
reitlxlﬁt:;ng fmmf t&e extremely flexed position of the fetus in utero H:‘;n a c%::::(;
Ze aﬁ:;s:;p xh: hipei;?np:uhr structures due to the rotation of the lower limboun

Ap analysis of the changes that occur i - : 5
importance. As a result ofathe rotation ofm th{:i\:te)c;c(:fﬁct)hnz ?fu:.}l)n l]f Ogmmldemb}e
changes take place in the neck of the femur, The neck rotat g bud, cex:tam
well as nzethgmnis of the femur. As the neck rotates on thees o of o Fois a8
causes 2 bending i i - - .

) o o o pebiion t0 the longitudinal axis of the femur (the neck-shaft
condyles of the femur results (the an'rl:s;: ;::::0: ")f thi s i elation to the
dyles of the fernur are placed ona ﬂakasmf;we th 1'5101;:0 the neck). If the con-
P?intlf“mdv producing an angle with the I;m’izenﬁi:l \2;;:1;: femlll]re:jnt: usually
of antesersion of the 3 c is di Is ca) e ang]
neck. If the neck is directed backward, there is an "angleb(l;;

axis of the femur, it
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15 accompanied by a definite change in the shape of the innominate bone, espe-
cially the ilium (Fig 2). The lower eatremity undergoes several changes in
position, At first it pomts downward parallel with the vertebral column, and seems

Qtocyst  Cervical flexure

Br. arch 2

Br. arch 3
Br. arch 4

Cr[)lmlirﬂr,\‘urc( B ’ ‘.

Optic vesicleSm—,
Br.arch 1

Olfuctory pit Heart
Upper,
Umbilical 7 limb bud
> cord 3

bt

Fic, 1 —Human embryo of 5 mm, viewed from the left side (after His). X10.

disproportionately large; neat, it bends forward with the hnces and feet turned
outward, and Enally, the hmb undergoes an internal rotation of 90°, This syn-
chronous 10tation of the pelvis and lower hmb, each on 1ts own avs, is accom-
panied by a concomitant development and change in position and leverage of the

ubis
; Obtrrator foramen

Ihum Acetabulum

Fic, 2 ~The cartilaginous sheleton of the human lower evtrenuty (adapted after Bardeen).
Left, at 14 mm, when chondnfication 1s well begun ( X20), right at 20 mm, when chondrifica-
tion 35 well advanced (X15).

various muscles attachied to the pelvis and femur. The exact cause and mechanism
of limb rotation are not known, but 1t would seem that there are two factors
mvolved, e g, an intrinsic factor of bone growth, and an extrinsic factor of muscle
tension or traction (Carey). An orderly and synergistic rotation of both parts of
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s cols I
svea centralis, and the cavity of the acctabulom weve nc\\l\\:] blood lnI:.ds, l"\lx(tl
e sesstls a >R nes o

“ : aretrate the head.” Rolodny and
hat “the vessels do not appear 10 penc > the e fowmentiin
in this opi he Jatter writing: “The vessels ab tae lig
_ovelt also share in this opimon, U ; sels L ety
eres present fu carly Jife supply only a sinall portion of the seticular surface and
wre of 1o importance.”

I
1

M l-\nrx
[ - -

Fi¢ 3-~Schematic drawing of the blood supply af the head and neck of the femwur from an
jected specimen at the age of two years, (A) Profuada femoral actery, (B) medial (postenor)
famoral circumflex artery, {C) lateral (antesior) Iemoral curcumifles artery, (D, E, and F)
aferor rctnacular branches of the medial (pastenor) femoral circumfles attery, (G and )
supenor rctinacular branches of the medial (postenor) femaoral arcumflex artery, (I and L)
trochanter and neck branches from the lateral (anterr}) arcumflex artery, (M) nutnent
artery; (N} hgamentum teres yessels,
{After Logrosaino)

In an aticle enutled, “A Note on the Retinaculum of Wenthieeht,” the British
anatomst, Wannsley, has given an excellent description of the blood supply of the
central nucleus of the head and the metaphysis of the neck of the femur. He
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1etroversion.” The development of the condyles of the femus, therefore, is a factor
in the development of the noimal angle of anteyversion of the neck of the fenur,
Unless viewed in three dimeusions, the bending and torson of the neck of the
femur appear confusing, When one views a femar fiom the front, the neck-shaft
angle may appear to be greatly increased (cosa valga), whereas when the femur
1s simply internally rotated, the angle is found ta be normal This 1s due ta the
anteversion of the neck

It 1s generally agreed that the angle of anteversion of the neck of the femur 1s
zero at about the tune of differentiation of the hip joint (eight weeks) and that st
gradually fncreases to about 35° at hirth (Le Damany et al.). There is no such
agreement on the formation of the neck-shaft angle, however, opuons vary from
an estimate of 90° at the time of differentiation of the hip joint mereasing to as
much as 160° at birth, and findings of 140° in the 20 mm embryo and decreasing
to 110 to 120° at birth {Howorth). Since anteversion of the neck of the femur
mereases n mtra-uterme life even after the rotation of the hmb bud has been

leted, 1t can be d that extrinsic factors such as muscle achon and/or
the forced ovoid position of the fetus w utero are factars in the development of
the changes 1 the neck of the femur.

Nothing has been written on the part, if any, played by the devcloping vascular
system in mfluencing the embryologic development of the bip. There have been
many contsibutors to our knowledge of the developng blood supply of the hyp
joint, however. mcluding Schwartz, Kolodny, Logroscino, Nordson, Wolcott,
Sherman, Chandler, Kreuscher, Lippmann, Zemausky, Strayer, De Santo and
Colonna, and others, including an mterestmg unpublished study by Green and
Cobn at the Children’s Hospital in Boston All aie m agreement that the aceta-
bular region and the hg um teres are suppled by the obtwator artery and
that evidence of nich vascularization of this area is aheady present shortly aftes
the dfferentiation of the hip joint. At about this time, too {37 mm. embryo) the
first mvasion of blood vessels to the femur takes place at the site of the adult
nutrient artery (Strayer} As we are especially concerned with the blood supply
of the central portion or epiphy sis of the head and the metaphysis of the neck, we
carefully reviewed the voluminous literature in this light,

We were particularly interested to know whether or not the vessels of the hga-
mentum teres contnbuted to the blood supply of the central nucleus of the head
m prenatal and early postnatal hfe, and we found no convincmg evidence. In
almost every mstance in which the vessels of the igamentun teres were credited
with aiding 1 the blood supply of the head, cuttical analysis disclosed that the
authors exther did not speaify the portion of the head supphed by the vessels of
the ligament, or that the vessels did in fact supply only a small portion of the
periphery or articular surface and never did reach the central nucleus. Through
the courtesy of Dr. Green and Dr Cohn, one of the writers was permutted to
examune their fetal specimens of all ages in which the aortas were injected with a
barjum-latex solubion at a pressure of 220 to 250 mm mercury. In no case did the
vessels of the higamentum teies extend any farther than a short distance from the
articular surface and in almost all of them the vessels actually stopped abruptly
at the fovea centralis. These observations corrahorate the findings of De Santo
and Colonna, who observed that m the 20 week embryo the ligamentum teres,
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The superior and inferior ghuteal vessels which ramify in the puslcrim{ 1;spcc;
of the hip are mainly concerned with the blood supply of the cnpsu]c‘, and do no
directly contribute to the supply of the central nucleus and metaphysis.

Fic. 5 —Drawing and artenogram of the blood supply of the head and neck of the femur at the
age of nme months. (1) and {3}, supenor and wferior retmacular branches from the medial
{postenor) femaral arcumflex artery to the central nucleus of the head; (4. 5, 6, and 7)

branches from the lateral {(antenor) femoral circumflex to the metaphysis and the neck; (2)

h
axtery ta the ifenor portion of the neck from the lateral {antenor) i}emnral arcumflex; (8)

smalf trochanteric branch from the lateral (antenior) femoral circumfex, {$) diaphyseal vessel
from the nutnent artery; (10) ligamentum teses vessels.
(After Logroscino)

The most recent contnbution was made by Tucker who studied the blood
supply of 44 femurs obtamed from fresh cadavers, the ages varymng from birth to
77 years. He made the following deductions:

(1) The cartilaginous head and ossification center in children are supplied
almost entirely from retnacular arteries, consisting of three main groups, (a)
posterosuperior, (b) posteroinfertor, and (c) antenor. The posterosuperior
artertes are the largest. The anterjor group is the smallest and least constant, its
vessels being derived from the lateral femoral circumflex, whereas the Poste’rior
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pointed out that the blood vessels which perforate the capsular attachment and
pass along the periphery of the neck enter the foramina toward the articular
margin of the head and terminate in the cpiphysis of the head and the metaphyss
of the neck. From the points where they perforate the capsule, these vessels derive
and carry mward indefinite fibrous prolongations of the capsule wall which are
covered over or completely invested by reflections of synovial membrane. These
elements constitute the retinaculum of Weitbrecht, Strayer found that in the
70 mm embryo (about three months), blood vessels enter the head and neck of
the femur and that this vascular ring about the neck enclosed by the retinaculum
of Weitbrecht comes from the medial (posterior) and lateral (anterior) cir-
cumflex femoral branches of the piofunda femoral artery. A study of njected
specimens would seem to indicate that the medial circumflex femoral is mainly
concerned with the blood supply of the central nucleus, and that the lateral
arcumflex is mainly concerned with the blood supply of the metaphysis (Logros-
cmo, Wolcott, Green and Cohn) (Figs. 3, 4, and 5). It is particularly interesting

16 4.~Drawmng and astenogram of the blood supply of the head and neck of the femur at the
age of two years, showing the artenes as indicated i the schematic drawing 1n Fig. 8.

( After Lograscino)

to note that both the arteries to the nucleus and those to the metaphysis are
probably end arteries during the growth of the femur (Warmsley; Logroseino)
and do not until the disapy of the epiphyseal plate (Fig. 6).
These observations tend to support Green's admonitions regarding the handling
of the posterior capsule m operations for slipped femoral epiphysis, because of the
danger of mterfering with the blood supply of the nucleus when the medial
femoral circumflea, wlich ranufies 1n the posterior capsule, is damaged Although
these vessels are rather loosely embedded in the superficial Iayer of the periosteum
(Kolodny) and can be stretched and displaced to certain limits without tearing,
therr importance to the future development of the hup should always be hept i
mind.
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activity of the gluteus maximus. The external 1otation of the lhigh. dccrcn’sm as 4
Lesult of the action of the internal 1otators and the ghateus wedius, which is a
sttong internal 1otator of the thigh with the hip in flevion, The sochet dccpf'm as
the head is held sugly within its cavity by miesouse wainly from the action of
the thiee muscles which eviend from the spinal cofumn to the femur—the iliopsoas,
the gluteus masimus, and the pyniformis. The posterior rim of the sochet is‘uc-
centuated by the action of crawling. There is a tendency for the head to project
anteniorly because of the anteversion of the neek, but it is probably cheched I).y
the strength and twistmg of the anterar capsule as the thigh is extended, This
mechanism, aided by the constant inward and outward 1otation of the head in the
sochet during the act of crawhing, could explain the gmduul decrease in antever-
sion of the neck during this stage of development. As erect posture is assumed,
there 15 a relative increase in the development and strength of the museles of the
Tumbar spine. The exaggerated curve of the Jumbar spine is due to the flevion con-
tracture of the hips and to an attempt to attain balance with msulficient erector
spinae muscle strength. The forces of rotation within the hip joint are now mainly
directed at the superior rim of the acctabulum,

The knee jomnt also takes part in the reciprocal postnatal development of the
hip. As the clnld kicks in the recumbent position there is a gradual increase in
extension of the knee joint. When the last few degrees of complete extension are
developed, there is a slight esternal rotation of the tibia on the femur owing to
the development of the internal condyle. In the erect posture, however, the tibia
is fired, and thercfore the last few degrees of complete eatension of the knee
produce an internal rotation of the femur on the tibia. This internal rotation of
the femur on the tibia in walking is especially prominent when the knee is fully
eatended and the hip 15 shghtly flexed becanse of the internal rotation action of
the gluteus medius. It cannot take place as long as the knee remains in slight
flexion. The medial hamstrings, especially the gracilis, as well as the iliotibial
band, also exert an infl on the development of the hip in the walking stage.
With the hip in fleion and the knee extended, the gracihs will tend to displace the
greater trochanter laterally when the thigh is adducted, but this action is neu-
trahzed by the powerful force of the diotibtal band. One of the most important
factors m the struggle for stability during the early phases of walking is the con-
smmly‘attempled mward rotation of the outwardly rotated extremity (Krida)
and th.xs serves as the best guarantee of a well formed hip. The process of 1e-
modelmg of the ln[.) durmg the re‘cumbent, crawling, and walking stages of devel-
Opﬂ;eﬂf isa CO"(‘]phCﬂtEd mechnm.sm involving both the knee and the hip as well
as t ]l-.e spine an the musclP:s which activate them. As growth proceeds and the
mechanism of these forces is altered and increased by the demands of environ-

ment with 1ts many traumatic inaidents, the meide

nce of puberty, and other
factors, the problems become even more mvolved and more difficult of solution,

CONGENITAL DISLOCATION OF THE Hjp

The terin congemtal.dlslocahou of the hip is not completely accurate because it
m)phe? that the condition was present at birth, The available evidence in the
evtensive literature on the subject negates this implication Few cases of actual
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group comes from the medial femoral circumflex. The retinacular vessels he
foosely under the sinovial membiane, sometimies m mesentenc-ike folds of
s) HOVIRl HICX“'JTJH('

(2} The asrtertes of the hgamentum teres were small i childien and penctrated
the deep cartilage or ossification ceuter w only 8 out of 24 cases, {He did not,
however, speaify the exact ages in which these 8 “penetrations” occarred.)

. . "

Fio 6 ~Dravang and artessograph of the blood supply of the head and neck of the femur alter

the disappearance of the epiphysenl plate, slowing anastoraosis between the vessels of the head
and metaphysis

(After Logroscro)

[ R [P

{3) The hgamentum teses vessels never constitute the chief vascular supply te
the head n children

(4) In aduits, the retmacular vessels are still promment but the arteries of the
hgamentam teres take over an mcreasmy shate m the blood supply of the head,
The hgamentum teres arteries merease m size with age

(5) The tetinaenlar vessels are the cluef supply to the epiphysts and femoral
head at alf ages

POSTNATAL DEVELOPMENT OF THE HIP

At bisth the hips are flexed and the tinghs externally rotated, the legs ate rele-
tively short and the spia} column presents one long Resion curve, There 15 a
fleaion contiacture of the lups of about 85° There 15 anteversion of the neck of
the femur of about 35° The hip sackets are shallow. As the mfant unbends and
Jevelop t p hraugh the suttmg and crawling stages, these abnormah-
ties gradually decrease. The flexion e of the up d hes uwmg to
the stietehing of the contracted muscles, fasew, and capsular structures, and the
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Konde and Allam found congenital hip dysplasia in shepherd dogs, the former
considering 1t hereditary in nature.

Greene, Hu, and Brown of the Rockefeller Institute crossed wild stochs of
rabbits under domestic conditions and found hip dysplasias comparable in many
ways to those seen in man and dogs. .

In a study of “congenital malformations mduced in rats by maternal nutritional
deficiency,” Warkany showed that a great many factors can interfere with the
normal development of the embryo. He found that a riboflavin-deficient dict in
the mother affected the growth of the embryo at about the stage of chondrification
of the skeletal blastema (second week) and produced various forms of skeletal
malformations including “suggestive acetabular deformities.” Exposure to actinic
rays before or at the stage of chondrification produced the same types of deformi-
ties. A diet deficient in vitamin D produced deformutics of a different pattern,
e ., bawng of the long bones and defornuties of the rib cage. Warkany concluded
that the defects in ossification are secondary and result from the faulty develop-
ment of the precursors of bone.

Maoore sectioned the penipheral nerves of 78 cases of various congenital deformi-
ties and found pathologic changes m almost 100 per cent. Twenty-four cases
showed the typical lesions of neurofibromas. Although he did net consider the
nerve lesions the cause of the deformity, he suggested that the nercous system
may have an unrecognized function in co-ordinating and guiding the growth
processes. Barber is given credut for being the first in the American medical litera-
ture to show the close relationship between congenital bowing of the tibia and
congenital pseudarthrosis to von Rechlinghausen’s disease (neurofibromatosis).

Hart, aiting Faber’s work, concluded that the hereditary factor is the pri-
mary factor in ip and acetabular dysplasia, and that the dysplasia or flat
socket with or without dislocation is the clinical expiession of the same gene-
conditioned chromosome. He considers the actual dislocation to be a secondary
phenomenon which may develop either during intra-uterine life or during the first
or second year of postnatal hfe.

Badgley, in an excellent paper on the “Correlation of Clnical and Ana-
tomical F: acts Leading to a Conception of the Etiology of Congemtal Hip
Dysplasia,” presents a refutation of the hereditary “acetabular dysplasia” theory
of Fabef and Hart. He referred to Scaghetts’s report of 478 cases of preluxation of
the hip in the first year of hfe, all demonstrating Putt’s dagnostic triad, in which
94 per Fent had excellent results following Putti's simple method of treatment in
abduction and m.tem;ll rotation, Badgley states that if there had been a primary
mherent defect in the acetabulum, 94 per cent of these hips could not have
reciprocal p);snion of the hena; vixe\ri;(m - :hl? l]ka T et loss of the
embryonic arrest of rotation of the f] el‘lalcle abu" o e believes is due to “an
ammals. Carey, in lus volununous iy of e o, e states, does ot occur in

A study of the dey elopment of the femur m pig
on the other hand, has shown conelusiyvel th he N Pigs,
tl\rough an axe of 90°, s m b 1 y hat the lower extlemlty rotates

i umans. This dis

of 9 panty in views may be due to ti
fact that Ittle significance has been attached to the rotation ofythe innomim:



336 MONOGRAPHS ON SURGERY

dislocation could be found to have occurred in prenatal Jife or to have been
discovered shortly after delvery. Although intra-uterine dislocation probably
does occur, as Chandler’s case shows, there arc too many compleating and un-
usual features from which to draw conclusions.

Many surgeons, mcluding Hart and Badgley, have suggested the term “con-
genital hip dysplasia with o without dislocation” and this seems more appro-
priate. But 1f we regard the development (embryology) of the hip from the broad
viewpomt of a continuity of growth from prenatal and postnatal bife, until sts func-
tion of weight-bearing and ambulation in the erect posture is attamned, birth
becomes a mere incident m the “plasia” of the human hip, Le Damany speaks of
the normal malformation of the hip at birth, and points to the flat socket and
anteversion Most authors agree with him that a certain amount of flattening of
the socket and a high degree of anteversion are normal at birth, yet these are the
very conditions which predispose the infant to hip dysplasia. It 1s true that hips
which were considered dysplastic at birth have developed imnto normal lips and
1solated spontaneous cures of congenital subluxation of the hip have been rec-
ognized and reported (Drehmann), But it 15 also true that hips which were
considered to be normal at burth have subsequently developed a dysplasia. The
process of remodeling of the up in infancy and childhood 1s therefore probably
a most unportant factor i the eventual formation of the hip. It suggests the
possibility of our assistmg m this remodeling process and thereby decreasing the
moidence of hip dysplasis. 1t may be correct to consider all hips potentially
dysplastic at birth, and actual dysplasia in some cases at least may be the result
of postnatal growth and deselopment and therefore strictly speaking not truly
congemital.

EmioLcey oF ConceNITAL Hip DhspLasta

The etiology of hip dysplasias is unknown, but there are certain popular theones
which should be discussed in the light of the prenatal and postnatal development
of the hip.

Until recently 1t has been commonly considered that hip dysplasias were the
exclusve inhentance of man (Jansen). Genetic mvestigations, therefore, had to
do mainly with an mvestigation of the families of clildren with congenital dis-
location of the hip Faber found flat sockets m many of these familhies and con-
sidered these ndividuals genetically sbnormal and latent carners of the “hip
dysplasia gene ” Murk Jansen also considered the flattencd hip socket as the cause
of hip dysplasias, not on the basis of heredity, but on the basis of causing an
alteration of the stresses on the femoral head and neck, the deformation of the
socket depending on the degree of softening of the sheletal structures and the
mtensity of the forces acting upon them

Stockard found shallow sockets m bulldogs which predisposed them to disloca-
tion of the hips, the dislocation beng first noticed when the dog began to stand
and walk. The skeletons of aduit bulldogs sometimes showed old congemtal dis-
locations that were not apparent i the hving animal. He also found that hybrids
between the bulldog and shepherd did not have shallow acetabuli He concluded
that bulldogs have genetic factors for dystrophy of the shoulder and pelvic girdle.
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(Mouison), inherent relasation of the tendons and ligaments about the hip
developing after birnth (Vogt), failme of ossification of the head and acetabulum
duc to insufficient pressure of the head in the sochet (Clmpplc), and a primary
dysplasia of all the structutes of the hip (Gill),

That muscle dysplasia may be a factor in the development of hip dysplasia can
be deduced from the congenital dislocation of the hip seen in arthrogryposis
multiplex congemta and intra-uterine muscular dystrophy (myodystrophia foe-
tahs). In both of these conditions the muscles are fibrotic and do not heep pace
with the skeletal development. The characteristic position of the limbs in arthro-
grypotics is comparable ta the fetal position of the limbs at three months and
suggests an arrest of development and fajlure of rotation of the limb bud
(Badgley).

PatnoLocy oF CongeNITAL Hip DyspLasta

The actual pathology is extremely variable, depending on the degree of dys-
plasia of the hip structures, the age of the patient, and the treatment which has
been administered. The lack of pathologic specimens of untreated infants” hips
makes it difficult to evaluate the significance of the changes that have been
observed in the head and neck, acetabulum, and capsular structures. Most of the
lterature on the subject has comprised descriptions of cases dying in infancy and
childhood, but after various forms of treatment which undoubtedly modified the
primary pathology. Excellent descriptions of the pathology in the living subject
have been wrntten by Hey Groves, Colonna, Gill, Howorth, and many others,
after having esposed the hips at open operation; however, few of these were
untreated cases. There is also the inherent difficulty of evaluating completely the
pathology of all the hip structures at open operation, the surgeon being limited by
the confines of his operative exposure as well as his method of observation and his
special interests.
In the early days when congenital dysplasia of the hip was not recognized uatil
actual dislocation had taken place, and often not until the patient had reached
the age of six years or more, there was an orderly pathologic process taking place
from the dysplastic stage without subluxation, througt i e
N gh subluxation, and then dis-

Iocation, and the structures of the hip became modified or distorted dependin,
on the extent of the original dysplasia and the forces acting on the hi[; throu hougt
growth and development It is easy to understand why Hey Groves foundglittle
change in the head of the femur and a typical hourglass deformity of the capsule

up to the age of two and a half years It 1s readily understandable, too. that‘il; th
dysplasia had been recogmized in early infanc‘y or childhood ’and ,uea(ed l:e
vigorous mampulation and immobilized with the head partly out of the sock y
cert:}:?habnormallih;s, includmg flattening, wedging, and grooving of theS(;xceae(;,
would have resulted, and that the capsule would often have be {
fixed to the mide of the i come flattened and
extent of damage to the l:::zhﬁ:f}f’{ljg sl:?g::;ts t)’PlcaI hDurglaSS de.zformity. The
be such as to make further evaluation mﬂgc etr e ﬂ.Slngle manipulation nay
retained in plaster for a considerable length :frta' . ef\plecmlly i d'1e hip has been
lent account of the pathology m a con gmt 11 lg]el bson has given us an excel-
reduction. He found evidence of severegh"l e eecated bup after manipulative
auma which even involved the obturator
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bone in the development of the contour and position of the acetabulum. Torsion
of the neck, therefore, would seem to depend on the rotation of both the lower
hmb and pelvis. Consequently any “arrest in rotation” of the limb bud must
concern both the innominate bone with the spine as its axis and the lower himb
with the hip as its axis, and each of these is concerned with the development and
actwvity of the muscles which support them

Bomfin showed the close relationship between congemtal hip dysplasia and
congemtal clubfoot, He reported that of 864 cases with a primary diagnosis of
preluxation of the hip, 55 per cent had associated clubfoot, and of 500 cases with
a prmary diagnosis of clubfoot, 39 per cent had associated hip dysplasias. He
believed that congemtal clubfoot was caused by an embryologic arrest of rotation
of the fetal limb. This observation and the close relationship between these two
congenital abnormalities strongly suggests that failure of rotation of the fetal imb
bud 1s also the cause of congemital hip dysplasia with a resultant subluxation

Le Damany gave considerable importance to the plane of the hip sochet and 1ts
importance in the development of the hip, According to hum, the plane of the
opening of the hip socket in birds and animals is horizontal and the neck-shaft
angle of the femur 15 perpendicular to at. This relationship corresponds to the
development of the human fetus of four months, In humans at birth the plane of
the openng of the socket is decidedly anterior owing to a greater deselopment of
the postenior acetabular rim This brings the postenor surface of the neck m close
contact with the posterior rim of the socket, and an increasingly greater portion
of the anterior surface of the head is not firmly engaged in the socket, If an
abnormal degree of anteversion is present or if the neck-shaft angle is gicatly
increased, no part of the head could possibly remain 1n the socket, and anterior
dislocation would be mevitable. But even i this event by simply flexing the thigh
the head of the femur is directed upward, mward, and backward, and thereby
returns to its position 1n the socket, Le Damany states, thexefore, that because the
position of flexion is the fetal position, “dislocation has no reason to occur in
flexion.” In a position of extension, however, the posterior surface of the neck
strikes the acetabulum and the head is levered out of the socket. With constant
pressure, the posterior im atrophies and becomes shallow and therefore cannot
retain the head, As a result of this abuormal pressure of the posteror susface of
the neck on the posterior rim of the socket, the blood vessels 1n the retinaculum
of Weitbrecht are also compressed, producing a relative decrease in the blood
supply of the nucleus of the head as well as the metaphyss, and this decrease may
in part account for the hypoplasia of the neck and head so characteristic of hip
dysplasias The mterference in the blood supply may also cause some softening
of the metaphyseal junction and thereby play a role 1n the increasing anteversion.

Murk Jansen believes that the hip dysplasias are all primanly caused by the
extreme development of the brain i man which necessitates a wider pelvic girdle
to secure birth. The wider the pelvic gndle the moie complicated the processes
required for stability in erect ambulation,

One of the oldest theories 1s the forced position of the fetus m utero. It probably
does account for an occasional case, such as that reported by Chandler, and 1t may
contnibute to the deformity in others, but the majonty opmion does not support
1t. Other theories include failure of development of the acetabular epiphysis
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Mankrp PrepoNvrraxcy of Concenirar Hir Dyserasia iy Guus

Siuce about 85 to 90 per cent of congenital dysplasia of the hip with or withou.(
dislocation occurs in girls, they may rightly claim almost au esclusive right to lh!s
affection. Stewart Mindly explains this marked predominance in girls by. their
Ingher stage of ontologic development in that “their manoembryonic pelvis lmi
departed farther from the more primitive or polyembryonic pelvis of the mnlc..
Le Damany has another explanation, [ie states that newly born boys liave a pelvis
broad above and narrow below because of the coming together of the ischia—the
result being that the acetabulum is directed shongly downward, which gives the
femur a good support. In guls, the opposite is true—the subpubic angle is wid-
ened, the 1schia are more separated, and the acetabulum is more vertical. 1t is
possible that sex differentiation may play a part in the embryologic rotation of the
Tunb bud fo form either a male or female pelvis, development of the latter being
such as to make dysplasias more likely to occur. Kingsley and Olmsted report a
higher degree of anteversion in the female, and this could be eaplained on the
basis of a relatwvely greater rotation of the Jower extremity than of the innominate
bone. In his study, Howorth found differences between the male and female
pelves which were comparable to that m the adult, but none which would ac-
count for the preponderance of congenital dysplasia of the lips in feunales. Werus-
dorf's observation that females are preponderantly involved because the hip
sacket in the female develops more to the side, whereas the male's is turned to the
front could also be explained on the basis of a relative retardation of, or difference
1, ratation of the innommate bone in the female. If this normal relatise retarda-
tion in rotation of the mnominate bone is combined with any degree of hypo-
plasia, either skeletal or muscular, the meidence of hip dysplasia in girls appears
the more plausible.

Dracnosis oF Hip DySPLASIA WITH OR WITHOUT DISLOCATION

It is generally agreed that the sooner the dysplasia is diagnosed and treated the
better the chance for a perfectly normal hip. The ideal would be to recognize the
condition at birth aud duect the activities of the nfant to assist in the remodeling
processes of the hip Perhaps i this way the development of a true dysplasia with
luxation could be p d in many The di however, is ex-
tremely dfficult i the newbom because of the many normal varfations at birth
and the fact that the head and acetabulum are mamly cartilaginous. Even in
clinjes where routine examunations for dysplastic hips are carried out, the diag-
nosis is frequently not made until the age of three or four months or I:mter whegn
the upper femoral epiphysis begms to ossify. Dysplasia of the hips should i)e sus-
pected 1 every wfant born with a clubfoot because of the frequent associatio
between the two conditions, as shown by Bomfin. "

In the first few months of Iife the condition 1s
plasia without dislocation and only a mild or »
‘]’;hi](:h makes carly diagnosis, especially in bil

the con 2]
gsmbh:];le;‘((lil; 115::[;:2:930;;3 side only and if the sublunation 1s sufficiently
e e e may show a shght himitation of abduction: (2)
gh may be a httle more externally rotated, (8) there may be a shgh,t de-

practically always a simple dys-
moderate degree of subluxation,
ateral cases, all the more diffcult.
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nerve, The anterior division revealed evidence of swelling, fibrosts, interstitial
neuritis, and degeneration of axis cylinders, many of which showed no medullary
sheath whatsoever 1t is to be expected, therefore, because the diagnosis of con-
gemtal hip dysplasia is now usually made in infancy when the processes of re-
modeling of the hip are so active and sensitive, and because open reduction is
usually not resorted to until after a trial at conservative therapy, that future re-
ports of the pathologic anatomy of hip dysplasias will be at varance with the
usually accepted statements in our textbooks and literature,

TyPES OF DISLOCATIONS

Although there 1s general agreement concerning the classical posterior and the
upward dislocation or subluxation, there are many who question the exstence of
a true anterior dislocation. Others consider it of little importance because the
position of the head in relation to the socket may change constantly, depending on
the position of the thigh and other factors, In a study of 100 operative cases,
Howorth found that the head was dislocated outward, upward, and forward, and
that posterior dislocations were few and almost uniformly occurred m older chil-
dren Badgley, however, states that anterior dislocation 1s infrequent and is al-
ways accompanied by coxa valga and anteversion. According to Kruda, the pri-
mary displ t1s lateral, the Jary displ. is frankly lateral,
and the terminal state 1s a posterior dislocation which rarely manifests itself before
the end of the third year Like Le Damany, he pomts out that the anteriorly dis-
placed head rotates mto a posterior position on flexion of the thigh, confirming the
former's behef that the fetal flexed position is incompatible with dislocation in the
early stages of dysplasia. Stewart 1s also 1 accord with the mechanism of dislo-
cation described by Le Damany and with the views of Krida i his statement “a
high degree of anteversion and a well developed ischial acetabular rim are in-
compatible with retentson and result i antenor displacement.” From these obser-
sations 1t seems reasonable to conclude the primary position of the bead in
refation to the plane of entrance mto the socket 1s anterior, and that this position
with varying degrecs of lateral and upward displacement is retained until actual
dislocation takes place, when the head usually shifts nto a posterior position, In
the unusual ease, depending on the rotation of the limb bud and the degree of
angulation and torsion (retroversion) of the neck, the primary position could be
developed postertorly, or the head might shift forward from its original anterior
position (probably due to a relaxed or poorly developed anterior capsule) to a
position under the anterosuperior hac spine and thus produce the so-called pri-
mary anterior dislocation. The latter 1s considered to be a distinct clinical entity by
McCarroll and Crego in a report of 10 cases. The position of the head under the

jor spine is parable to that in which the head was forced there
by the “anterior reposition” opetations of Lorenz and others.

In Chandler’s unusual case in which the dislocation probably occurred in ntra-
uterine life, there was a bilateral posterior dislocation with 209 retroversion of the
neck. A sumilar amount of retroversion of the neck was present in Allison’s case.
1In Schede’s 2 specimens there was also retroversion jnstead of anteversion of the
neck. The primary position of the head in relation to the opening of the socket
could be considered to hase been posterior in all these cases.
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the anterosuperior itiac spine and the mhcmsi}y of the ischium). In bll.lllcml‘c:;zfz
there is a characteristic widening of the perineum (pru!)xx})ly duc to "'|(c?ll] [(; e
imward rotation of the limb Dud). In unilateral cases this is often mani (l.s L .)13_
2 umlateral distortion of the bones of the pelvis. The acetabular angle (the ang

Fic. 8 —Roentgenogram of a congemtal subluxation of the hip to demonstrate Putty’s diagnostic
tnad, which 1s (1) delayed appearance of the osscous capital epiphysis, (2) increased distance
of the trochanter from the acctabulum, and (3) abnormally steep or short acetabular roof.

between the roof or ilic portion of the acetabulum and a horizontal line passing
through the Y or triradiate cartilages) can be measured and is usually found to be
increased to 30° or more (the normal being 20°) (Fig. 9). Kleinberg and Lieber-
man state that if the angle in an mfant 15 30° or more, dislocation will probably
occur Concerning the smportance of the abnormally steep or short acetabular
roof of Putti’s well known triad, Hart states that the primary roentgenographic
feature of dysplasia of the hip is an increase 1n the angle of incidence of the roof
of the socket and that this angle is increased to 30° or more in dysplasias. Shen-
ton’s hine is always irregular and the neck of the femur shows varymg degrees of
shortening and widenmg (Fig. 9). The interpretation of lateral views of the hips
15 less dufficult at this stage and the recogmtion of bilateral cases facilitated
Bruce's measurements may be used to determine the evistence of, or extent of,
subluxation. A honzontal Iine is drawn on the flin through the clear areas m the
center of the acetabula which represent the triradiate cartilage, and a vertical line
15 drawn through the edge of the acetabular roof. In umI:teral sublunation the
vertical line is drawn on the sound side, and a parallel line equidistant from the
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crease in the normal flexion contracture of the hip which is present at this age,
(4) there may be an increase in the number of, or a deepening of, the folds in
front or back of the thigh; (5) there may be an apparent shortening of the thigh
on the involved side; (6) there may be a slight looseness of the joint determined
by moving the flexed thigh up and down on the fixed pelvis; (7) the pulsation of
the femoral artery may be less distinctly palpable on the affected side if the head
1s abnormally placed and therefore does not support the vessel (Fig 7); and (8}

Troch.,

Luwat
Syprocotyl

Fi 7.—Schematie drawmg of the position of the fumoral head in relation to the femoral artery
and Poupart’s igament Nogmally the femoral artery is m front of the fcmoral head und the
latter gives it support on palpation If the head of the fumur 1s disphiced, the fcmoral artery
Ioses 1ts support and cannot be palpated or the pulsation may be less than that on the normal side

there may be a shght lateral bulge of the greater trochanter when the flexed and
externally rotated thigh 1s brought to an adducted position. Roentenologic exam-
ination will often show only a shight hypoplasia or abnormality in the shape of the
pelvis on the affected side, but frequently there is evidence of an abnormally steep
socket or shallow roof or a slightly laterally placed upper femur. Slight vanations
m the roentgenograms are difficult to evaluate i an infant due to the flexed posi-
tion of the hips and the technical difficulties in obtaming true projections.

Diacxosts oF Hip DysPLAsIA WITH SUBLUXATION AT THE TIME OF APPEARANCE OF
Urper FesoraL Eprpuysis

The diagnosis can usually be made at this time because postnatal growth and
deselopment have proceeded to a stage where both clinical and roentgenclogic
findings are no longer p phse, Actual dish however, 1s seldom pres-
ent, and the condition is usually one of hip dysplasia with subluxation Puttr’s
diagnostic triad can almost always be demonstrated, i ¢, (1) delayed appearance
of the osseous capital epiphysis, (2) mcreased distance of the trochanter from the

buls and (3) al lly steep or short acetabular roof (Fig. 8). The
previously noted dysplastic findings become more pronounced, and the greater
trochanter can usually be found to lie above Nélaton’s hine {a line drawn betwcen
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does not occur until the child begns to walk, The presumptive findings in infants
with minor luxation and the more positive findings at the time of ossification of
the capital epiphysis continue to hecome increasingly magnified until actual dis-
location ocews, at which time it is usually possible to make an accurate diagnosis
by a careful physical examination alone,

Diacyosts or Hip DiseLasia witit DISLOCATION BLEORE Tite \WALKING STAGE

The findings in dysplasia with dislocation before the walking stage can be
briefly summarized as follows: (1) The increase in or deepening of the skin folds
or creases is more promment (Fig. 10). Usually the inguinal crease is deepened

Fia, 10,—hSl\etch of a newhorn infant with the lg;
ness in the greater trochanter area and two sk nne
r thigh cr
more shallow thigh crease on the left, These findings are al%va)cs i?x?gs(::?;rzsf‘zdn“}l:lh oo
up dislocation, ght congental
(After Fresberg)

gs placed parallel. Note on the nght side full-

palpable absence of the head f

he hi
rom the acetabulym, (3) The pul e hip and a

sation of the
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mudline is drawn on the affected side. Normally the capital epiphysis lies below
the horizontal line and medial to the vertical line. In potential dislocation or sub-
luxation 1t lies below the honzontal line but lateral to the vertical hne (Fig. 9),
whereas m actual dislocation it lies above the horizontal Ime and lateral to the
vertical line (Fig, 9)

dislecation. The horizontal hine has been drawn through the clear areas m the center of the

acetabula which represent the tnradiate cartidage The vertical haes are drawn through the

cdges of the acetabular roof The acetabular angle on the dislocated side (A) measures 37
(normal 20°)

European writers (Leveuf, Severm) have suggested the value of arthrographic
studies of the up as an aid in diagnosing the exact pathology present These
arthrograms res cal the outline of cartilaginous structures which are not visualized
by direct a-rays, as well as the relaxation of the capsule The procedure has not
had wide acceptance in this country and is usually not recommended as a safe or
necessary diagnostic ard.

Diacnosts oF Hip DySPLASIA FROM THE APPEARANCE OF THE OssEous CAPITAL
Ertpiysis To THE WALKING STAGE

During this stage of the growth and development of the hip, the incidence of
dysplasta with dislocation begins to increase, but i most cases actual dislocation
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anteroposterior views of the pelvis with the patella straight up as \\'cl.l as with the
thighs in maimal internal rotation, in order to determing the approsimate dugm’u
of anteversion of the neck and to note whether the displaced head will approvi-
mate the socket in this position. Routine films should also include “push and pulY
views of the pelvis to determine the extent of Janess of the capsule and whether
the head comes down to or below the fevel of the acetabulum on pulling. Because
of the relative frequency of bilateral hip dysplasia and especially of dysplasia
without dislocation, it is necessary to examine the opposite side carefully in every
case of umlateral dislocation, not only at the time of the original examination hut
alse dusing the entire treatment of the dislocated hip. Sometimes a hip dysplasia
is not recognized until there is an actual dislocation of the opposite side.

DIAGNOSIS AFTER THE WALKING STAGE *

It s after the walking stage that in most mstances the extent of dysplasia of the
hip is revealed, and an increasingly greater proportion of cases brgins to show
dysplasia with dislocation. True dislocation, however, may not Dbecome manifest
for several years. In addition to the clinical and roentgenographic findings in the
dislocated hip before the walking stage, the advent of erect posture and ambula-
tion produces stll further signs of hip instability and dysplasia, the most im-
portant being the abnormality in posture and gait, and the positise Trendelenburg
sign. There is usually an increase in the lumbar curve which is more pronounced
in the bilateral cases. The gait is typically “waddling,” cither umlateral or bi-
lateral, because when the child puts her weight on the affected side the head of
the femur rides up on the ilium and the gluteal muscles cannot exert their stabiliz-
g influence. This also produces a positive Trendelenburg sign. The sign 15 con-
sidered positive when the child stands on the affected extremity and the opposite
crest of the tlium and gluteal region fall instead of rising, owing to inability of the
gluteus medius of the affected side to stabilize the pelvis (Fig. 12).

As the child grows older and approaches the age of two the waddling gait may
have a tendency to decrease, the lumbar lordosis may become more prominent,
and the telescoping less marked, The head and acetabulum may show marked de-
foumity owing to the demands of function in their abnormal relationship, After the
age of six there 15 a progressive deformity of the head and acetabulum, and the
latter may show nothing more than a slight indentation. At this time the patient
may first complam of some pain and fatigue.

DracNosis oF PrRixaRY ANTERIOR DisLoCATION

Although some orthopedic surgeons believe that such an entity does not exist,
most teats include it as a distinct type of dysplasia of the hip. Royal Whitman
states. “The symptoms of umlateral anterior dislocation, in which the head hes
beneath the anterosuperior spine, are much less marhed than in the classical
tenior dislocation because the relation of the pelvis to the femur is ‘or~ oy
normal. The shortening and Limp are less marked bex ntine
support .oﬁered by the tissues inserted in the anterosuperior spine. The Jum}
Jordosis is usually normal or even flattened.” McCarroll and Crelro T -n d s
{mterior congenital dislocation of the hip as a distinct clinical enét’n eca(; e s
it can be accurately differentiated from posterior and upward dis)lloi:ti:rtnalt)ey!?}‘:;

nearly
cause of the relative secure
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femoral artery js less distiuct on the affected side because the head does not sup-
port the artery as it 1s being palpated (4) There is an absence of the normal m-
fant flexion contracture of the hip with the head ont of the acetabulum. (5) There
35 a defirnte hmitation of abduction of the thigh on the affected side, bilateral in
bilateral cases, whereas at the other motions of the hip are usually mereased. (8)
The leg will be in a position of external 10tation because of the dominant action
of the eaternal rotators with the head out of the socket (7) In unilateral disloca-
tion there 15 an appaient shortening of the thigh on the affected side as evidenced
by the lower position of the knee with the patient in the recumbent position with
the knees and hips flexed and the soles of the feet square on the table (Fig. 11).

_— o
EEl S
——————— )
o~ = CAN
—_— ==

Fre 13 -Sketch of a newborn child with 2 congemtal dislocation of the nght lip The differ-
ence 10 leg length is difficult to determine at this age with the tape line With the child on ats
back, the knees and Inps moderately fleacd, and the feet held parallel and togcther, shortemng
15 demonstrated by the difference in knee levels, the nght bemg lower, indicating 2 shortenng
of the nght leg,
( After Fretberg)

This test cannot be used m bilateral dislocations. (8) The telescoping sign 1s
ahvays positive, as evidenced by the abnormal piston-like motion of the greater
trochanter as the thigh with bent knce 15 forced up and down on the stabilized
pelvis. This sign becomes more pronounced, however, after the child begins to
walk (9) The greater trochanter always lies above Nélaton’s line. (10) The head
of the {emus may be palpated posteniorly. The roentgenographic findings will not
only show the hypoplasia of the pelvis, the relatne hypoplasia of the capital
epiphysis, the irregularity in Shenton’s line, and the steep acetabular roof, but also
the position of the head m relation to the sochet, and the degree of dislocation.
Bruce's measurements can be used for this purpose and will show the capital
epiphysis to be above the horizontal line and lateral to the vertical line; however,
good lateral views are necessary to show the relationship of the head to the
acetabulum in the lateral plane. Roentgenogiaphic studies should also include
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following: (1} lumbar lordosis absent, (2) less shortening, (3) buttock flatter,
(4) anterior bulge just below anterosuperior spine, {3) femoral liead palpable
just helow anterosuperior spine, and (B) lateral roentgenograms show a true an-
terior dislocation.

TrEATMENT oF ConGeNITAL Dysprasta or THE T

Historical. Since the time of Dupuytren when congenital dislocation of the hip
was first recognized as a distinet clinical entity (1828), there has been a continu-
ous debate on the fundamental issue of “closed versus open reduction” as the
method of choice in treatment, As carly as 1830 Humbert performed an open
reduction, and it was not until 1888, 58 ycars later, that Paci first reduced a con-
genitally dislocated hip by the closed method. Pacr’s work was so stimulating that
seven years later in 1895 Adolph Lorenz and Albert Hoffa were able to report a
large series of cases treated by the closed as well as the open method. Pacr’s
manipulatne reduction was the basis for the famous “bloodless operations” of
Lorenz, which caused the latter to be invited to the United States at the tum of
the century to demonstrate hus method. Shortly thereafter report of the works of
E. H. Bradford, G. G. Davis, John Ridlon, Harry Sherman, R, A. Hibbs, and others
appeared in the literature, which for the next 20 years assumed +oluminous pro-
portions. The wide diversity. of opimon resulting from this work could be best
expressed by the views of the following men: Galloway, who recommended open
reduction in all cases, in 1926 wrote. “The operative results in young children are
so umformly satisfactory that one no longer approaches these cases with a feeling
of dread or uncertainty, but with confidence that the treatment is simple, safe
and practically certain to result satisfactordly . .. this applies particularly to chil-
dren under three years of age whe have never been subjected to treatment by
manipulation or otherwise.” Allison in 1928 had this to say: “The surgeon who is
called upon to treat copgenital dislocation of the hip must face the facts which
have accumulated mn the past 25 years, the period in which the treatment of this
lesion has seen sts highest development. An analysis of these facts wall show that
our present methods of treatment call for improvement. Any degree of compla-
cency regarding the end results of treatment 1s untenable, untenable because the
results s.hmY about 50 per cent success in double cases and about 60 per cent
success in single cases, reduced well within the age limuts.”

mln:]txl:;z ‘s’nx?; C)a e:ra :lle}; f})rr(;::s, re[ﬁ)oning a new method of operative treatment,
are amenable to cure ir alllevmt’iro?l ;?hzznx;:ctl?n that oll cases ovf this deformxty
for diagnosis and treatment in early inf; B e e :h;.;t ifall cases came
b ¢n arly infancy, there would be little need for open

operation, yet this ideal 1s probably a long way off, and in the meantime I -
there is no justification for the common attitude of pessimism about ﬂam s
older than three or four years, most of which can be cused or relx'eweud " Tust one
year later, in 1929, V. Putti, whose rich evpenience is generally reco " ]l:isthone
this rather optimistic view: “The techmique now wsed for cloy ed %ﬂlle. e
attained such a degree of perfection that I believe very little c:i breducnon %ms
prove it and little is to be hoped from possible modxﬁclc?;ions " O " beb e m?-
replete with the names of those who have been out tand -" Our bibliography is
subject since 1930, These contribations 1 : uts zl.n ing contributors to the
ributions have included improvements not only i
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of the abductor muscles

{After Shands)
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cation thereof, reduction may be ohtained by gradually bringing the thighs into
a position of mavimal abdnetion wnd internal 10tation, after whichs the position s
maintained by apparatus switable to the individual case. H the normal flexion
contracture of the hip is sull appreciable, care must be eer cised in bringing the
hip into the extended position. When w plaster spica is used, therefore, the thigh
should be flered as well as abducted and internally rotated. Ater two or three
months with plaster immobilization, it way be possible to resort to a Dennis
Browne splint {Compere and Schuute) or a sunilar spreader bar. By this method
10tation of the Umb is controlled, the sPre:\dur bar maintains wide abduction,
and continuous pressure of the head in the sochet is obtained without rigid
immobilization. The infant is able to flex and estend his hips, sit up, or even
stand, all of which are wnportant in reshaping the sochet and restoring hip func-
tion. In these cases the hgaments of the hnee should be carefully watched because

Fic. 14 ~Frepha’s pifiow splnt
{Courtesy of Dr. Vernon Hart)

of the danger of relaxation due to excessive mechanical strai i i
lups are not freely mobile 1n extension and abduction. Bilater‘fx‘lll;,0::;I}icglac?s]tsl‘w‘iltlle
crossbars can be used for the same purpose (Fig 15). The casts extend to th X
upper thighs and the knees are bent so as to permit internal rotation. This positi IE
15 safer mn that it aids in protecting the ligaments of the knee )oint, . ponon
ar?gziﬁi?exxﬁ) tD:}[n;a::.D?]; Thi e::sefofl reduction and adequacy of retention
e extent of the pathology of the dysplasia by -
pecially on the pathology produced by previous tr S eoously o
;:eat.ed case under 18 months of age (l{c Ir)Eduction i:Z‘:::z;g, Iel;s?l P;‘Z‘C'LUUSI])" }11"1‘
by simple nympulahon followmg prelimmnary skin haction How);w tlrln Phoned
ing epiphysis of the head may have been so severely miur.ed and 3::[0“‘21;';;0;)"-
Y

previously 1l adwvised treatment, that ;
operation, ’ reduction 15 not possible even with open
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operative and conseivative technics and methods of carlier diagnoss, but also m
the basic studies of the embiyology and pathology of the condition, on which
good treatment must depend.

Principle of Treatment of Congemital Hip Dysplasia. The general principle of
ticatment could be expressed as follows: early recognition, accurate atiaumatic
reduction, and umnterrupted 1etention of the head withm the sochet until a nor-
mal acetabulum has been developed, keeping in mmnd the prerequisites of mo-
tion as well as position for the proper remodeling and functional restoration of
the hip joint

Fic 13 ~(A) Putty’s mattress splint. (B} Puttr’s adjustable sphut
(After Mercer)

Treatment in Early Infancy (Before the Appearance of the Capital Epiphysis).
In the first few months of hfe the displacement 1s so mimmal that 1t suffices to
place the normally flesed infant’s thigh mn shght abduction to obtain reductson.
I thus position 15 maintamed for a few months, the reduction will be peymanent
(Puttr) Putty's wedge-shaped sphnts (Fig. 13) or Frejka’s pillow sphnt (Fig. 4)
may be used for this purpose, or plaster leg casts with crossbars, or shoes with a
crossbar. The thigh should not be forced mto extension because the normally con-
tracted ihiof ] Iig: has a tend to redisl the head when 1t is
stretched (Le Damany; Chandler; Allison). Transition from the normally flered
fetal position of the hup to that of estension should, therefore, be a gradual
process and traumatic incidents tending to force eatension should be avoided.

The Treatment i Late Infancy (from the Appearance of the Capital Epiphysis
to the Walking Stage). In late infancy, the normal development as well as the
dysplasia has usually progressed to a pomt where more direct treatment measures
may be required. Dysplasia with sublusation 1s the rule, but actual dislocation
may already have developed

Dysplasia with Subluaation: The great majority of these cases (94 per cent,
Scaghetti) will develop normally if sumply placed in abduction and internal ro-
tation for a few months. With Puttr’s wedge-shaped splint (Fig. 13b) or a modifi-
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ducted position, an audible dull snap is clicited as the head glides into the
socket. r N

Method Described by Joues and Lovett: Wath the child on its bn.ck‘ the oppo-
site thigh and pelvis are fixed by an assistant, The affected ll\}gh is ﬂmct.I to a
nglt angle, internally rotated, and then abducted without losing the flexion or
rotation. During this mancuser upward pressyse is exerted on the trochanter.
After reduction, the soft tissues in front of the hip are gently stretched so as to
bring the knee in the same plane as the body. Stability is then tc.stcd by releasing
pressure on the limb and noting the angle at which the hip redislocates. .

Regardless of the method used, the objective of treatment is not reduction
aloue, but reduction without trauma. Allison expresses it this way: “Unless the
dislocation can be reduced with what Lorenz called ‘playful ease;” it bad better
be protected against the trauma of forced reduetion.” That aseptic necrosis of
the femoral head should occur during the course of treatment of congenital dis-
tocatiou of the hip in 25 per cent of cases (Howarth), intimates a lack of appreci-
atian of the validity of this principle of atraumatic reduction,

Method of Retention. After accurate atraumatic reposition of the head in the
socket, 1t is necessary to hold it there unjnterruptedly until an adequate aceta-
bulum has been formed and a stable hip assured. This may be accomplished in
many ways, but the most popular method still is the “frog leg” plaster of paris
cast originally devised by Lorenz (Fig, 16). In this position, the hip and knee are
flened to 90°, aad the thigh is abducted ta 80° and externally rotated to 90°, the
so-called 90-90-90 position. The frog leg position has been used successfully for
more than a half century, and therein probably lies the explanation for its con-
tinued popularity. Recently, howeser, there has been a tendency to question the
advisability of this position, mainly because the surgeon who exposes the hip at
open operation finds that he cannot retain the head in the socket in this classic
position but is usually required to abduct and inwardly rotate the thigh, often to
an extreme degree, to mamntain reduction. Alison has given us a detalled anatomic
study of the hup of a child who died four months after manipulative reduction and
immobilization in the frog leg position. He found that the pubofemoral ligament
is tightened ta tts maximum as abduction is mcreased to 50 as in the frog leg
position, and presses the head against the posterior rim of the acetabulum. The
pubofemoral Iigament also acts as a pivotal point about which the femur swings
as the head s lifted into the socket by upward pressure on the trochanter. The
diofemoral ligament, on the other hand, is relaxed in the flexed position of the hip;
and on abduction the head passes forward and under this band, In the 0sition ’o;
90° flexion and 90° abduction with the head reduced, the dliofemoral Ill')gamcm 18
;beglll Cet.::f)cm?f to lt;hc head and greatly selaxed. 1t therefore has no influence on

u after the Lotenz method. In Allison’s case, however, the neck was re-

troverted about 20°, so that accurate appratsal of the effc i
s ects of a tight -~
femoral Isgament on the anteverted head is not b

ossible. However, it 1

i on th P » it is possible
th’at th'llx’ p is primanily responsible for keepi g the head in the socfet, and
when it is damaged or cut as w open operation, the head cannot be contained i)
the socket in the frog Ieg position, o

Immohilization in the fro

leg position is ) intai
six months, St g leg p is usually maintained for about three to

leg is gradually brought down fo a neutral position by
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Methods of Reduction. Since the original method of Pact, there have been many
mmor modifications in the mampulative reduction of congenital dislocation of
the hip, ie, Lowenz, Lange, Calot, Denncé, Ridlon, Davis, Le Damany, and
others. Ridlon’s method, for mstance, differs from Denucé's only in that he does
not use prehminary massage of the adductors to obtain relaxation prior to redue-
tion. Jones and Lovett and Le Damany use essentially the Paci-Lorenz method
and they too disapprove of preliminary massage of the adductors Davis” method

Fic 15.~Biateral long leg plaster casts with the hups held 1n abduction and mternal rotaton
by means of cross bars This 15 used as a means of postreduction fixation 10 certam mnstances.

(After H R McCarroll)

duffers mawly m that the reduction is performed with the child in the prone
position. Most orthopedic surgeons today use either the Denucé method or scme
shght modification of the Paci-Lorenz procedure which has proved most effec-
tive in themr hands

The Denucé Method; After prelimmary stretching of the adductors by abduc-
tion and massage, the thigh is flexed on the abdomen and circumducted from the
opposite axlla around the involved side while at the same time upward pressure
is exerted on the greater trochanter As the thigh 1s brought around to the ab-
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successive changes of casts for another three months. After six to nine montbs,
the legs are wmaintained in wide abduction and internal rotation by ineans of
splints or braces until a functional joint is assured. Many continue the frog leg
ymmobilization for siv months and then gradually change the position of the leg
for three more months. Some even advacate plaster immobilization in the original
posttion for eight to nine months (Brewster). The period of immobilization in
plaster recommended by Putti is much shorter, He uses the frog leg position for
only one and a half or two months and then gradually brings the legs into exten-
sion and internal rotation and holds them there by special splints, stressing the
necessity of function of the hip during the period of immobilization.

Calot first determmes the degree of anteversion of the neck and then immo-
Dilizes the hip in flexion and different degrees of abduction and internal rotation,
depending on the angle of anteversion. He uses a position of hyperflexion of the
liip to an angle of 45° for two months in the first cast, an angle of 90° for two
months in the second cast, and 135° for two months in the third cast. The actual
period of immobilization varies with the age of the patient.

Wemndorft employs a so-called “anillary abduction™ position when the hip is
very unstable. The knee is brought up practically into the axilla and held in this
position for about six to 12 weeks, followed by the usual frog leg position.

MecCarroll and Crego have long abandoned the classical frog leg position in
favor of a position of abduction and internal rotation with the lip extended. A
bilateral hip spica is applied which estends to the opposite knee. In certain cases
they use bilateral long leg casts with crossbars to hold the legs in abduction
and internal rotation while at the same time leaving the hips free for motion
(Fig. 15). Thewr views are in accord with that of Lange who states that the hip
should be immobilized m hypereatension, internal rotation, and abduction to
about 135° because of the anteversion of the neck and the fact that this s the
position required to maintain reduction at open operation.

Blount’s “peg-leg cast” consists of immobnlization in the Lange position, the
cast bemng prolonged distally at the knee by means of a crutch mncorporated in it
mn order to permit weight-bearing.

Comp?re and Schoute recommend the followmg plan of treatment: (1) frog
leg position for two months; (2) abduction spica cast with leg in moderate u:
tef:;all xotah:n; for two months; (3) bilateral casts to the lower extremities held
::mefz,at[::; mzna:h[;]z:}s:er strut Vto mamtamn constax?t abduction and internal rota-

(4) Denis Browne s lus pering the child to sit up and be somewhat active;

plint with long spreader bar for two months—the splnt is
zleﬂo\'ed each day for bathl{xg, (5) spreader splint is left off for one hour twice
da y, ar:ﬁ ea;h week an additional hour is added unty] the splint is left off entirely
lsﬂ;::fnal'e ay. The sphnt 1s then worn as a night sphnt until the hip join-t
N A(lll thf}s: m:lt.hods have one thing 1 common,

ead within

many ways a;; \sv(:lcl]l\ett};e'r::—ekr:llsn :san be ahccomylxshed with good results mn so
pliablity of the human forin at this agl: ::dc Kh‘;a;::l)]:i Ppositions 1s a tribute to the
velopment, ent forces of growth and de-

the continuous retention of the
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Fic. 16.—(A) Immobalization after reduction of a congemtal dislocation of the lup in the “frog-
leg” plaster of paris cast ongmally descnbed by Lorenz. In this posttion the hip and knce are
ﬂm:i’m 90°, the hup 15 abducted ta 90° and eaternally rotated to 90°, (B) Bilateral congemtal
dislocation of the hip i a “frog-leg” plaster of pans cast showing the c(lld on a Bradford frame
suspended by webbing straps from ends of crib, Note the bed pan beneath the frame,
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Treatment after the Walking Stage. The treatment is the same as hcfn'n’ the
walking stage, except that reduction and retention are often much more difficult
to achieve by conservative measures. At this stage it is usually necessary to
resort to traction in order to bring the head down below the level of the acetab-
wlum before atraumatic reduction can be accomplished. Depending on the
degree of shortening of the capsular structures and the muscles, and on the age
of the patient, varying amounts of traction are required. Ordinarily skin traction
suffices, but sometimes it is neeessary to resort to skeletal traction. McCasroll and
Crego state also that as much as 15 to 20 pounds traction is often necessary even
in young children, and that this amount of traction cannot be secured by skin
traction.

Besides the shortened muscles and capsule which can be treated by preliminary
traction, most authorities agree that a high degree of anteversion of the neck is
one of the chief obstacles to a successful reduction. Treatment of this condition
by some form of osteotomy is often done by the surgeon who performs an open
reduction, but 1t is seldom done as part of the closed or conservative treatment.
Schede (1897) was the first to recognize the importance of anteversion of the
neck, and he proposed a plan of treatment which, with minor modifications, is
bemg used by many of our leading orthopedic surgeons (J. Royal Moore}. After
reduction, the hip is immobilized in plaster for three months with the leg in abduc-
tion and maximal internal rotation. A derotational subtrochanteric osteotomy is
then performed, fixing the upper fragment by means of a long nail. Postoperatively
the hip is fixed in plaster for three months, incorporating the nail in the cast. It
was not long after Schede’s work that Lorenz discovered it was usually the exces-
sive anteversion of the neck that produced the failures of closed reductions,
Whereas Schede proposed a subtrochantenc osteotomy, others performed it in
the supracondylar region either surgically (Hey Groves) or manually (Krida),
Galeazzi recognized anteversion of the neck as the most important element in the
dlslocatiox? and proposed exercises to correct it, after four months immobilization
m plaster in t.he re(?uced position. Compere and Schnute state that the anteversion
\vxl.l correct itself in almost all cases without osteotomy. Gill was of the same
opinion, on the basis of his experience with 75 open nperations, when he said:

‘Anteversion of the neck which has been talked about by so many orthopedic
vner becn shhaed 1o spets o oo operation, and in no mstance has
angle of anteversion of 35° lis cnnsxderelgetc b is condition. ‘Smce an _abuormal”

0 be normal at birth and, since as the
result of postnatal growth and development this angle gradually diminish
would seem reasonable to believe that an angle of anteversion ); e 1::;15 es, 1;
would also be amenable to the same forces which ly d G r then 85
The advisability of compl pommally Cerotate the femur.

plete correction by 90° of derotation, as is currently being

recommended and practiced in some clinic i i
5 1 i
questionable. would in this light appear to be

Fic 17.~(A and B) Anteroposterior and lateral

of the nght Jup 1n a three year o0ld girl bel & of ac hisl
reduction The acetabubues s sl Samenion eauction (C)"Twa years aler successful slosed
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contained in his admonition that “the plan of aperation should be made with the
avoidance of force as its most important feature. It does not neeessarily hold true
that force and resultant damage to the growing cpiphysis are Jacking in redoe-
tion by open operation.” Because the diagnosis was seldom made before early
childhood, operation in those days was rarely performed before the age of two.
Today, howeser, an increasingly large percentage of cuses come to operation be-
fore or shortly after the walking age.

Hey Groves (1928) and Colonna (1930) were the first to use the redundant
“hourglass” capsule as an mterposing tissue after enlarging the socket, the main
difference being that the former secured the capsule intrapelvically by means of
kangaroo tendon. Both stressed the necessity of preliminary traction to bring the
head down below the level of the acetabulum. For the younger age group,
Colonna originally recommended the procedure for patients under the age of
three years whose hips had been satisfactonly reduced by the closed method but
did not remain reduced. However, since that time, his procedure with modifica-
tions has been the treatment of choice with many orthopedic surgeons for most
cases mn which closed reduction fails (J. Royal Moore). Other surgeons simply
expose the hip, divide the capsular attachments, and replace the head into the
socket, or, if the socket 1s too shallow, it 1s first deepencd. In older children if the
head cannot be brought down to the level of the acetabulum or if the acetabulum
1s markedly deformed, the “shelf operation” of Gill or Dickson is recommended
(Fig. 18). Good results following operation depend on the construction of an
adequate shelf of bone to produce a functional roof over the head for stability.
McCarroll and Crego recommend a wide shelf, extending from the superior rim
of the acetabulum and mcluding the anterior superior ihac spine, in the treatment
of irreducible anterior dislocations. In their experience all anterior dislocations
lt].a\c recurred following closed reduction, even when preceded by skeletal trac-

101,

Tz Do’s anp DoN'Ts 1y THE MANACEMENT oF CoNGENITAL DIsLOCATION oF mHE Hip

(1) Don’t forget that the disorder 15 ¢ lly a growth d& b 1y splasi.
) may maniest nsclt ether mmediately afte bith or not wnol the huld Begens to ‘:\':ﬁ?
2 cep m mind that although we speak of con, cogr
e the act that thre 1 o & potontaly dulonstong hp sud o vebTensind o "5
(3) Don't fail to Ir‘nalle the diagnosis m s earliest stage, preferably soon after b:l:{h and
' z the chance of
@ J¢r cent.
(5) Always suspict dy
) f;}l:normal:hus
6) Don't forget to take roentgenograms in all cases wh
m the hip and thigh regions I the child 1s less Ululx(;hf;::
only a slight sanation m the acetabulum or a slight display

splasia of the hup in chuldren bor wath tlubfoot or other congenital

ow shight chinical abnormalities
c months of age, there may be

P %‘mur 01: a s{:gh( vamation m the pelvie bones cement of the upper end of the
emember that a good physical e .
mg“fal an creascg ' phy xamunation must include a careful L;]nspectmn for ab-
and for pulsation n the antenor aspect
Limitation of motic shortening and mld

(8) Don't fal to look for Puttr's diagnos a
grostic tnad at about the age of fi

:3:; ll(r:(; (:lfdan;:}:inr?w of the t}ss;om capital epiphysis ﬂl‘}c(rnado:;:‘:;d:f l:lrxea li'o“l'lan“\:lt

s ed appearance of the osseous capital "

U schancs o e ceabula, amd (6 sty g o e sed ditance of
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THg OPERATIVE TREATMENT

Although open reduction was performed as early as 1830 (Humbert), it was
not until 1926 that its advocates had the courage to recommend it mn practically all
cases of congenital dislocation (Galloway). About that time Allison expressed
the view which has governed the indication for open reduction to the present time

Fic
itas
ness

by a wedge of bone taken from the thac crest
{After Shands)

m the followng words "\Vhen closed reduction by the method of Denucc or
Davis 15 not easily ace  * *

Iup by open operation.

properly executed oper

all resistant cases to that of force, dama&e, and long puwds of fisation without
function That open operation m itself 15 not a guarantee agamst damage to the
epiphysis or joint, such as would be expected from a forceful closed reduction, 15
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fact, the surface cartilage of the head is peculiarly unimvolsed. Ascptic necrosis
of the capital femoral epiphysis most nearly defines its essential pathology, but
there is a characteristic type of necrosis in this disease which is distingnishable
from that occurring in other conditions,

Hisronicat

It is an interesting circumstance that the disease was Erst made known to the
profession almost simultancously by the theee men whose names are so frequently
used to designate it, i.e., Legg (Boston) 1909; Calvé¢ (France) 1910, and Perthes
(Germauy) 1910. Waldenstrom (Sweden) also described it about the same time,
Before then, the discase was usually considered to be a form of tuberculosis.

AGE AND SEX INCIDENCE

It is a significant fact that coxa plana occurs almost exclusively in boys (85 to
90 per cent) and that this predominance in boys is exactly the reverse of that in
congenital dislocation of the ip (Gill). Howorth reported a sex incidence of
85 per cent in boys, and Levy and Girard found 91 per ceat involvement in boys
in a review of 102 cases. It is cqually significant that the age incidence is re-
stricted to the middle childhood or permanent tooth period, between the ages of
six and ten (Arey). Because the teeth are considered to be a part of the skeleton
and the age of onset of the disease and begmning of permanent dentition corre-
spond to the stage of development when for the first time since birth development
of the female is not definitely in advance of the male (Arey), it is possible that
certain variations 1 the growth of the head and neck of the femur are present in
boys during this period which predispose them to coxa plana. The disease is un-
Mfateral in 90 per cent of cases (Gill; Howorth; Levy and Girard).

ETiouocy

The eho¥ogy of coxa plana is unknown, but the following theories are advanced
to explam it: (1) vascular disturbance of the capital epiphysis; (2) infectious or
?ﬁa:lnmatc;y }?rocess; ](3) trauma; (4) primary dwsturbance in the growth or

lysplasia of the capital epiphysis; (5) a bination of the above f: 5
bereditary and fanlial facmrs.) o above factors; (6)

) Vascular Disturbance of the Capital Epiphysis. Some form of vascular occlu-
sion has been gencrally accepted to be the essential cause of this disease. The
vaseular occlusion may be the result of thrombosis, emboli, or spasm, or other
fa(.(ql’.s, such‘ as compression by an ovesly distended joint. Attempts to reproduce
the disease in ammals by occluding the vessels of the ligamentum teres as well
as the vesse.ls about the neck have been unsuccessful (Lippmann; Zemansky;
Sl:e;:;lr)tz. ngl}man(xll and iemzmsky occluded the vessels of the mu,nd Hgamex}:;
1 1ts and found a condition “closely resembling Legp-Calvé-P i >
Stewart, 1n one group of rabbits and dogs, ti S e e s diseate.

s gs, tied only the higamentum t i
the second group also circumeised th s e nd In
e . e vessels around the neck, and
zl:;tlla:xtofimum}) }:}::d 1(111 animals with open epiphyseal lines s}ﬁvegozﬁlal;d;i
egg-Perthes disease.” il
Close any am'rgnga L experim (1 case. A .c:}reful search of th.e terature failed ta dic
arteries had been tied off, . e I N ' '

ot e
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(9) Don't forget to begm treatment as carly as possible, preferably ealy 1n the subkuation
stage, and as soon as the diagnosis is made,

(10) Do remember that early in the discase reduction can be obtaned by simply brngwg

e thigh gradually into a_position of abduction and internal rotation with the hip i
mld flexion, Later it may be necessary to use a special mampulatne procedure,

(11} But in any case, don't ever use force in your manipulation, because you may easly pro-
duce damage to the delicate growmg head of the femur.

(12} If you decide to use the Denucé or a modification of the Paci-Lorenz technic, do obscne
all'the details of the mampulation and refrain from forceful stretching of the adductors
to obtain relaxation,

(13) In any case, if the reduction cannot be performed without undue force, open reduction
must always be considered

(14) Don't neglect to use traction as a prelumnary step before reduction 1s attempted This 1
necessary 1n all cases with actual dislocation, but 15 also advisable i many cases of
subluration

(15) Don’t discontinue the traction untd the head has been brought down to or below the
Jevel of the acetabulum,

{18) Don’t hesitate to use sheletal traction if shin traction 1s not adequate.

(17) Don't consider your reduction satisfactory until good AP and lateral rocntgenograms show
the head well placed in the acetabulum.

(18) Remembcr that permanent damage to the head and acetabulum will result sf the un-
seduced position 1s maintamed m a plaster cast for a considerable length of tune

(19) Don't forget that the reduced position must be continuously mantaned until an adequate
acetabulum has been formed This will require at least six months i plaster followed
by protectine measures to keep the leg n an abducted and internally rotated position,

(20) Don't neglect to use as much functional actisity as possible durng the penod of 1m-

bil Iy phy py and muscle traming exercises after the period

an,
of immobilizatron

(21) ¥ you dearde that open reduction 1s adusable, remember that the operation 1s simple
only i the hands of a traned orthopedic surgeon and should never be attempted by
the casual operator

122) Don't attempt to proguosticate the final outcome and guarantee a normal Jup, especially
sf the child has already been subjected to unsuccessful attempts at reduction.

(23) Remember that the statistics have not improved much m the past 20 years, and that un-
successful closed reductions with redislocations aserage about 40 per cent, especially
bilateral cases, when followed over a penod of years

[EX )

(25) We are mnchned to believe that almost all cases of actual dislocation are prescntable if
the dragnosis of the basic dysplasia 1s made eatly and proper conservative treatment is
mstituted

COXA PLANA
SYNONYMS

Legg-Calvé-Perthes discase, Legg-Perthes discase, Perthes’ disease; aseptic ne-
crosss of the capital femoral epiphyss; osteochondritis deformans coxae juvenilis

TERMINOLOGY

Because the true nature of this disease is unknown, there is no completely
satisfactory terminology. It 1s therefore often simply identified by the name or
names of those who first described 1t as a distinct chnical entity. The term coxa
plana, suggested by Waldenstrom in 1920, appears preferable because it describes
the typical deformty {flattening of the head), which 1s characteristic of the
disease. This deformty, however, nced not always occur and healmg may take
place without a flattening of the head. The term osteochondntis 1s incorrect be-
cause there is not an inflammation of bone and cartilage (Gill); as a matter of



PROBLEMS OF THE HIP JOINT IN CHILDHOOD 363

to the function of the thyioid gland (Gill). Schacfer and Purcell, on the other
hand, state that the disease is due to hypothyroidism and should be called “juve-
mile osteochondral hypothyroidism.” Cavanaugh, Shelton, and Sutherland stud-
jed five cases of cona plana and found evidence of thyroid deficiency in all of
them, colloid goiter in the mothers, maternal aunts, and other members of the
fanuly, retarded development of the bones of the hands, other stigmata of hypo-
thyroidism, and rapid improvement on thyroid therapy. In discussing their paper,
J. Albert Key remarhed that he had been using thyroid therapy for many years
but that he did not notice any difference in the course of the disease. Gill's studies
on 20 cases indicate that there is no real evidence of thyioid etiology and that all
ty pes of the disease are not due to the same basic disorder or the same pathologic
process, Howeyer, one is occasionally confronted with an atypical case, especially
in girls with bilateral hip involvement, in which there 15 an apparent chnical hy-
poparathyroidism which cannot be substantiated by laboratory tests. Perhaps
such cases are not true cosa plana, '

A Combination of Any of the Abote Factors, Although the basic cause of the
disease may be an interruption of the blood supply of the capital epiphysis, any
one or several of the other causes may act as contnibuting or predisposing factors.
It is probable, too, that identical factors are not applicable in all cases, even
though the typical massive subchondral necrosis of the head results.

The Hereditary Factor. It is generally agreed that there is no defimte familial
or hereditary factor in the disease, in spite of the reports of isolated cases which
would tend to give credence to 1t. Coxa plana has been frequently reported to
have occurred in the same family, and 1t has been traced through several gener-
ations (Brll). Hagan also found the astonishing mcident of bilateral mvolvement
in brothers, which would tend to support the theory that the condition 1s essen-
tially a dysplasia or growth disturbance Others view the occasional familial ten-
dency as a mere coincidence,

Staces OF TiE DISEASE

The most characteristic feature of the disease is that 1t should oceur in well de-
fined and well recognized stages, and that these stages should progress through
a period of about three to five years, the entire period of middle childhood. That
the progression of the disease in time corresponds to that phase of the growth and
development of the hip of middle childhood appears significant, because we are
aware of no other disease condition that follows such a special pattern. Since ;he
disease does occur in specific phases, we may well ask ourselves whether or not
progression of the disease is mevitable once the initial pathologic process 1
begun We may well wonder, too, if there might not be variations inpthe di: e
(as in all other disease conditions) characterized by less massive de ation
of the head so typical of this disease It 1s generally agreed t} S o
begms as a synowitis of the hup jomt. If that is true t}llw % b ot o le?a
the metaphysis and the necioss of the head could l;e re; a:d 5;‘1“5'“ Changé{s -
of the synovitis, rather than an mevitable conse uence 0% th ed'ZIS compheations
complacent attitude toward the inevitability o(f1 the e of o, Thocess: A
therefore seems untenable, and invites the direction s condition

recogmtion and a better understanding of the incipient stage of the disease.
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the profunda femoral artery and without entering the hip joint, so that the addi.
tional incisional and other trauma to the hip structures would not have to be taken
mto consideration We were also unable to find any evidence that coxa plana oc-
curs in animals.

If our concept of the blood supply of the head and metaphysis of the neck of
the femur 1s correct—that these areas are supplied by the medial and lateral cir-
cumflex femoral arteries, and that these arteries are end arteries during the
growth period—it 15 easier to und 1 wh 1 lusion would result in
the characteristic massive subchondial necrosfs of the head as well as the changes
m the metaphysis of the neck of the femur. It 1s interesting that in his experiments
Stewart found absorptive changes m the neck of the femur when the periosteum
of the neck was circumeised, and suggested that there are cnd arteries in the
neck of the femur on 1ts inferior aspect which had been injured at the time of
operation,

Infection The adherents of the infection theory point to the fact that in many
cases there is a febnile reaction which 1s sometimes rather marked, a mld or
moderate leukoeytosis, and an increase in the blood sedimentation rate. Phemis-
ter evaluated the infection theory from pathologic specimens and concluded that
“hustologically the majority of these lesions appears to have something more back
of them than a simple embolus or mjury cutting off the circulation and pro-
ducing aseptic necrosis.” Lippmann also found defimte evidence of inflamma-
tion 1 a pathologic specimen, It is also possible that the mflammation of the soft
parts, especaally the synovitis, which is present 1n the eatly stage of the disease,
may be due to some nfectious process, the exact nature of which 15 unknown,

Trawma. As all hips are constantly being subjected to some form of trauma, 1t

is dufficult to evaluate 1ts sigmficance mn the history or its effects. Trauma may be
etther in the form of a single acute njury or a succession of small or insignificant
injunies, such as one experiences during normal activity. Necrosis of the head may
be caused by the direct effect of this trauma, or indirectly by interfering with the
blood supply of the head and neck. Trauma may also produce a synovitis which in
turn causes vessel occlusion by direct pressure of the increased synovial find or
as a result of inflammatory edema and thrombosis The advocates of the theory
that trauma is the pnmary cause of the disease also point to the fact that aseptic
necrosis of the head of the femur occurs in fractures of the neck of the femur in
chuldren, as a result of the shpping of the upper femoral epiphysis, and during the
treatment of congemital dislocation of the hip. In these cases, however, the char-
acter of the aseptic necrosis 1s not the same as that observed in coxa plana {Gill,
Braisford) Although it is probable that trauma is not the prunary cause of the
disease, 1t may well play an important secondary role.

Primary Grouth Disturbance or Dysplasia of the Capital Femoral Epiphyss.

A primary growth disturbance or dysplasia of the capital eprphysis and meta-
physis of the neck of the femur could result in necrosis of the head, or act as a
contributing factor. The changes i form and dimensions of the hip which occur
duning this devel I stage are probably such as to make anomalies of the
blood supply and metabolic disturbances apt to predispose the Iips to vascular
occlusion or mjury resulting in necrosis of the head. The disease, however, is
usually unilateral, and recent studies would indicate that there 1s no relationship
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tion progresses, hittle or no evidence of a vascular system remaivs. The epiphysis
disintegrates into many aeas of dense nectotic hone surrounded by granulation
tissue. Regardless of the extent of the degenerative changes in the epiphysis of the
head, the surface cartilage is not incolved and remains smooth and intact. The
s0ft tissues are thickened, edematous, and inelastie. In Lippmann’s ease, the round
ligament was enlarged and protiuded stifily from the fovea centralis, 12 mm. in
diameter, red, makedly injected, and edematous.

The Third or Regencrative Stage. The dense necrotic areas are gradually
absorbed by the granulation tissue and new bone is laid down by the process of
“creeping substitution” of Phemister. This vascular granulation tissue contains
polymorphonuclear leukocytes, small lymphocytes, plasma cells, and giant cells.
The inflammation of the soft parts gradually subsides and the tissues return to
normal. This is the pathologic picture of the so-called uncomplicated case.

The Fourth or Residual Stage This may not occur because the structures and
function of the lup jomnt may return to normal or nearly normal unless complicated
by such factors as lack of treatment or ill-advised treatment. Although it is some-
times admtted that the lup may return to normal even without treatment, and
that its course cannot be modified by treatment (44th report of Progress of Ortho-
paedic Surgery, m Arcluves of Surgery, 22:857, 1931), the great majority of
orthopedic surgeons today are in accord with the opmions of Danforth and Gill,
that “the residual deformity is the result of weight-bearing on the softened head,”
and with Phemister’s stat, t. “The cf eristic feature of the carefully
treated case is the absence of change in the articular cartilage and a return to
normal function” The actual pathology of the residual stage depends on the
extent of flattening and deformity of the head and adaptive changes m the socket,
the deformity of the neck, the degree of scarring and thickenng of the soft parts,
and the integnity of the remamng blood supply

SyapTOMS AND DIAGNOSIS

The Early or Incipient Stage The symptoms and findings will depend upon the
sevenity of the mflammation of the soft parts. Usually the first symptom is only a
mild hmp which may be present only on fatigue. If pain is present, the child may
complain of it first in the knee and medial aspect of the thigh (distribution of the
obturator nerve) or the pain may be referred to the groin. The pain is usually muld
in character and sometimes entirely absent, It usually begins gradually and
becomes aggravated by some trivial injury. Physical examination will disclose
varying degrees of muscle spasm and limitation of motion of the hip. Since the
pyriformis muscle and other rotators (gemelli and obturators) are.mlimat 1
connected with the posterior capsule of the hip jomt, any inflammation of te}y
capsule will cause an wmitation and spasm of this muscle graup, resulting i s
hmitation of motion of the jot, especially m internal rotation :l'here o lm .
charactenstic limitation of abduction, Palpation of the anterior ;e i fls Ia g
may reveal a palpable swelling of the joint (Gill's sign). Palpation gfotr; D
region of the hip, between the gluteus medius and maximus :I:d acent t s
tmchameré 1s almost always painful, and is probably due tl) thl; s;;:‘e grfealt]er
rotator cuff muse a involv : m ol the

cles and/or involvement of the hup jomnt. The onset and course in
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There are certamn mherent difficulties which present themsehes, the prneipal
ones bewg: (1) the depth of the jomnt which makes early clinical detection of
swelling and pathology difficult or impossible; {2) the absence of casly roentgeno-
graphic findings, (3) the lack of pathologic material, both post mortem and
ante mortem duning this stage, (4) the hesitation or reluctanee to aspirate the
jomt or to expose the jowt for biopsy and study in suspicious cases, Since these
procedures are readily and often routinely performed for dugnostic purposes in
cases of synovitzs of the knce i childheod, it would seem proper in certam patients
to do the same in the case of the hip, especually in view of the fact that the disease
1 expecked tu eslend over a period of three to five years or langer, that the

! i 15 expeeted to bave a profound effect on the
patient as wel} as the famuly, and that in spite of treatment the child is hable to
have a permanently disabled hip,

The stages of the disease are usually histed as follows: (1) incipient stage or
stage of synovitss, (2) the stage of degeneration, beginmng in the metaphysis of
the neck and then mvolung thc head; (3} the stage of regeneration; (4) the res-
dual stage The first stage 15 said fo last for several weeks, the second for one to
one and a half yeass o1 Jonger, the fhurd from two to thiee years or longes, with an
abrupt transition between the stages of d ation and reg tion {Gill). In
a roentgenologie study of 121 cases, Brarlsford was able to differentiate 12 differ
ent stages w the disease, but this tughly specialized differentiation appears to be
of only academic wterest,

Patssorocy

There have been many contribations te our knowledge of the pathology of the
discase, the most recent being a study based on 50 operatwve cases by Howorth,
from which much of the folowing has been taken

The Fust or Incipient Stage. The pathofogy 1s confined to the soft parts. There
is @ synovitis, but the inflammation also extends to the capsule and periostevm.
These tissues are swollen, edematous, and hypetemxc, and the joint probably con-
tams an merease in the amount as well as a change in the character of the synovial
fimd Later there may be redundancy and villous formation of the synovial mem-
brane The iaflamamation of the soft paxts also mcludes the tissues in the regron
of the haversian gland, the so-called jomnt fat pad, the retmaculum of Weitbrecht,
and the ligamentum teres No bany changes are observed in this stage.

The Sccond or Degencratuve Stage The ﬁrst ¢hanges oceur in the neck of the
femur on the met " 1 side of the epiphyseal line. These changes are char-
acterized by a softening due to decaleification and i 1 larity (Ho-
worth}, or ibey may result from mflammatory changes ocenrrmg m the synovial
membrane and capsule around the neck enclosing the retmaculum of Wetbrecht
which contatus vessels supplysng both the wetaphysis as well as the epiphysis of
the head of the femus The process of aseptic necosis can therefoie be considered
to imulve the metaphysis as well as the capital epiphysis (Gﬂl) Samc time after
the 1 olvement of the metaphysis, there is evid of 1 1 of
the capital epiphysis. Dense arcas appear w the head, the bone lacunae are
empty, and the marrow 1s converted snto a homog, mass. As the d
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Procyosts

1t is difficult to prognosticate the ultimate outcome of this disease because it is
essentially self-limited with a tendency to spontancous recovery. Healing, there-
fore, may tahe place even without treatment and with only minimal deformity and
disability. On the other hand, with the best of treatment, the results are occa-
sionally poor. Gill, however, struck a more optimistic note when e recently said:
“When we are able to carry out Danforth’s method of prolonged rest in bed
without interruption, the end results are practically perfect hips.”

TREATMENT

The Early or Incipient Stage. Therapeutic measures should be directed at (1)
absolute bed rest, (2) treatment of the synovitis; (3) relief of muscle spasm, and
(4) treatment of the adduction and eaternal rotation contracture, Almost every-
one will agree that absolute bed rest, preferably with slight hip flexion, is
necessary during this stage, but there s little agreement on the necessity for
immobilization of the joint itself, In the 44th report of “Progress of Orthopaedic
Surgery,” Archives of Surgery (1931), the editors stated: “We question whether
it is often necessary to employ immobilization even in the acute stage of this
conditron,” and this opinion is still generally accepted.

Little or nothing has been written on the advisability of directing treatment at
the synovitis in the first stage of the disease. Because the eatent and seriousness of
the swelling of the joint can seldom be ascertained clinically, 1t would seem desir-
able to aspirate the jomt either anteriorly or postersorly for diagnostic as well as
therapeutic purposes. It would also seem desirable to determine the part that
vascular spasm plays in the vascular occlusion and progress of the disease. This
can be accomplished by the simple njection of a few cubic centimeters of 0.25 or
0.5 per cent procaine into the joint, preferably by the posterior route. If the
synovihis is sufficiently severe, a few wecks of plaster immobilization may be
indicated, Plaster i bilization should not, 1 ver, be prolonged (Howorth).
The muscle spasm and adduction-external rotation contracture can be controlled
by mild traction, preferably with the hip m shght flexion to relax the capsule and
blood vessels. If warranted, the muscle spasm can also be alleviated by the injec-
tion of a few cubic centimeters of 025.m 0.5 per cent procame directly into the
posterior rotator cuff muscles of the hip. Local heat to the part in the form of
superficial heat or diathermy may also be used.

Tl{e Sccond or Degencrative Stage (Fig. 19). Absolute avoidance
bealrmgl isﬂimz)orlar}x:. Gill uses mild traction throughout this stage, n
1ts local effect on the jomt structures and muscle; N
bed rest Danforth re(’:ommends either bed or w;x:e‘;tcz;ll:?r.mNz:f:,: 'i:i’j{)lﬂu?us
ambulation 15 permutted by the Fort or Snyder hip shng and crutchesg(F ea;l(;‘g
or by elevating the shoe on the sound side and crutches (Levy; Girard Tll% e
1cally these methods appear sound, but practically it 15 al 1 e eoret:

N : P! cally 1t 15 almost impossible to kee
the child from bearing weight on the affected extremity. Whereas Gill* P
continuous bed rest with mld traction durin, ¥ cas Gill's method of

the enti i .
stage seems drastic, 3t is probably the only wgay in whi’c‘;a:élve or degenerative

. . lute avoid

weight-bearing can be accomplished. In bilate s ewdance of

< ! - ral cases,

e s el efctive method, The gt of « g ot
non-

of weight-
ot only for
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the first stage may be accompanied by a febule reaction which occasionally 1
mthe_r marked, Ordinanly, however, there is only a subfebnle reaction. Roent-

1

. > . . .

lusation of the head from the socket as a result of the inflammation and swelling
of the synovial membrane, haversian gland, and ligamentum teies, Except for an
occasional mild leukocytosis and a mild or moderate mcrease in the blood sedi-
mentation rate, laboratory findings are usually negative.

The Sccond or Degenerative Stage. There is usually a progression of the signs
and symptoms of the incipient stage, especially the pain, limp, tenderness, muscle
spasm, and limitation of motion Gill’s sign is usually present, as well as the tender-
ness in the posterior hip region The febrile reaction may persist, and the blood
sedimentation rate remains elevated The first positive bony roentgenographic
findmgs occur 1n the metaphysis of the neck adjacent to the epiphyseal line, These
bony changes are characterized by an irregular decaleification of the metaphysis
and a widening of the epiphyseal plate There 1s also roentgenographic evidence
of involvement of the capital epiphysis, characterized by the presence of a dense
area n the head, usually i 1ts central portion. This dense arca gradually becomes
wregularly decaleified but it may enlarge at the same time (Howorth). The head
becomes fragmented and numerous dense areas are seen in varying stages of
decalaification. During this stage the head may become wider, flatter, and thinner,
and the neck may become thicker and shorter. As the joint swelling subsides, the
head of the femur returns to 1ts normal position in the socket and the lateral sub-
luxation disappears (Gill)

Third or Regenerative Stage. The symptoms and signs will vary accoiding to
the seventy of the disease and the extent of the pathologic changes. Ordinanly the
signs and symptoms become less marked or entirely absent and the hip may appear
practically normal The roentgenographic findings 1eveal a gradual recaleification
of the decaleified areas in the capital epiphysts and metaphysis, and eventually
normal trabeculations appear in the head If healing has not been complete, the
head will retain its “mushroom” or “cap™ deformity and mamfest an incongruity
with the shape of the socket.

The Residual Stage The symptoms and findings will depend on the complete-
ness of the healing process The residual deformity 1s permanent, and traumatic
arthritis may develop n later years because of the altered hip mechanics, There
may be a permanent hmp and hmitation of motion of the hip with pain on fatigue
or overuse, and some mstability of the lup owing to the incongruity of the joint

DrFrerenTIAL Drscyosis

Any chuld between the ages of three and 11 who complams of pain in the groin,
anterior or medial aspect of the thigh, or medial aspect of the knee, who has a
limp and some limitation of motion of the hip, especially in abduction and internal
rotation, should be suspected of having coxa plana and kept off his feet until a
definite diagnoss is made. The discase must be differentrated from synovitis of
the hip, tuberculosis, slipping of the upper femoral epiphysis, rheumatic fever,

ot id arthntis, supy ive arthntis, ostcomyelitis, and

1
pipaysiis.
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weight-bearing has been repeatedly emphasized by the studies of Brailsford. He
states that “for upwards of four ycars until the last dense island has been replaced
by normaily ossified bone, the bone of the affected joint is plastic and could be
deformed by pressure.”

Fic 20.—The Fort or Snyder hup shng used to prevent weight-beanng on the affected extremuty

There are two operations which have been suggested to shorten the course of
the degenerative stage and enhance healing of the disease process; the multiple
dnlling operation, and the Steele procedure. In the dnlling opern;iou (Bozsgm
Ferguson and Howorth) several holes are drilled through the epiphyseal pl t’
into the head directly through the trochanter or through a window iE t)llle pkﬂ ?
the femur. The dnlling 15 done for the purpose of penetrating the diseas:;c »
of the head and thus producing more rapid revasculanzation and recalcifi ta o
Compere, Garnison, and Fahey, in experiments on dogs, found that thi: ation
of multiple drilling uniformly resulted in growth arrest ’\vxth a short f en OPTWHOD
wregular head, coxa vara, and shortening of the shaft, and conel de'cxllom n‘?Ck’
operation of drilling of the neck of the femur in young L:luldren fo l:he e
hastening revascularization of the head m cases of Lege-C: hé Crthe N e of
a very questionable procedure.” 8 G Perthes disease is

The Steele procedure attempts to accomplish the same purpose by removi
movmg
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with a poor roentgenologic result, but the latter is likely to develop symptoms at
a later date, when pain and limitation of motion herald the onset of a trawmatic
arthritis. If the symptoms are mild, physiotherapy, procainie injections into the hip
cuff muscles and hip joint, and short periods of immobilization with or without
traction may be sufficient to carry the patient along for many years. At some time,
however, there may be sufficient disability to mahe the decision for & more radical
operative approach inevitable. These operative procedures include arthrodesis,
arthroplasty, osteotomy, and various reconstructive operations, all dcsigncd to
relieve pain, and, or, increase the function of the joiut.

Tue Do's Anp DoN'Ts 18 TuE MANAGEMENT OF Coxa PLANA
. . Ildren between the ages of three and
bed traction {so that they cannot bear

as final, because the pathology m coxa

. . 1ws m the carly stages of the disease.

(3) Don't make a negatne diagnosis until all symptoms and signs have completely subsided
and repeated chedk roentgenograms are entirely megatne,

(4) Don't fail to gt AP and lateral rocntgenograms of both hips besides an AP view of the
pelus with both femurs i maximum mternal rotation, A prominent lesser trochanter
(extemnal rotation position of the femur) may he the fint clue to the diagnosis.

(5) Don't fall to scrutimze the shadow of the soft parts as well as the relative position of
the heads in the acctabula 1 the roentgenogram A bulbous soft tissue swelling and a
shght lateral luaation of the head out of the acctabulum are the first )
findings. = e

{8) Don't fail to cxamine carefully the width of the epiphyseal plate and the details of the
n;‘claph)sxs of the neck adjacent to the epiphyseal Jine Here are the first visible bony
changes

(&4} Don'% neglect to obtam scnal or repeated roc not only for d pur-
poses, but also to ascertam the stage and eatent of the discase, and the heal?ng process;
and remember that both hips may become molved :

(8) Don't forget that a shght himp, shight 1 of motion, especially in abd and
internal rotation, with or without pamn or local ip tenderness, 1s the earhiest chmcal
manifestation of the disease

(9) Don't forget to palpate the hip for a positne Gill sign A palpable enlargement of the
hip 1s present m most hip cond, m children, esp Iy when 1t 1s d with
a synovitis.

(10) Don't attempt to prognosticate the final outcome of the disease. It 15 a matter of close
follow-up for three to five or more years.
(11) Don'’t take complete credit for treatment n good results, Remember that even 1 un-
treated cases 1t 15 possible to get an excellent hip. This pomt 15 wmportant to remember
for statistical reasons.
(12) Don't neglect to begin treatment early and continue 1t until the b
Dot nedl e head has completely
(13) If you deade to treat the case by absolute restnction of wesghi
t.]
that 1t s camed out In most cases, the restctuon of welght-gbeaierf‘gm:g’ By o
intermuttently even un ospit
inter Caste ly er hospital supersision, unless the patient 15 placed m traction
(14) Don't put too much fath in the hip shng Too oft
operation either of the patient or the parengxs. er s mpossible to- gt the co-
15 X
(15) Don't ‘xest;rl a:':l s::‘rgz? unless :he md(ca‘hon : present and your conv
€ are as yet no accurat d
statistics that erther dnlling, bone grafting, or other s © and comvinang
» 9 0]
(16) The prunary at prosent os % i nll::;;aut:on s an acceptable method
In order to'achiere this it will be necessary to obtam the wie e, C/8H-beanng
the parents and patient because of the long period of trear e cuted co-operation of
(17) Dont negleet. physiotherapy reatme d

nt requires
and muscle
course of troatrners e conditioning exercises throughout the entire

1ction as to its
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the necrotic bone from the epphysis and then inserting small cancellous bone
grafts into the space thus created Neither of these operatsons has been widely
accepted, and it will be some time before they can be properly evaluated.

Active physwtherapy and muscle training are important throughout this entire
stage to ensure maxymal functional restoration When non-weight-bearing ambula-
tion is preseribed, 1t 15 necessary also to employ measures to prevent adduction
and other contractures. A night spreader splint can be used to advantage dunng
this period.

The Third or Regencrative Stage. (Fig. 21). Weight-bearing should be avoided
until it can be reasonably ascertained that the head will not become deformed as

Fic. 21 ~Coxa Plama (A) Eatly regeneratne stage one year after onset mn five year old child,
(B) Four years later, showing complete healing with a smooth well rounded head and widened
neck.

a consequence thereof. Ordinanily speaking, therefore, some protection is needed
for a considerable time dunng this peniod of regeneration and healing, It s during
this time that the hip shng with crutehes or the elevation of the opposite shoe and
crutches can be used with a certain feeling of safety even though it may be rec-
oguized that the child will occasionally “cheat” and bear weight on the affected
extremuty. Physiotherapy, and muscle and joint rehabilitation are also important
because healing is enbanced by activity of the part. The final deciston as to when
weight-bearing should be permitted must depend on the chnical as well as the
roentgenographic findmgs, the latter usually being the more important. Gradually
increasing weight-beanng should be accompanied by frequent clinical as well as
roentgenologic examinations to determine the progress of the healing process and
the presence of complications

The Residual Stage. The treatment will depend on the degree of deformty and
the extent of joint changes. A good clinical and functional result 15 often consistent
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It scems apparent, therefore, that trauma is not the primary etiologic agent, eacept
in the exceptional case in which the violence of the trauma could be considered
sufficient to disrupt & normal epiphyseal line. [n all others, the slipping is actually
a pathologic process, similar to a pathologic fracture or dislocation.

Infcction. Infection is sometimes regarded as the primary cause of the disease
because of the muld fever and leuhocytosis, the presence of a synovitis, and the
increased sedimentation rate. As a result of the synovitis, there is involvement of
the tissues about the neck of the femur and a consequent derangement of the
metaphysis. However, cultures and tissue scctions of the synovia have never
shown the presence of bacteria. Occasionally there is a rather marked febnle
reaction and the clinical course resembles that of an infectious arthritis,

Vascular Occlusion. The proponents of the vascular occlusion theory point to
the charactenstic metaphyseal changes seen in both slipping of the upper femoral
epiphysis and coa plana. Vascular occlusion may be either primary or secondary
ta the inflammation of the soft tissues. If early physeal changes are
to both conditions, why does the head become imvolved in one and not in the
other? One eaplanation is that the development of the head is more mature in
later childhood than the development of the neck and the circulation of the head
is improved by the development of collaterals from the ligamentum teres,

Endocrine Factor Many of the patients mamfest a definite endocrine disturb-
ance. They sometimes exhibit an atypical or a typical Frohlich’s syndrome. Others
are greatly overweight and have the ravenous appetite of a diabetic. Still others
are tall and thin, but many are perfectly normal from a glandular standpoint.

A combination of any of the above etiologic agents may be the deciding factor
i any given disease

TypEs OF THE DISEASE

There are two main types, the acute or sudden slipping, and the chronic or
gradual slipping. Acute slipping may be a true traumatic entity when the force is
sufficient to disrupt a normal epiphyseal line, or it may occur as a result of minimal
trauma to a pathologic epiphyseal line. The former is rare and perhaps should not
be mcluded 1n a discussion of this disease. In the great majority of cases, the
disease 15 charactenized by a gradual or chronic slipping process.

STAGES OF THE DISEASE
1t is generally acknowledged that there are three principal stages in the disease,
schno ere ¢ 3
namely, the preslipping stage, the slipping stage, and the residual stage. The

duration of the preslipping and slipping stages is dependent on the age at the
onset of the disease, because the active process terminates when

line closes A careful hustory may disclose symptoms of Ppresl.
months to a year or more before actual shppmg oceurred,

the epiphyseal
ipping for many

Parnorocy

The lterature is singularly wanting n descrij
singt iptions of the pathol,
i the early or preslipping stage. In a study of 17 operated hx’Il;: i: (%%yp‘;is;}il;p}izg

stage, Howorth has ghen us an account
of the pathologic chan i
es i
tissues He found the capsule edematous and thuickened, 7he syno%xal rrx:e‘x]r:;r:l“
e
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SLIPPING OF THE UPPER FEMORAL EPIPHYSIS

(Epiphyscal or Adolescent Coxa Vara; Epiphyseal Coxa Anteverta;
Epiphysiolysis; Epiphysiolysthesis)

This affection 15 essentially a disease of the epiphyseal hne of the neck of the
femur which produces a pathologic separation between the head and neck with a
consequent typical deformity Epiphysiolysis implies a “loosening or dissolving”
of the line and is therefore descriptive of the early or preslipping stage. Coxa vara
and coxa anteverta, on the other hand, define the charactenstic deformity caused
by the shpping The condition was first described by Sprengel in 1898,

IncwENCE

It is an interesting fact that whereas coxa plana occurs almost exclusively in
boys during the middle childhood stage of the development of the hip between
the ages of three and 10, this disease condttion occurs in the late chuldhood or
preadolescent stage between the ages of eight and 16, and that the incidence in
guls gradually approaches that in boys The incidence of bilateral involvement
also increases to about 20 per cent.

Tueortes Concersiye THE Eiovocy

Although the cause of shppmg of the upper femoral epiphysis is unknown, the
concept of its bemg a type of dysplasia of the hip appears logical. The plausibility
of the dysplasia or growth disturbance concept is strengthened by the followmg
facts, (1) 1t occurs during the period of accelerated growth of late childhood or
early adolescence. (2) The carlter onset in gitls, eight to 14 years, corresponds
to their eartier maturity and cessation of growth. (3) Its first bony mamfestations
are in the metaphyseal stde of the epiphyseal le, the arca of greatest growth
differentiation of the lup at this period. (4) A large percentage of the patents
(65 per cent) are either tall or overweight, suggesting a too rapid growth
acceleration or a basic metabolic process mdirectly or directly affecting the
growth and developmental process. (5) The disease 15 characteristically wsidious
and sometimes even asymptomatic. (6) It does not occur after the epiphyseal Jine
has closed and growth ceases (7) 1t has many of the same characteristics of cora
plana, e.g,, each occurs at a definite persod n the growth and developmental
process; each has certam special clinical and pathologic features in common,
both are preceded by mvolvement of the soft parts, mainly a synowitis, and both
show unmistakable evidence of vascular disturbance. Whereas coxa plana might
be considered to be dysplasia of the hip involving chiefly the caputal epiphysts,
this disease could be considered as a dysplasia affecting mainly the epiphyscal
plate of the neck The credibibty of this concept 1s further supported by the occur-
rence of atypreal cases of both diseases m the transitional period of growth,

Trauma. As iu the case of coxa plana, 1t is difficult to evaluate the role of trauma
i the causation of the disease A history of trauma of any sigmificant degree 15
only occasionally given. \Vhen we consider the number and intensity of the
traumatic forees to winch the normal hp 1s constantly being subjected during this
period of growth without affecting the epiphyseal Iine, at is difficult to believe that
the mere “stepping off a curb” or some similar minor trauma could be the cause.
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antedated the slipping by several months to more than a year, The initial com-
plaint might only have been an experience of fatigue after strenuous exercise, or
some vague discomfort referable to the lp Later, there may be a slight limp
noticed only on unusual or strenuous activity. The pain m the hip may be referred
to the medial aspect of the thigh or to the knee. Less frequently, the patient will
complain of some limitation of motion or weakness of the hip.

The physical findings are camparable to those in the first stage of coxa plana.
There may be a palpable swellmg or fulluess of the anterior aspect of the hip
{Gill's sign) and local tendemess to deep palpation of the posterior aspect of the
hip. There is usually some linitation of motion of the hip, especially in internal
rotation, abduction, and flexion Clinical evidence of spasm of the hip cuff muscles,
especially the external sotators, may also be present.

Laboratory examination is usually negative escept for a slight increase in the
white cell count and a moderate mercase i the blood sedimentation rate.

Roentgenographic examination reveals a charactersstic irregular loss of density
of the metaphysis adjacent to the epiphyseal line, and a widening of the epiphyseal
line. This arca of rarcfaction may increase to some eatent before actual slipping
occurs. The typical soft tissuc swelling of the hip jomt may also be discernible
roentgenologically. The lateral films in this stage do not reveal any actual slipping.

Dracxosis 1N Tite SLIPPING STACE

The facility of diagnosis vanies according to the degree and rapidity of the
slipping. If slipping is slight and gradual, the symptoms and physical findings are
not unlike those in the preslipping stage Ordinanly, however, there is a shght
increase in the pam, himp, and linutation of motion Muscle spasm also increases,
and the leg is held in a position of external rotation due to the spasm of the ex-
ternal rotators and also to the rotary displacement of the neck at the epiphyseal
plate. The roentgenographic findings are conclusive. In the it w0r view,
there is an increase in the width of the epiphyseal ine comparable to the amount
of slipping. Distortion between the head and neck may be so mild in the cases of
shight slipping that it is discermible only when compared with the opposite side.
In the lateral view, the exact amount of shipping can be accurately measured. As
the slipping progresses, variable degrees of deformity between the head and neck
are seen. The head is displaced downward and backward and the neck 1s dis-
placed upward and forward, producmg the typical varus and anteversion. The
head of the femur may show evidence of aseptic necrosis, especially when slipping
is pronounced, but 1t 1s an uncommon finding. The relative increased density of a
portion of the head seen in the roentgenogram may m fact be due to the super-
imposed neck and not to actual necrosis.

Because the disease is often bilateral, and slipping of the opposite epiphysis
may actually occur during the course of treatment, special consideration should

be given to any complants referable to the o i i
pposite hip and both hi
always be carefully scrutimzed in the roentgenograms ps should

Diacnosts IN TiE RESIDUAL STAGE

The residual or late stage represents the end results of the frst two

N sta
the symptoms and findings are ordmanly dependent on the extent o ges and

f the bony
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and perosteum of the neck mflamed, and the synovial fluid increased, There was
pannus formation at the synovial membrane and neck junction. Microscopcally,
there was evidence of perivascular round cell infiltration in the inflamed tissues.
The soft tissue mvolvement was also prominent after shipping had oceutred, and
sclerotic changes gradually became superumposed. The epipt I plate d
soft for a whnle, then became hard and solidly ossified, As a result of the slipping,
vanious degrees of posterior displacement of the head on the neck oceurred, In
the acute shpping, the head is usually entirely separated from the neck, but in the
chromie or gradual shpping there 15 always a firm layer of Sbrous or cartilagmous
tissue covenng the exposed portion of the neck and joinmng it to the cartifage of
the head so that there is no actual separation of the head from the neck, The
pathologie preture 1o the residual stage vanies ding to the degree of slipping,
the secondary changes occurting 1n the head and neck, the secondary adaptive
changes wmn the socket, and the pathology of the soft paxts. Varying degrees of
aseplic necrosis of the head are observed in about 10 per cent of the cases, and
sometimes the entwe head may appear to be mvolved; but even then the character
of the necrosts is not the same as seen m cosa plana {Gill, Brailsford). The neck
usually shows some 1esidual varus deformsty {epsphyseal or adolescent coxa vara}
and may be markedly anteverted (epiphyseal cona anteverta).

Procnosis

The prognosis is always doubtful because of the difficulty of predicting the
ultzmate changes 1 the head and neck regardless of the treatment inshituted.
Blount expresses the futility of accurate prognostication in this manver: “In some
with hittle or no treatment results are often brilliant, whereas m others even with
the most energetic treatment the results are catastrophic.” An escellent functional
result 15 aften ble with an factory roentgenog and an appar-
ently perfect roentgenclogic result 1s sometimes associated with a stff and painful
hip This is probably due to the didficulty m evaluating the extent of the residual
damage to the soft tissues, especially the synovial membrane and the capsule.
However, as a general rule, the earher the dagnosis 1s made and treatment
mstituted, the better the prognosis, and the later the onset with respect to the
termination of growth and closure of the epiphyseal line, the better the prognos:s
If the onset 15 durng the transitional period of growth between mddle and late
childhood (nme to 11 years), the p grwosis should be especially g ded because
of the greater tendency for the head to become mvohed and the prolonged period
of treatment and/ or observation sequired.

Diacxosis ¥ THE Prestprine Stace

Beeause of the insihonsness of the onset, the dagnoss 1s infrequently made m
the preslipping stage The Hrst symptoms are generally so mild and non-neapac-
stating that the parents cannot be blamed for not calhug m a physician, and the
physical findings may be so equinocal that the general practitioner, who usually
sees the patient first, 1s apt to miss the diagnosis As a result few of these cases are
seen by the orthopedic surgeon untif actual shipping has occurred, and often ot
unti slipping has progressed to some etent.

A careful history will usually disclase that the frst symptoms of the discase
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antedated the slipping by several months to more than a year. The initial com-
plaint might only have been an expenence of fatigue after strenuous exercise, or
some vague discomfort referable to the hip Later, there may be a slight limp
noticed only on unusual or strenuous activity The pain in the hip may be referred
to the medial aspect of the thigh or to the knee Less frequently, the patient will
complain of some limitation of motion or weakness of the lnp,

The physical findings are comparable to those m the first stage of coxa plana.
There may be a palpable swelling or fullness of the anterior aspect of the hip
(Gill's sign) and local tenderness to deep palpation of the posterior aspect of the
hip. There is usually some limitation of motion of the lup, especially m internal
rotation, abduction, and flexion Chaical evidence of spasm of the hip coff muscles,
especially the external rotators, may also be present,

Laboratory cxamination is usually negative except for a shight inerease in the
white cell count and a moderate increase m the blood sedimentation rate.,

Rocntgenographic examination reveals a characteristic wregular loss of density
of the metaphysis adjacent to the epiphyseal line, and a widenng of the epiphyseal
line. This arca of rarcfaction may increase to some extent before actual slipping
occurs, The typical soft tissue swelling of the hip joint may also be discernible
roentgenologically. The lateral filims in thus stage do not reveal any actual slipping.

Duaenosts 1x Tt SLappiNe Stacr

The facility of disgnosis vanes according to the degree and rapidity of the
slipping. If slipping is slight and gradual, the symptoms and physical findmngs are
not unlike those n the preshpping stage Ordinanly, however, there is a slight
mcrease in the pain, limp, and linutation of motion Muscle spasm also increases,
and the leg is held in a position of external rotation due to the spasm of the ex-
ternal rotators and also to the rotary displacement of the neck at the epiphyseal
plate. The graphic findings are conclusive In the anteroposterior view,
there is an increase in the width of the epiphyseal line comparable to the amount
of slipping. Distortion between the head and neck may be so mild in the cases of
slight slipping that it is discernible only when compared with the appostte side.
In the lateral view, the exact amount of shipping can be accurately measured. As
the s]ipping progresses, vanable degrees of deformity between the head and neck
are seen, The head 1s displaced downward and backward and the neck 1s dis-
placed vpward and forward, producing the typical varus and anteversion. The
head of the femur may show evidence of aseptic necrosis, especially when shppg
s pro d, but it is an finding The relative d d

¢ g ncreased density of a
portion of the head seen in the roentgenogram may m fact be due to the super-
imposed neck and not to actual necrosis.

Because the disease 1s often bilateral, and shpping of the opposite epiphysis
may .actually occur during the course of treatment, special consideration should
be given to any complaints referable to the opposite hip and both hips should
alWays be carefully scrutinized m the roentgenograms

Duacnosts 1n TuE RESIDUAL STAGE

The residual or late stage represents the end results of the first two

N N stages and
the symptoms and findings are ordinanly dependent on the extent of s an

f the bony
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deformity and the healing of the soft parts. If only mimmal slipping is present and
the healing of the epiphyseal line and soft tissues uncomplicated, the hip may
return to normal with little or no loss of function. If, on the other hand, the course
is complicated by aseptic necrosis of the head, varus and anteversion of the neck,
or eatenswve scarring of the soft tissues, the result may be a stff hip, shoitening,
hump, and deformity.

DIFFERENTIAL DIAGNOSIS

Any boy belween th“ ages of 10 and lG and any girl between the ages of eight
T able to the hip, especially pam
of the upper femoral epiphysis
This condition must be differen-
tiated from coxa plana, Synuvms of the hip, subacute infectious processes, eatly
tuberculosis, osteomyelitis, epiphysitis, congenital coxa vara, and fractures of the
neck of the femur.
The analogy and differentia] diagnosis between shipping of the upper femoial
epiphysis and coxa plana are illustrated m the following chart:

TREATMENT

The treatment of this disease is one of the most controversial subjects in current
orthopedic practice Reports in the literature are extremely variable and usually
are based on a relatively small number of cases. The very fact that excellent
results can be achieved by seemingly paradoxical approaches would lead one to
believe that there must be a marked vauabilty in the seventy and course of the
disease Some cases probably do not progress beyond the preslipping stage, espe-
cually if the time of onset was at or near the cessation of growth and closure of the
epiphyseal line Once slipping has started, progression cannot be considered as
mevitable, because healing may take place at any time, especially 1f the onset of
the shipping approammated the “time of the normal closure of the epiphyseal line.
Many of these cases undoubtedly heal spc ly without ever having been
1ecognized and with Iittle or no defunmty In the treatment of this condition,
therefore, we should be guided by certain factors which are applicable to the
mdividual case Furst of all, the disease 15 limited to the late period of growth of
the upper end of the femur and cannot occur after the epiphyseal Ime has closed.
Therefore, if the disease manifested itself at about the age of 14 or 15 years, the
course would be relatively short and cor: d th 1e m-
dicated If, however, the disease occurred at the age of 10 or 11, the plan of
treatment would have to take into consideration the fact that the disease process
cannot be said with certainty to be terminated until the epiphyseal hne has closed
That would mean about four years of treatment and/or observation

Treatment  the Preslipmng Stage. The fund tal principle of treatment 15
the recognation of the disease before slippig has occurred, and the prevention of
actual shpping The latter can be accomplished by conservatne measures or by

operation.
Conscrvative Mcasures Designed to Prevent Aclual Slipping of the Epiphysis.
The following methods have been r d 1)r bency with or with-

out traction, (2) crutches and elevated shoe on the unaffected side; (3) long leg
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i‘sc:ial bearing brace; (4) the mternal rotation brace designed by Milch; (5) the
Whitman plaster spica with or without an incory orated walki ; (6) i
e ler e P walking iron; (6) the hip
Complete bed rest with traction and the thigh in a posi
] osition of shght flexi
moderate abduction and internal rotation 1s an eﬂ'ecu[\)'e pre]iminar%r st;l e\il:lt]r::?—
menft. It has the. advantage of reheving the muscle spasm as well as Ila)exmlttin
romt meton while the leg is held in a position n which slipping is not likely tg
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deformity and the healing of the soft parts. If only mimmal shpping 1s present and
the healing of the epiphyseal Iine and soft tissues uncomplicated, the hip may
return to normal wath little or no loss of function. If, on the other hand, the course
1s complicated by aseptic necrosis of the head, varus and anteversion of the neck,
or extensive scarring of the soft tissues, the result may be a stiff hip, shortening,
hmp, and deformty.

DrFFeRENTIAL DIAGNOSIS

Any boy between ths ages of 10 and 16, and any girl between the ages of eight
and 14, who complamns of vague symptoms referable to the hip, especally pam
and limp, should be suspected of having slipping of the upper femoral epiphysis
and be put to bed until a diagnos:s is established This condition must be differen-
tiated from coxa plana, synowitis of the hip, subacute infectious processes, early
tuberculosis, osteomyelitis, epiphysitis, congenital coxa vara, and fractures of the
neck of the femur

The analogy and differential diagnosis between slipping of the upper femoral
epiphysis and coxa plana are illustrated in the following chart.

TREATMENT

The treatment of this disease is one of the most controversial subjects in current
orthopedie practice. Reports in the literature are extremely vanable and usually
are based on a relatively small number of cases. The very fact that excellent
results can be achieved by seemingly paradoxical approaches would lead one to
believe that there must be a marked variability m the seventy and course of the
disease. Some cases probably do not progress beyond the preslipping stage, espe-
caally of the time of onset was .t or near the cessation of growth and closure of the
epiphyseal hne. Once slipping has started, progression cannot be considered as
inevitable, because healing may take place at any time, especially if the onset of
the shpping approaimated the time of the normal closure of the epiphyseal line.
Many of these cases undoubtedly heal sg ly without ever having been
recognized and with little or no deformity. In the treatment of this condition,
therefore, we should be guided by certam factoss which are applicable to the
mdividual case. Furst of all, the disease is limited to the late period of growth of
the upper end of the femur and cannot occur after the epiphyseal line has closed.
Therefore, if the discase mamfested itself at about the age of 14 or 15 years, the
course would be relatively short and corresponding therapeutic measures in-
dicated. If. howeser, the disease occurred at the age of 10 or 11, the plan of
treatment would have to take into consideration the fact that the disease process
cannot be sard with certainty to be ter 1 unti] the epiphyseal line has closed.
That would mean about four years of treatment and/or observation.

Tri m the Preslipping Stage. The fund: 1 principle of treatment is
the recognition of the disease before shipping has occurred, and the prevention of
actual shpping, The latter can be accomplished by conseratie measures or by
operation

Consercatice Mcasures Designed to Prevent Actual Shipping of the Epiphysis
The following methods have been ded I with or with-
out traction; (2) crutches and elevated shoe on the unaffected side; (3) long leg
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occur. Bed rest with traction is recommended for at least the duration of the
muscle spasm, but 1t may be contimued indefinitely as in the treatment of coxa
plana,

Crutches and elevation of the shoe on the unaffected side is a risky procedure
because it 1s no guarantee against weight-bearing, and the pendulum weight of
the leg tends to provoke the external rotation and torsion deforrty between the
head and the neck.

The internal rotation brace tieatment recommended by Mileh 15 an improve-
ment over the ordinary ischial bearing long leg brace, because it tends to prevent
external rotation of the leg and at the same tune permits weight-bearing. Pro-
tective brace treatment, however, has not gained wide recogmtion as a safe method
for preventing slipping of the epiphysis, but it may be used as an adjunet to other
forms of treatment.

The Whitman plaster cast is probably the safest and best treatment in the
preshipping stage for the general practitioner, 1f the details of the application of
the plaster spica are meticulously adhered to, the Whitman cast will insure im-
mobilization of the hip as m the case of fractures of the neck of the femur. The
thigh should be in a comfortable position of maximal abduction and internal
rotation, the knee slightly flexed, and the hip extended. The cast is usually applied
after a prelimary period of traction to relieve muscle spasm or a slight hip flexion
contracture from nvolvement of the capsule. It has the disadvantages that
accompany prolonged immobihzation without function, even though walking s
permtted in the cast.

Surgical Measures Designed to Prevent Further Slipping. The surgical ap-
proach to the problem of shpping of the upper femoral epiphysis has in the past
10 years become so popular m certain sections of the country that it 1s being
strongly ded as the t of choice even in the preslipping stage.
Surgery has two important advantages to offer, namely, internal fiation and
fusion of the epiphyseal line (epiphysiodesis). Internal fisation may be used alone
without opening the jomt, or combined with operative procedures directed at the
epiphyseal plate for the purpose of obtaining early fusion between the head and
neck. Many types of mternal fixation have been successfully used, the most
common beirg. (1) the Smith-Petersen nail, (2) the multiple Moore nails or
Knowles pins, (8) the Lippmann screw, (4) single or multiple Steinman pws,

(5) multiple screws Although internal fiaation 15 designed mainly to prevent
actual shpping or further slipping, 1t somehmes also hastens ossification of the
plate and healing of the process. Surgical approach to the epiphyseal plate by
opening into the hip joint 15 seldom used m the preslippmg stage. Howorth,
h ) ds the p e, and places several thin cancellous bone
grafts across the epiphyseal line for the purpose of producing an early fusion
{epiphysiodesis) between the head and neck. Internal fixation has also the distinct
advantage of functional activity of the extrermty during the entire healmg process.

Treatinent n the Shpping Stage. Slipping of the epiphysis is usually regarded
as an emergency requiring immediate treatment. The nature of the treatment will
depend on the type and estent of the slipping process.

Acute Slipping: The head is usually completely separated from the neck (Fig.
22). If the violence of the trauma was suficient to displace a normal epiphysis,




“prau pauapoys agy ajoN o] [rasydida ap jo adue
-avaddresip pur Surrag mapdwea v Supsoys suonnpas 1yye spjuowt duy (D) rards 1sed v we uonZIpqouUL pur wotdra
PPy ,M__ pasojjoy vonepdiur audd LG UONIMPIT YU SIUOW Jjri G PUP MO () ‘TICA TIed PIYITIL YIias oou
) wos) pray oy jo vonesedas aaduwo) () Aoq plo 1weaf gr v up siskydida [rioway 1addn oy jo Surddiys onoy—yg o1y

e} fl v




380 MONOGRAPHS ON SURGERY

1t may be a true traumatic slipping. Ordinanly, howeyer, the separation is due to
a pathologic shpping of the epiphysis. In either case, it is necessary to reduce the
displacement. This can be accomplished either conservatvely or by operation.
As in the case of fractures of the neck of the femur, the displaced head may be
replaced by manual reduction, as recommended by Ghormley, or by contnuous
traction, as recommended by Burns and Elbs, and Irwin (Fig. 24). After reduction,
the hip is either immobilized in a Whitman plaster spica, or reduction may be
maintained by continuous traction until the epiphyseal line has healed. Reduc-
tion may also be maintained by means of internal fixation with a Smuth-Petersen

Rught A Left

not discovered unbil 3 few wecks later,

nail or other methods already outhned. If closed reduction fails, 1t will be neces-
sary to resort to open reduction, with or without internal fixation and/or fusion
of the epiphyseal lme In any case, some type of immobihization must be con-
tinued until healing has occurred, applying the same principle which governs
the treatment of fractures of the neck of the femur. Complete healing of the
shipped epiphysis cannot be present before the epiphyscal line has actually closed.
It 15, therefore, necessary to continue treatment until growth ceases to obtain
the best results. Absolute immobihization need not be continued throughout this
period, however, as the hip may be protected by braces and splnts while at



D

Fic 23B,C,D —Anteroposterior and lateral views of the nght hup, showing a gradual ncrease
i the shpping Anteroposterior view of the nght hip following open reduction and 1nternal
fixation by means of a Smuth-Petersen nail.

(Gourtesy of Dr. I. M. Fhan, Jr.)
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it may be a true traumatic shipping. Ordinanly, however, the separation is due to
a pathologic slipping of the epiphysis. In either case, it is necessary to reduce the
displacement. This can be accomplished either consenatively or by operation.
As in the case of fractures of the neck of the femur, the displaced head may be
replaced by manual reduction, as recommended by Ghormley, or by continuous
traction, as recommended by Bums and Ellis, and Irwin { Fig, 21). After reduction,
the hip is either immobilized in a Whitman plaster spica, or reduction may be
maintained by continuous traction until the epiphyseal line has healed. Reduc-
tion may also be maintained by means of internal fixation with a Snuth-Petersen

Rught

R I o S £t
not discovered until a few weeks later.

nail or other methods already outlined. If closed reduction fails, it will be neces-
sary to resort to open reduction, with or without intemal fiation audyor fusion
of the epiphyseal ne In apy case, some type of immobilization must be con-
tinued until healing has occurred, applying the same principle which governs
the treatment of fractures of the neck of the femur. Complete healing of the
slipped epiphysis cannot be present before the epiphyseal line has actually closed.
1t 15, therefore, necessary to continue treatment ustil growth ceases to obtan
the best results. Absolute immohilization need not be continued throughout this
period, however, as the hip may be protected Ly braces and sphnts whife at
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is therefore probably no louger possible. In view of the above, positive rules for
treatment cannot be laid down,

Genetally speaking, these are theee main forms of conscreative Ireatments (1)
sentle manua) reduction by forced abduction and internal rotation and jmmao-
bilization in a Whitman plaster spica or 1ctention by means of continuous traction
as in the preslipping stages (2) reduction by strong sheletal traction with grad-
wally mereasing mtemal 1otation and abduction and fmmobilization as above
(Fig, 24); (3) a modification of the traction and plaster immobilization, the so-
called “traction-spica-traction” method of Green. Heduction is gradually obtamed
by preliminary skin traction in two divections for a period of about three weeks.
There are twa traction forces applied, ane longitudinal of about 10 pounds and
the other an internal rotation traction of about 5 pounds applied by means of a
wide moleshin adhesive about the middle of the thigh. After reduction, a plaster
spica which includes the foot on the involved side and the thigh on the opposite
side is applied. Immobilization is continued for about three months, followed by
a second period of traction during which eaercises of the hip and extremity are
institoted, The following advantages have been advanced for the traction-spica-
traction method: {a} there is no interference with the blood supply of the femoral
head; (b} the muscle spasm is relieved by traction, thus allowing increasing
internal ion and abduction, (c) slipping cannot increase; (d) if the displace-
ment is not tog great, the surface smooths off as the process heals; () mmobiliza-
tion in plaster promotes healing and has not produced stiff hips with this method.
Chandler definitely agrees with this conservative approach, and Blount considers
it probably the best for the general practitioner. Skeletal traction may be used
instead of skin traction. A Steinman pin or Kirschner wire is inserted through
the supracoudylar region of the femur and both longitudinal and internal rotation
traction applied. It has the advantage of being a more positive method of traction
as it is applied directly thiough the bone, and the fact that greater amounts of
traction can be more easily applied.

Regardless of the conservative method employed, it may be necessary to protect
the hip from weight-bearing and a recurrence of the slipping for a considerable
length of time and to employ such physiotherapeutic measures as will restore the
function of the hip joint For this purpose, an ischial-bearing long leg brace, the
’\h)f.‘h mternal Tomtion brace, or a hip shng may be used to advantage, Short
periods of traction are also indicated to prevent contractures, stretch the scarred
soft tissues, and increase the motion of the joint. A night spreader splint may alsp
be advisable with or without mild traction to protect the hip during the {ﬁ h,
Too early.weight-bearing, neg}ect to protect the hip during convalescence §nd‘
fatlure to {nstitute proper physical rehabilitation measures, will com letel ’ 1lifs
an otherwise successful treatment. ! pletely nullify
su?per]a(ive Treatment of Chronie or (?radufal S]ipping; As in the case of the

gical treatment of the preshpped epiphysis, surgery m the slipping st: .
designed to prevent further slipping by internal fxation and to hastelzlpfug' . agfe -
e?ip‘hyseal line, In addition, surgery in this stage is performed to r?gn . t;w

disp by an either through the epiphyseal ne (Wil uce the
et al.), or dista) to the epiphyseal line { Ghormle d F: son, Klein
surgieal pracedure mdicated in any specif Y an P aurchild; Callahan). The

y specific case is ordinanly determined by the
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the same time permitting motion and guarded function when the healing has
been judged to be sufficiently advanced.

Chronic or Gradual Shipping (Fig. 23, A,B,C,D,E,): The head is usually quite
firmly adherent to the neck, and reduction is therefore considerably more difficult
than in cases of acute slipping. The facility of reduction will depend on the plas-
ticity of the slipping site and the degree of slipping, If the head is firmly adherent
to the neck, manual reduction is 1mp0551blc and fraught with danger of damage
to the head and other structures of the hip joint. If sl g is
tive reduction 1s usually unsuccessful and madusablc Howorth states that reduc-
tion should not be attempted unless the slipping has ] more than 0.5

5

Fic 23E ~Drawng of an old shppmg of the upper femoral eprphysis as it
( After Shands)

d at operat

PP

inch, whereas in Ghormley’s opmion mampulative reduction should never be
attempted in cases of chronie slipping That good results have been obtained by
manual reduction would indicate that neither the character or progress of the
slipping nor the firmness of the adhesion of the head to the neck is the same in any
group of cases, It is possible that the p g of the slipping 1s eatremely slow and
relatively benign xn some cases, “hdc in others there is % shght slip and then
healing. The eureme dufficulty of determining the time of onset and therefore
also lhc stage of the process would explain the fact that in some cases the line
remains relah\ely soft for many months while in others it becomes almost as
bhard as ivory withina surprisingly short tune. In the latter event, further shpping
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Klein e al. also osteotomize through the plate but fix the head by means ({E a
Smith-Petersen nail. Blount, on the other hand, found sesults from the Smith-
Petersen nail so bad that he was foreed to usc the simaller Moore nails. Ghormley
and Faircluld of the Maya Clinic perform a cunciform osteotomy c'>l‘ the nL:ck of
the femur below the epiphyscal line, followed by immobadization in a Whitman
spica. Callahan does the ostcotomy just distal to the line also, but'hc rect')mmcnds
internal fisation with two long screws. The distal {ragment is drilled with larger
holes than the proximal in order that the head may be drawn tightly to the neck.
Callahan further stresses the importance of produemg a valgus between the head
and neck in order to gain Jength, and concluded: “I am convineed that the only
treatment for slipped capital femoral epiphysis is early traction followed by
surgery and internal Faation.” Klein, Joplin, and Reidy reposted on the results of
treatment at the Massachusetts General Hospital, and recormmend (1) elosed
Smith-Petersen nailing if the slip is mivimal; (2} open reduction and nailing
(Srmth-Petersen} if the slip is pronounced; (3) carly postoperative mobilization
by Buck’s extensjon for blind naling, and balanced traction for open nailing;
(4) manipulation only in the recent acute cases; (3) for pronounced slip, osteo-
tomy at the epiphyseal plate.

Those who dishke the Smith-Petersen nail point to its relatisely large size and
the possibihty of producing b ic and crculatory damage to the head of the
femur, especially when the epiphyseal line is unusually hard. In the latter case, at
least, it would appear that the use of multiple smaller uails or screws would be
more desirable.

Almost everyone is in agreement that the viabulity of the head of the femur is
a determining factor m treatment, If the case is seen late and the displacement of
the head and neck is pronounced, it is probable that the vessels on the anterior
and lateral aspects of the neck have been tomn or otherwise damaged, and it is
therefore necessary to determine the status of the remaining blood supply to the
head before specific therapeutic measures are instituted. This may be done either
by roentgenologe evaluation or at the time of open operation. Because the blood
supply to the head in cases of marked slipping must come mainly from the
posterior and wnferior aspect of the neck (retinaculum of Weithrecht), therapeutic
measures ta correct the displacement may interrupt this essential circulation and
should be avoided (Green). It is fortunate that, except in the very young, aseptic
necrosis of the femoral head js not a common complication of slipped upper
femoral epiphysis, perhaps because of the development of collateral circulation
in the preadolescent stage of development of the hip,
tion occur, much more radical sur
least partial function of the Jjoint.

p . Should this serions complica-
gical procedures will be required to restore at

TREATMENT IN THE LATE OR RESIDUAL STAGE
The treatment of the Jate or residual stage is durected at the deformity. Various
opgmme procedures have been re ded, such as ost arthrodeses
! s s
an arthroplasties. The most widely used and recommended operation is the

ic or intertr ic osteotomy for the correction of tl
: it he varus and
anteversion deformities, After the osteotomy, the corrected position is usually
al fiaation by means of the Blount

maintained by a plaster spica. However, intern
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extent of the slipping. If only minimal slipping has occurred, the hip joint 1
ordinanly not exposed, and so-called blind internal fixation with a Smith-Petersen
nail (Fig. 23 D}, screws, or smaller Knowles pins or Moore nails is usually the
method of choice If, however, the shpping is more pionounced, internal fixation

Fic 24 -Reduction of a shpped usper femoral epiphysis by skeletal traction and gradually

increasmg internal rotation and abduction A Stemnman pin has been nserted 1 the supsa-
condylar region of the femur and an internal rotation force 1s applied to the outer end of the
traction bow.

1s combined with open reduction with or without bone grafting across the
epiphyseal line Variations i the surgical technic are often demanded by the
pathology encountered when the lup joint 1s exposed Much will depend on the
viability of the head of the femur. Klemberg and Bucl d

through the epiphyseal plate and securing the head with an wory peg. Wilson and
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or Jewett blade-plate, Smith-Petersen nail with Thornton plate, and others, are
frequently used and often desirable. If considerable pain and limitation of motion
are present, it may be nccessary to perform an arthrodesis or arthroplasty. In the
Iatter case, the Smuth-Petersen vitallium cup arthroplasty is most commonly used.
J. R Moore has devised a “cartilage cup” type of arthroplasty in which the car-
tilage of the head 1s first carefully removed, the deformity corrected, and the
cartilage cap replaced over the reshaped neck. Many other operations have been
fully used and rec led, depending on the residual pathology, and,
as m the case of coxa plana, they all have the same objectives, namely, the relicf
of symptoms and the correction of the deformity (Colonna; Whitman et al.),

Tug Do's and DoN'Ts 1% 1HE MANAGEMENT of Suippen Urpen Fraonaw Epeinysis

(1) Don't fal to make an carly diagnosis. Remember that any adolescent with mild symp-
toms referable to the hup, with or without history of nuld ‘trauma, should he treated for
eatly epiphysiolysts (shipped cpiphysis) unless proved otherwise

(2} gu put the patient to bed and prohabut weight-bearing while you are making the
hagnosis

{3) Don't let a negatne rocntgenologic repost influcnce you in your diagnosis Get AP and
lateral views of both lups and AP views of the pelsis with the fcmurs n full anternal
rotation, and view these flms vourself in the hight of the physical findings

(4) Don't forget that the earhest clnical sign 15 shght hnutation of INTERNAL rotation,
and abduction, and that the carliest roentgenographic findings are a shght widcning of
the ep late an faction on the diaph [ side of the h ! hine.

(5) Don't fail to get AP and lateral rocntgenograms of hoth hips both before and duning treat-
ment, because both may be invohed, or may evcntually gewme s0.

(6) Don’t permit the nummal roentgenographic and chnical findings to gne a false sense
of secunty ather in your plans for treatment or your prognosis.

{7) Don't forget that the Lar}:u the treatment the better the prognosss, but that in spite
of everything the result may he poor.

{8) Do plan your treatment according to the pathology present, the stage of the shppig,
and the mdividual patient concemed,

(9) Don't usc force under any ercumstances i your manpulations~you may permanently
damage the airculation of the head.

(10) Don't try to reduce shppings of J(ss than 03 inch by manipulation because they are
usually unsuceessful and may do harm

(11) In the avcrage hands, the consernatine method of treatment should always be that of
chaice, even m the shipping stage

(12) In the hands of the skilled orthopedic surgeon the operatn may be the
method of choice cven in the preshpping stage.

(13) Don’t use the ¢ di reports 1 the | as an excuse for bad results, It 18
your responsibihity to follow accredited mcthods carefully and meticulously to the last
detail according to your own indnidual abihty,

(14) Don't forget that poor results are often the lable ¢ 7 of and
not the ungrordable consequences of the disease.

(15) Don't make the grave mustake of allowing too carly wught-bearing, cspecially without
protection,

(16) Don't neglect to protect the up throughout the cntire penod of comalescence and
until the epiphyseal hine has closed

(17) Don't fall to mstitute proper physical rehabilitation measures

(18) Don't discharge the patient lpmm your care until the cpiphyscal Itne has closed and
until everything has becn done to gne the patient a nonmal Jup, or as nearly normal
as possible You may therefore hate to follow the pavent for five years, or longer.
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Bone Tumors and Their Treatment

MURRAY M., COPELAND, M.D. AND
CHARLES F. GESCHICKTER, M.D.

e —

EMBRYOGENESIS OF BONE

praee sunaany of the embryonic processes concerned in the formation of
A hone seems pertinent to a better understanding of the classification of hone
tumors,

Most benign and malignant Jesions of bone develop during adolescence, when
the tissues at or behind the epiphyseal line are extremely sensitive to abnormal
changes. Embryologic processes occurring in this zone include cartilaginous
growth, the resorption and vascularization of cartilage which has undergone
calaification, ossification of endosteal and periosteal fbrous tissue, and the sub-
sequent development of cancellous and compact cortical bone, through revas-
culanzation and reformation of both the periosteal and endosteal bone.

In most of the skeleton where cartilage precedes bone, the embryonal connec-
tive tissue is transformed into smal), fetal cartilage cells, ultimately giving rise to
adult cartilage which caleifies. The osteoblasts of the perichondrium arise from
the periosteal fibroblasts, thus forming the cortex. Centrally the cancellous bone
replacing, cartilage arises from the endosteum. The endosteum, along with an
ingrowth of blood vessels, penetrates the eroded cartilage to lay down the spongy
hone

Where membranous bones arise (skull) a direct osstfication of ntramem-
branous connective tissue occuss at one or more central points. The spindle cells
of the connective tissue develop mto osteoblasts which Jay down spicules of bone,
Both enchondral bone and membranous bone have a common process of ossifica-
tion from this point,

Ossification m its final formative phase utilizes a complex mineral salt of cal-
cium carbonate and phosphate which remains readily available in the bone should
the needs of the bady require it. Such lability of the osseous structure is further
charactenzed during the resorptive phase of bone growth and repair by a vascular
connective tissue in which osteoclasts { giant cells) are prominent.

LIn the development of h:mf)rs,. (1) cartilaginous growth is represented by
osseous s(ru:::l::t;; :fr?related h; “;‘0‘: OEIlcarhlage ond resorpive changes of the
osteogenic sarcomas, (3) ossiﬁca% o e bone cys'ts, and certan of the

) son (membranous type) is related to osteomas,
ossifying fbromas, sclerasing geni ete,; (4) combmations of the’
processes above are reflected in the development of osteochondroma chondro-
blastomas, etc; (5) the marrow, vessels, and overlying fibrous tissue g’i\'e rise to
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tilaginous connective tissue in the skeleton, These neoplasms are most frequent
near the ends of the long bones of patients between the ages of 10 and 25 years,
The other sites of importance are the hones of the thoracie cage and the small
bones of the foot and hand. The distinctive diagnostic features are the pedicle of
normal bone protruding from the bone cortex and the rim of cartilage overly-
ing it. A similar structure may be seen microscopically, The roentgenogram
demonstrates the compact differentiated outgrowth of bone and an overlymg
cartilaginous cap flecked with caleium (Figs. 1A and 1B). Cases of single osteo-

Fic 1A ~Roentgenogram showing an exostosis
of pedicle type at 1} .
to the upper tbia, Note the widened metaphyseal egon et the outgrant gl attachment
of the pedicle i the direction of the pull of the lower log muscisy. = """

chondromas without symptoms frequently go unnoticed They may be left
roentgenographic examination, since

. nge, [f)amcularly after the age of 30

; o smmv—megs e vavsweses seplosents a failure in the a i
- 3 ¢ ccurate a ~
]au(:in of tendon and cortex. Simple excision usually suffices to cure th osteo
chondromas which produce pain or dysfunction ¢ fhe osteor

In hereditary or multrple osteochondromas, the regions most frequently and
any
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a group of tumors of nonosseous origin which invade bone; (6) resorptive phases
of bone activity may also be seen wiien the mineral is depleted because of
endocrine disturbances or other metabolic changes.

Throughout life foci of potential growth persist at points wheie transitions of
tissue are found, and represent a possible sowice of tumor formation in bone.

The classification of bone tumors based on the relation of hone development to
subsequent tumor formation and to the different structural elements of the skele-
ton separates the tumors into specific types, each of which follows a definite
course, A survey of these groups reveals more accurately the effect of treatment,
and thus prognosis is placed on a sound basis.

TABLE 1

Crassuication or Bonw Tusons ©
TUMORY OF OSSEOUS ORIGIN

Cartilaginous
Osteochondroma (solitary
and multiple)
Chondroma
Chondroblastoma, bemgn
and mahgnant
Chondrosaycoma, primary
or secondary

Osseous
Ostcomas and ossifying fi-
bromas of shull and jaws
Osteond osteoma
Osteogenie sarcoma, scleros-
ng and osteolytic
Parosteal ossifying fibromas
and myositis ossihcans

Hesorptne
Bone cyst
Diffuse ostaates fibrosa { para-
thyroidism )
Fibrous dysplasia, polyoste-
otic or manosteotic
Grant cell tumor

TUMORS OF NONOSSEQUS ORIGIN
Marrow and Haversun
Systems

Ewing’s sarcoma
Multiple mycloma
Chloroma and Jeukenua of

Metastatic Deposits By Inclusion or Direct
Incasion
Chordoma
Angioma, angtosarcoma
Fibroma and fibrosarcoma,
fascial or nenve sheath
Myosarcoma

Carcinoma of prostate,
breast, hidneys, ete
Metastatic Iymphemas and
bone sarcomas
Reticulo-endotheliosis
Xanthomas and granulomas
of hone

¢ After Geschickter and Copeland, Tumors of Bone Philadelphia J B Lippincott Co, 1949

A brief survey will be given of each group, the treatment used, and, where
irrachation seemed of benefit, the physical agent used. No comprehensive rule can
be laid down as to whether a tumor process is radiosensitive. Experience has been
our best teacher as to the behavior of tumors under 1adiation by radium, x-rays,
or radioisotopes.

TUMORS OF OSSEQUS ORIGIN

1t may be smd mn general that surgery offers the best method of treatment in
tumors of this group They are not radi ive. Isolated ples may be
pointed out 1n which the growth of the tumor has been affected by irradiation, or
where the roentgen rays and gamma rays have been used successfully as an
adjunct to surgery.

CARTILACINOUS

Ezostosis or Osteochondroma. This is primanly a surgical problem when treat-
ment is necessary This is the largest group of benign tumors arising from precar-
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severely affected are those of the forearm and leg, the bones of which may be
fused at one pomnt (Figs, 2A and 2B). The prognosis as far as life is concerned is
good, but there 1s no adequate form of treatment except operation for correction
of deformities and removal of an osteochondroma causing pain or dysfunction
In a few cases with multiple skeletal involsement, secondary malignant change 15

t

Chondroma Chondroma, a common type of central cartilaginous tumor, is

Fic 1B —Photomicrograph of the osteochondroma after opcration At the upper margw 1s adult

cartilago which makes up the cap of the osteochondroma_Beneath this there 15 protruston o

normal adult bone enclosing a small amount of marrow. Between the bone and the caloified
cartilage 15 & Tow of giant cells dernved from the bone marrow.

often classified with the benign evostoses or osteochondromas, It occurs m the
small bones of the hands and feet, also m the spine, nibs, and sternum. In the small
acral bones the tumor composed of radiolucent cartilage appears as a central
lesion with rarefaction, visible in the 10entgenogram as a cystic mea, within a shell
of cortical bone Histologically a central area of cartilage with ordeily arrange-
ment of cells is usually seen (Figs. 3A and 3B). In some chondromas, myxoma
may be present mn varying amounts The lesions are rarely multiple and ocea-
sionally affect long bones. In deciding whether a particular chondroma is to be
treated from the benign or malignant standpomt, the location, not the pathologic
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changes, is given pnmary consideration. Lesions in the small bones of the hands
and feet may be looked on as benign and curable by therough extirpation (curet-
tage and cauterization). Only rarely has a central chondroma of the phalanges,
metacapals, ar metatarsal bones shown malignant propensity. True chondromas
of large size occurrmg about the sternum or in the long bones must be looked
upon as potentially malignant. “They should be removed if possible, Roentgen or
teleradium therapy has been of benefit in retarding the growth in a few cases.
One patient survived 18 years after diagnosis, with vepeated series of roentgen
tieatments.

Fic, 4A —Roentgenogram of a bemgn chondroblastoma a;
h

tending for some distance mto the N mising at the epiphyseal hne and ex-
. Note th Itilocul
ous growth, the perforated bone sheﬁ,)and (hee ° | reaction of the ch J.
character. & 2 g

Muffuce’s syndrome, or dysch
3 yschondroplasta with hemangiomatosis, i
is -
l;;lren;l);t;?ry. ndles?dermal dysplasia. Skeletal development magy be retar,ded :nn:)):
- iis ::1 :ln‘ ;:::I:ml b?\l’{lcﬁ p;'mcxpally the bones of the extremties, thoracic cagee
5 rae Multiple central chondromas mad, ¢
t ] e up of myxo:
;:x::iag(:‘,‘ associated wath Soft part hemangiomas, are obsen‘gd m th);xafrfn:c::édbaduu
uci i

; ture the soft part angiomatous tumors are cavernous to cellula Juste
umors in type. The deformities ma o oblaste
y appear early but become stationary in the
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Fic 34 and B.—Roentgenogram and pl ph of the central chondroma of the phalanx
successfully treated by curettage and cautenzation with 50 per cent zine chlonde followcd by
alcohal. Note the orderly arrangement of the cartilage, which is of the adult type,
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Same of these tumors show malignant degeneration which frequently cannot be
differentiated from the benign lesions except by bistopathologie study. Many
investigators classify the malignant varicty with the chondrosarcoma group,

This benign or malignant tumor process is not particulacly radiosensitive and
requires large amounts of irradiation to control it, Radium or roentgen therapy
{Coutard method} in the benign lesions following exploration and curettage is
recommended, unless the tumor occurs in a bone which can be resected without
sacnfice of function. The variety of chondrobl has been uni-
formly fatal despite primary amputation.

n +
5

VAwETIES OF USTEGGENIC SARCOMA .

Osteogenic sarcoma includes several subvarieties of walignancy which may
arise either subperiosteally or centrally in the skeleton from the bone-forming

F1c 5A.~Roentgenogram showing an ad d
tiba. Note the translucent dmragc e pen oy o

ary chondrosarcoma m the upper
mottled areas m the tibia beneath.

ter of the penosteal growth flecked with
!
‘There 1s absence of marked medullary ;; lmrtfca-a?ll:? o;:n e?n::tc

s, i
mzﬁ:x ;}x:;ls é)::;lll.'rge 1.\21:&‘, camfizgei osteoxd material, or preosseous connective
3 ignant tamors displace and disrupt th isti
s ot pt the pre-existing bone, They
im by varying d

. ) gram 1 rying degiees of bone dest;

ew bone formation, and periosteal reaction. When bone formati “."-‘hﬂn,
the tumors are referred to as 5ol 1 os i,

g . When

g or osteoblastic
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early twenties. Trivial injuries may cause fractures through the chondromatous
arcas. The patients present marhed bone and soft part deformities, occasionally
requiring amputation of an eatremity for comfort, owing to loss of function.
Twenty-two cases have been reported to date,

Chondroblastoma—Benign end Malignant. Chondroblastoma 1s a rare osteo-
Iytic variant of chondroblastic tissue origin sometimes called cartilaginous grant-
cell tumor. It arises from a proliferation of cartilage at the epiphyseal line, and
usually occurs between the ages of 10 and 20 years. It 1s most frequently found
about the upper end of the tibia, the lower end of the femur, and the upper end
of the humerus. Symptoms of pain, tumor, and dysfunction prior to operation
average five months in duration.
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In the genog) there 1s a ch istic mottled, cysbe area of bone

destruction, with expansion of the bone shell and usually some periosteal reaction
Not infrequently the tumor bears a marked similanty to giant cell tumor (Fig.
4A). Microscopically, one sees masses of young and adult cartilage with areas of
uncalcified hyalin matria. The tumor has areas of marked vascularity. Near the
vascular areas and about the periphery of the cartilage, numerous giant celf
osteoblasts are seen {Fig. 4B).
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The patient usually suffers pain, s\\iulling, and Jameness n x‘hc nﬂ'cr.:l‘c(l‘ (}p]mt;)ts
The symptoms are of fuereasing severty and vary frmr’\ six weehs to sul\l o . 11 h
in duration before a specialist is consulted. T.mum';\ is u.sunlly coincidental l1;\
exacerbating the symptoms and aften is not of etiologic sxgmfimncc. Tlllcr.c may 4;
a mild degiee of fever and leuhocytosis, Tenderness, sw'cllmg. and lunlmho‘n 0]
mnotion are often apparent on physical examination. Shin changes :md' rcglox;n‘
adenopathy are not present in carly cases. The tumor tends o metastasize to the
Tungs by way of the blood stream rather than via the lymphatics.

Fig. 6A.~Roentgenogram of the lower end of the femur, showing chondrosarcoma ansing 10 a
hond

central lesion The cond caused p for several years Note the
becul persed with caleifi the tumor imasion of the cortex with a resultunt
p 1 reaction. The of the old chond; tumor 1n the center of the bone

1s to be noted.

Adequate yoentgenologic examination and surgical biopsy under the tourniquet
are the only definitive diagnostic procedures. Osteogenic sarcomas are not cured
by radiation, Radical surgery is the treatment of choice. The five year survivals
vary from 10 to 25 per cent.

Primary chondromyxosarcoma arises primarily in young patients (aged 14 to 21
years} and at the sites where tendons msert directly into the bone. The favorite
sites are about the knee, in the Jower femur or upper tibia, also at the shoulder
and pelvic girdles. The neoplasm is a form of periosteal osteogenic sarcoma and
1s composed of well developed tumor cartilage, mysomatous tissue, some ossifica-
tion, and areas of cystic destruction. In the roentgenogram it appears as a sub-
periosteal shadow streaked with calaified spicules. It does not involve the cortex
unti late in the disease, when it causes bone destruction ( Figs. 5A and 5B). All
s.urviving patients have had amputation performed. Irradmtion has little or no
influence on the result, but itrelieves pain 1n many instances and reduces soft part
swelling Permanent cures in this group average 15 per cent.
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bone destruction predominates, the tumors are highly vascular and sre referred to
as ostealytic or telangiectatic osteogenic sarcoma. When cartilage rather than
bone formation or destruction predominates, the tumors are called chondrosar-
comas. Primary chondrosarcoma refers to a malignant tumor which affects pre-
existing normal osscous structures. Secondary chondrosarcoma refers to similar
tumors which arse in pre-existing osteochondromas or chond

Fic *
cartil
are s

show capsule formation Note the large vascular spaces

All forms of osteogenic sarcoma are more frequent in the long bones especially
in the ends of the femur, tibia, and fibula about the kace joint. They tend to occur

in the adol or postadolcscent perwod. Sclerosing and

5
primary chondrosarcoma are largely inmted to this age rronn Qsteolvtic and

genogram therefore shows increased density, rarefaction, or motthng, and the
periosteal zone near the tumor infiltration shows lipping and elevation due to the
density of reactive hone formation and the disease beneath 1t.
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Fic 7A gram of a preossifying vanant of sarcoma arising on

the lateral aspect of the tibia. The tumor mass 15 seen ansing subperiosteally, causing a dense

extracortical shadow. In the lateral view a defimte sunray appearance of the soft part shadow
15 seen. The cortex and marrow cavity beneath it are s aded and sclerosed.
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Secondary chondrosarcoma arises on the basis of a pre-existmg chondroma or
osteochondroma. Tt occasionally develops as a complication in Paget’s disease of
bone or hereditary chondrodysplasia. Most of the patients are hetween the ages
of 35 and 55 years. The upper humerus, ribs, and femur ate frequent sites of origin.

In the roentgenogram it is most easily diagnosed where a portion of the primary
lesion still remains and where the supenimposed malignant change appears as a
fuzzy infiltrating periosteal shadow fleched with caleium deposits. Destruction of
the cortical bone follows, occasionally with pathologic fracture,

Fic, 6B.—Photomicrograph rey ealing areas of adult tumor cartilage undergoing calcification with

penpheral proliferation of connectis e tissue which m secondary chondrosarcoma soon takes on a

character. Histologically, a dary chend oma 15 at times difficult to dis-

tingwish from primary chondrosarcoma and from the closely related osteochondromas and
chondromysomas

Microscopically, the tumor 1s composed of cartilage, large amounts of myaoma-
tous tissue, caloified cartilage, and proliferating connective tissue elements (Fags.
6A and 6B). The age of onset is much later than in primary chondrosarcoma,
usually over 25 years. Irraciation may be of benefit as an adjunct to surgery. The
relative benignity of the lesion however plays a more important role in the cure
of this tumor process by resection or amputation with or without uradiation.
Twenty-six per cent of patients survive five years or more.
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i + wike aleified
formation of cancellous hone which normally follows in the wake of calcific

cartilage. - R
Clin%cally, the tumor js usually obsersed about onct)?ar nflut' E]]Ly\;:%gl:gﬁhs
ade age distribution, but 1s most frequent in 3
symptoms. It has a wide ag ; L Lt B oty com.
ndency to imolve the shaft and is freq y
The tumer has an unusual tendency s f ty
slicated by a pathologic fracture. The roentgenograms may be hard to mtt.(.rp:r:t
}md are often confused with benign bone cyst, g\.\nﬁ-cell z}mmr, metastatic 'cq
.cinomn and Ewing's sarcoma. The distinguishing features in the roentgenogram
»

Fic 8B -The gross specamen of the tibia shown 1 Fig. BA rereals the tumor to be located m

the metaphysis of the upper tibia, the majonity of the neaplasm is withun a shell of cortical bone

and ansing from cancellons bone, The cortex 1s perforated at one pomt and the tumor is seen
mfltrated beneath the penostenm.

are the melting away and perforation of the bone shell at an early stage when the
lesion is asymmetrically located, the presence of a periosteal reaction, and the
shight degree of cortical expansion. In advanced cases osseous destruction leaves
hittle doubt of malignant change in the bone. Microscopically, large spindle cells
and large abortive osteoblasts with numerous mutotic fgures and small amounts
of osteord tissue are scen (Fugs. 8A to 8C)

‘The tumor is not sensitive to roentgen rays or radim. Amputation only has been
effective in giving five year survivals (16 per cent).

Osteoma and Ossifying Fibromas These neoplasms are due to direct ossification
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Osseous

Osteoblastic Osteogenic Sarcoma. This tumor occurs as a highly differentiated
form of osteogenic sarcoma. Fibrous elements may predominate microscopically,
but proliferation of malignant osteoblasts and new bone formation are usually
seen with rare 1slands of tumor cartilage. This tumor occurs most frequently be-
tween the ages of 15 and 25 years and is usually situated in either the lower end
of the femur or the upper end of the tibia. Other locations are the upper humerus,
ribs, vertebrae, and pelvis.

1
L
q
Fic BA —Roent " s tibra The
cancellous and 1l Thete 15
CL-o - - -

The roentgenographic picture 1s characterized by dense, radiating new bone in
the periosteal zone, gving a “sunray” apy e. Later the medullary cavity is
obliterated by tumor bone with some secondary destruction of the coitex, His-
tologically, the chief diagnostic featwies are large malignant osteoblasts with a
conglomerate scattering of osteoid substance (Figs 7A and 7B).

Cell differentiation of the tumor process apparently plays an important role
the progunosis Radical extirpation by amputation or resection appears to be the
procedure of choice. The lesion 15 not radosensitive Cures have been achieved in
2l per cent of the cases

Osteolytic Osteogenic Sarcoma, This destructive tumor anses in the region of
the marrow cavity in the shaft of the long bones It seems to be related to the
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Osteoid Ostcoma. Osteoid ostcoma is a small, rarcfying Jesion found in en-
chondral bone which is composed of vascular fibrons tissue and proliferating
fbroblasts in which trabeenlae of newly formed osscous tissue are noted. The
lesion usually does not exceed 1 em, in diameter. The patients are usually young
adults or adolescents, Localized pain iy often the primary complaint and may be
associated with tenderness without fever or leukocytosis. The lesion is chronic
and may persist for a period of months to on¢ or more years. 1n the roentgeno-
eram. a dense, sclerasing. opaaue zone about a small oval or rounded area of

. . . . ., intracortical lesion or in the
) o B . of the hands, feet, vertebrae,
and shafts of the long bones.

Fic. 9 —Osteod ostcoma occursing mtracort
weally in the shaft of the b, Th
! 2 L ¢ roent ¢l
shows an wtracortical area of rarefaction with extensne penfocal sclerosis. The meigi:;n%::n;
seldom exceed 1 cm n diameter. e

1Th;e1 hm;1 prm?ipa! theories on the nature of osteoid osteoma at this time are:

.( ) tﬂat the lesm'n is a primary neoplastic process of bone; (2) that the proces;

is mflammatory in ongin. Another unverified interpretation holds that osteoid
osteoma represents a healmg area about a bone infarction of minute size.
Exaision will cure these small, benign lesions. )

. f:rx:sltec:fl Ossifying I;xbrgmas and Myositis Ossificans. (1) Parosteal osteoma is

ion composed of ossifying fibrous tissue, s
e | d 1 , suggesting a circumseri

:{:Slt'ls lzssnﬁcans. It dxﬂ.ers, however, in that it involve%gthe ngighburmg bf:nd;e'd

y instances, though it may be confined entirely to the soft parts, Th, "

genogram reveals an ossifying mass, usuallv of cnncidaratla - ", roent

E >e ut

+ e A

Supplars @ LEUWAT MYOSIIS Ossificans, with bony trabeculae ;;1‘1’1;3‘:]‘:{ ’d‘}3e
ed
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in fibrous tissue. These growths usually occur in children or young adults in the
frontal or parietal bones of the skull, jn the bony walls of the frontal or maxillary
sinuses, and in the mandible. They are much more rare than are osteochondromas.
The more rapidly growing osteomas are composed of cellular fibrous tissue in
which small, round osteoid bodies are formed. The more slowly growing tumors
of this type form spongy bone and sometimes ultimately give nse to compact
bone, frequently referred to as eburnated The genographic find.

ings show a dense mass of new hone, smoothly outlined, with a sharply demar-
cated base formed by the thickencd, slightly depressed inner table of the skull.
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When seen in the mandible, the roentgenogram reveals a tumor mass of regular
contour projecting from the normal bony structure. The new bone 15 less dense
than the normal bone In the region of the antrum, the affected side shows
i d density or cloudi In most the tumor arises outside the
antrum and encroaches on the antral cavity, or pushes downward toward the
alveolar border, displacing the teeth downward. These lesions are often com-

licated by trauma or infecti

Osteoma and ossifying fibroma are benign tumors and do not warrant radical
or mutilating operations. Simple exeision usually suffices to eradicate the disease.
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(2) Myositis ossificans may be divided into the traumatic and :;zaugcacl:
forms arising about the thigh, arm, c\bo\s;, neck, m:dd}u;\b]::'jux:;ls; d;ﬁni(cly
i i s ¢ histories studied.
tion plays little or no role in the case his Jied. 1 ; !
gﬁ m\polrm}nt factor in 60 per cent of the lesions. The age incidence varies bfet\v(‘r);:l
10 and 72 years. The carliest physical sign after injury is the development (:} a su .
compressible mass which soon becomes indurated. Bone may be detected m the

m some cases but is difficult to find mucroscopically.

roentgenogram within three weeks after the onset of the tumor formation. Small
dense areas of ossification soon assume large proportions, forming a large spicule
of bone which is usually separated from the shaft of the neighboring bone (Fig,
11A). Many lesions gain their maxtmal growth mn six weeks or more and then,
spontaneously, regression is followed by quiescence. Histologically, degeneration
of muscle, hyperplasia of connective tissue, and orgamzation of hemorrhage are
early findings. Osteoid tissue with mariow spaces, osteoblasts about the spicules
of bone, occasional islands of cartilage (30 per cent of cases), and benign myxo-
matous tissue represent fully developed myositis ossificans (Fig. 11B). Malignant
changes may occur, but this is exceedingly rare,

A conservative form of treatment 15 desirable 1 the majority of cases, and the
lesion may be watched, without treatment, by interval roentgen examinations.
Postoperative recurrences are frequent if surgical removal 15 employed too carly
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Abrous tissue, The fbroblasts, osteoblasts, and giant cells may be intermingled m
areas which suggest osteolytic sarcoma. Close observation of the nuclei, however,
1eveals the lesion to be benign (Fig 10B). The tumor grows at a slow rate, giving
nise to symptoms of tenderness, pam, and ultimate dysfunction. A lump is felt at
the onset of the symptoms m the region of tenderness. Malignant changes 1n the
tumor may supervene.

Fic 10A —Roentgenogram of a parosteal ostcoma which has many of the charactenstics of a
sclerosing osteogemic sarcoma There 1s dense osteoid formation 10 the soft parts surrounding
the femur with some encroachment upon the cortex of the shaft of the femur

Excision is the treatment of choice Where the neighbormng bone 1s invaded,
even if the bemgn character of the tissue 15 confirmed by mrcroscopic exammation,
roentgen therapy should be given postoperatively If renewed growth s seen,
amputation must be performed because of eventual malignant change mn these
tumors.
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such locations the bone formed does not have the growth tendencies of a neo-
plasm.

"Fhere are instances, however, of extrasheletal ossification which must be re-
garded as truly neoplastic, and in these malignant changes are ultimately sces.
' w7 N 0 o b e the chiiracteristios of osteogenic sarcoma and

A) - . B . .t CEE ] - .
pertepen '

removed, where possible. They terminate fatally as & Iuse, s spe- i aemee s
excision.
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Fic 11B —Photomicrograph showing cellular
ctiv e tissue with i \:
and some areas of cartilage observed i the cas: Y o '
e of circumsenbed myositis o i
: . ssifica
Fig, UA‘ I{;- eso'm"g cases. L;Ammatedblz?ny spicules are seen embedd’ed m angnom:tso:lsm::sx;\::
Frequently 2 ween m) ositis ossificans and forms i .
T of os
may tax the judgment of the most experienced pathalogxst'mgemc seoma

RESORPTIVE

Bone Cyst. The benign solitas i
ry bone cyst is seen m chil

?E:, of 18 );le;rs. It usually occurs m the shaft near the upper ecndid;fe xt‘h;l ﬁdﬂ‘ e
fer u;, m; )m and runs 2 protracted and benign course. Pathologic fract umel’l;]S,
ingyﬂ c:x e phase ';‘)}f, the disease and probably the most [requenl reason fa: f:als llte

 phy . The tg: am shows a central e

r g ral expand
metrical and regular in contour, M 1croscopically, a heal?:gn bfieb :::cngle?t, 5)’:"‘;
is note
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(under six months), or if excision is inadequate. There are isolated cases which
have had successful regression of recurrence following therapeutic dosages of
roentgen rays. Insufficient esperience with the use of jonizing radiations on myo-
sitis ossificans prevents any final evaluation of the results obtained.

Fic 11A.—~Roentgenogram of a typical myositis ossificans, The lesion occurred six wecks after
an injury ‘The osseous mass 15 parallel to’the shaft of the femur; it approaches eontigmty but
does not overlap it

(3) Myositis ossificans progressiva, a special form of the malady, usually begins
in childhood; 1t affects the spmal muscles primanly. As the name imphes, 1t even-
tually involves the muscles of the entire skelctal system, Conservative therapy only
is indicated. The ultimate outcome is usually fatal.

keletal Osteog S Metaplastic ossification has been described
in almost every organ of the body where connective tissue is found. It has been
noted in the walls of blood vessels, bladder, hidneys, heait, bieast, uterus, and m
the soft parts generally. This type of heterologous ossification is often looked on
as a reparative process in an area of tissue is where cal is deposited. In
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A a single
(2) Polyeystic osteitis fibrosa, a multilocular structure, occurs cither ;\ls :\ sx\:y,l :
lesi;u or with generalized osteitis ibrosa cystica. The c'y‘sls (l):icur :‘:ﬂ;f :xl,l LL[L g"c
i pseal side, mtend over a considerable arc.
sis on the metaphyseal side, but ex e o o aim they
$ rages about five months. h
shaft. The duration of symptoms avel > o eseed, gving
tion of small eysts, which have more or le: 5
RMRARC A i e jon of the cortes (Fig, 13). Histolog-
olycystic appearance with some expansi ) olog-
?c:ix)lly) !)I\Bre al:é) many small cysts, usually filled with blood and surrounded by
glant cells. Varying amounts of fibrous tissue may be seen.
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Fic. 12B,—Roentgenogram of a bone ¢yst on the shaft side of the epiphyseal lie in the upper
end of the humerus. Note the trabeculated cystic area with espansion o} bone shell and pra-
gression toward the midshaft region
(Case of Dr. Willam Tobm, Washmgton, D C.)
Fic 12C.~Photormerograph of tissue taken from the wall of the lesion shown m Fig 12B. Note
the spicules of osteowd tissue with marked osteoblastic activity, the vascular connective tissue,
and the appearance of giant cells bordenng o a yascular space.

The progaosis as to bife is good in these forms of bone eysts. In the solitary bone
cyst of the adult in which symptoms are absent, no treatment is indicated. In the
solitary bone cyst of young people, where fracture has occurred and the position
of the fragments is satisfactory, sumple fixation usually gives a good result. If the
lesion is progressive after several months, exploration and curettage, followed by

"
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about the cavity, which may be lined by fibrous tissue (Fig. 12A). It usually is
filled with straw-colored fluid o1 remains of old hemorrhage. Some cysts are trabe-
culated Spontancous airest of the lesion without obhiteration of the cavity results
m the latent bone cyst. Fracture through the cyst may result in healing

Fic 12A —Roentgenogram of a typical latent bone cyst i the upper metaphysis of the tibia
Note the arca of bone erosion within the cortical shell There 15 a shght mcrease i density of
bone about the cystic area indicating a healing bone reaction

Variations in the simple bone cyst may be encountered:

(1) Giant cell varsant of the bone eyst, m which the duration of symptoms 1s
found to be shorter and in which the lesion is located invariably near the epiphysis
of the bone on the metaphyseal side. This variant 1s most commonly found in the
greater trochanter of the femur and lower radius. In the roentgenogram 1t is poly-
cystic m character, more subcortical than central, and most frequently trabecu-
lated (Fig, 12B). Microscopically, the walls are lined by fibrous stroma containing
variable numbers of giant cells. Hemorrhage is common (Fig. 12C). These lesions
stand midway between the typical bone cyst and giant-cell tumor.
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(2) Polycystic osteitis Fbross, 3 multitocular s\r%ct\xru, aceurs ut‘!(u‘; :!sl ::;:l%}’i
o cralize itis fibrosa cystica. The cysts oeeur #eg
lesion or with gcmralmd ostertis S e e e
it w2l side, but estend over a considerable ane
vsis on the metaphyscal side, D e o ey
| \ smptoms AVerages about five months, R
‘shatt, The duration of sywp ] Ui, I e B e
i H eysts, which have more or less coalesced, giving
appear as an aggregation of small cysts, , r less. : ]
:m):)\vcysﬁc ;\;pema\\ce with some expansion of the cortex (Fig. 13). Hl;u‘)]!o}g
lic};u * (here are many smaft cysts, usually fitledt with blood and surrounded by
ghm)t)‘cel!s. Varying amowns of fibrous tissue mnay be seen.
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Fic 12B ~Roentgenogeam of a bone ¢

rt on the shaft side of the epsphyseal kne m the upper
end of the humerus Note the trabeculated cvstic atea with expansion of hone shell and pro-

gression toward the midshaft regron
{Case of Pr William Tobin, Washington, D. C.)
Fic 12C.~Fhotonscrograph of hssue tahen from the wall of the lesion shown i Fig, 12B Note
the spicules of osteord tissue with marked osteablastic actnity, the vasculas vonnectne tissue,
and the appearance of giant cells bordenng on a vascular space.

The prognosis as 1o life 15 good in these forms of bone cysts In the solitary bone
eyst of the adult in which symptoms are absent, no treatment is indicated, In the
solitary hone cyst of young people, where fracture has occurred and the position
of the fragments is satisfactory, smple fration usually gives a good result. If the
lesion is progressive after several months, eaploration and curettage, followed by
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about the cavity, which may be lined by fibrous tissue (Fig. 12A). It usually is
filled with straw-colored fluid or remains of old hemorrhage. Some cysts are trabe-
culated. Spontancous arrest of the lesion without obhteration of the cavity results
1n the latent bone cyst. Fracture through the cyst may result in healing.

Fic 12A —Roentgenogram of a typical latent bone cyst in the upper mctaphysis of the tibia.
Note the area of bone erosion within the cortical shell. There 1s a shight increase m density of
bone about the cystic area mdicating a healing hone reaction

Vanations 1n the simple bone cyst may be encountered:

(1) Giant cell vanant of the bone cyst, in which the duration of symptoms 15
found to be shorter and 1n which the lesion 1s Jocated invariably near the epiphysis
of the bone on the metaphyseal side. This variant 1s most commonly found in the
greater trochanter of the femur and lower raduws. In the roentgenogram it 1 poly-
cystic m character, more subcortical than central, and most frequently trabecu-
lated (Fig. 12B). Microscopically, the walls are lined by fibrous stroma contaimng
vanable numbers of giant cells, Hemorrhage is common (Fig 12C). These lesions
stand midway between the typical bone cyst and giant-cell tumor.
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deformity and definite cystic lesions, any one of which may be associated with
spontancous fracture. Less commonly seen is collapse of the vertebra and other
skeletal disturbances, Urinary calculi commonly develop, leading to renal colic
and hematuria, The blood serum caleium vanes from 12 to as high as 23 mg. per

Fic. 14 ~Roentgenogram of bone lesions m the nbx:
> 1 I s a and fibula,
g;z ;:‘;ggxs l}?‘:g ;i}iixl deﬁlmrr rarefaction of the bones which js due tf s;:;:‘l‘in‘ ‘r:;h l;yperp‘\m—
the bone shell and 121s hows marked cystic destruction m its upper portion with Comanmern of
hout healing bone reaction. The shait of the tibs n} ‘;; #ipansion of
area with erosion of the cortex. 1@ reveals & lasge eystie

100 cc., while the plasma
phosphorus may be de;
. ) pressed as low as 1 or 2
ld ;::e::);) l:c.vofbblood. The endocrine basis for the various chan, ess se it
uns{mmda.\c. een .well substantiated. Parathyroid adenomas §r bé:ﬂ s
in incseasing numbers of cases. In the differential dlagnisiseu;g o
of ostertis
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chemical cauterization, 1s indicated. Bone chips or crushing of the bone shell may
be used to obliterate the cavity In the acute bone cyst (giant cell variant)
moderate amounts of roentgen therapy given in divided doses is adequate treat-
mentf the diagnosis is certain, Should irradiation fail, operative interference may
be necessary. Pnumary curettage and cautenzation yield eacellent results. Irradia-

tion followed by surgical procedures gives less satisfactory healing in the aggres-
sive bone cysts

e

2

et

Fic. 13.—Roentgenogram of the upper end of the radius showing a vanant of bone cyst known

as polycystic osteitss fibrosa The g shows an of small cysts which have

maore or less coalesced, imobving the upper third of the radius At one pont there 1s definite

expansion of the bone shell Note the erosion of the cortex Histologically, these lesions reveal

varying amounts of fibrous tissue with small L)stslus\mlly filled with blood and surrounded by
grant cclls

(3) Multiple osteitss fibrosa cystica 15 a generalized demmeralization of bones
due to hyperparalhyrmdxsm Bone mvolement 15 most pronounced in the pelvis,
spme, and long bones. The calcium 1n the serum 1s usually elevated. This disease
occurs at any age from cluldhood to late adult Lfe The depletion of calcium and
phosphorus in the bones results in definite rarefaction of the bones with bending
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deformity and definite cystic lesions, any one of”whichfn:]ay be (asg;):l:::;l (,‘:i:tl,‘-
i e of the vertel
sontaneous fracture. Less commonly seen is collapse ¢ c
:]l\'c]ctal disturbances, Urinary calculi commonly develop, Icadllng to renal colic
and hematuria. The blood serum calcium varies from 12 to as high as 23 mg. per

Fic 14 —Roentgenogram of bone lesions in the tibia and fibula,
thyroidism Note the definite rarefaction of the bones which 1s due
phosphorus. ‘The fibula shows marked cystic destruction 1 1ts u;
the bonie shell and without healing bone reaction The shaft of

area with erosion of the cortex

associated with hyperpara-
to depletion of calcium and
{Fer portion with evpansion of

he tibia reveals a large cystic

100 cc., while the plasma phosphorus may be depressed as low as 1 or mg.
per 100 ce. of blood. The endocrine basis for the various changes seen in this
disease have been well substantiated. Paratly

yroid adenomas are being dem-
onstrated in increasing numbers of cases. In the differential diagnosis of osteitis
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fibrosa cystica generalisata, fibrous dysplasia, multiple myeloma, and metastatic
carcinoma are to be considered. The roentgenograms reveal multiple cysts with
or without diffuse rarcfaction or bending deformities (Fig, 14). In those lesions
which have been biopsied, the micioscopic structure varies, depending on the
activity of the disease. The aggressive phase of osteitis fibrosa is characterized by
tissue typical of giant cell tumor, while in the chronic or less active state, the
sections reveal tissue characteristic of the healing reaction about bone cysts.

Fic 15A —Roentgenogram of totrc fibous dysplasia 1 a boy of 18 years The lesion 15

notcd 1n the metaphysis of the upper end of the femur producing an area of polycystic de-

struction traversed by delicate trabeculae of bone. The defect 15 eccentric 1 position with -
pansion of the shaft There 1s loss of cortical density. Note the pathologie fracture

The treatment 1s directed toward the underlying cause of the condition, 1.e., the
hyperplasia or adenoma in parathyroid glands. After the diagnosis is established,
the parathyroid glands should be eaplored. It 1s to be remembered that some
parathyroid adenomas have been found within the upper thoracic cavity.

Fibrous Dysplasia There are two forms of fibrous dysplasia, the diffuse or poly-
ostotic form, and the monostotic form.

In the diffuse or multiple form of fibrous dysplasia, the discase involves multiple
bones on one side of the body. Occasionally there 15 a bilateral disturbance.
Albright and his co-workers have empk d the eatraskeletal f of the
discase, which include pigmentation of the skin and endocrine dysfunction in
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il ions

girls in the form of seaual precocity and hyperthyroidi These
are not present in all cases. On roentgenographic caamination, the bones are
bowed and rarefied, with thinning and expansion of the cortex. Pathologic frac-
tures occur (Figs. 15A and 15B). The pathologic changes show the interior of
the bone to be replaced by fbrous tissue of a gray or yellowish color which may
contain islands of calafication, castilage, assified bone, or small cysts (Fig. 15C).

In monostotic fbrous dysplasia, the first evidence of the disease is usually a

years of age
d secondanly

“Tficse 15 htle tendency to healing bone reaction about the leston 1e eystic area

{Case of Dr. Jessie Nicholson)

l;::xhl ;\ve.lling with an occasional tenderness or pain of a rheumatic character.
> 0 ogu; fra;clure may be the first sign of the disease. The lesion appears eithex:
axegl:ocskv' : m;_ﬁr ;r to 1emain stationary. Cutaneous and endocrine abnormalities
el i %}, ! ¢ flat as well as the long bones may be affected. The roentgenogra
m,bec‘ l,l]: k ef l?ng b?;}fs’ an area of radiolucency, sometimes traversed b%' delaica:n
rabeculae of bone. These may be centrally placed ol i N
Clall“l);) in th:ai metaphyseal area of the long )I')l?nes. r eocentrically located, espe-
tbrous dysplasia 1s apparently 2 true dystrophy where the tendency to normal
ma,
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ossification is pievented by a fundamental local disturbance yet to be dem-
onstrated.

It is usually recognized at the beginning of the sccond decade, though most
often comes under obscrvation in the third decade. It appears to be a chronic
disease persistent throughout life.

Surgical eacision is Justified in lesions that gve rise to symptoms or interfere
with functional activity, Resection or thorough curetting should be performed;
incomplete removal leads to recrudescence of the process. Irradiation is without
benefit,
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Fic 15C.~Photograph of tisue removed from the lesion shown i Fig. 15B. Note the fauly

well vasculanzed conncctin e tissue with trabeculae of pastly calafied, newly formed bone, Bone

formation 1s most abundant at the penphery of the lesion. Occavonally areas of cartilage are
scen 1 some of these lesions

Benign Giant Cell Tumor. This is an epiphyseal lesion whicl occurs after the
age of 18 years. It is most frequent in the lower end of the femur, upper end of the
tibia, and lower end of the radius, The duration of symptoms averages 14 months.
The sequence of events is trauma, pamn, tumor, and, occasionally, pathologic
fracture. In the roentgenograms an early giant cell tumor shows a defect situated
asymmetrically n an epiphysts, later i the diseasc eatendng to a more central
postion, The defect 1s surrounded by a bone shell which may be perforated. The
lesion is progressive. Mi pically, the tumor is posed of large giant cells,
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Fic. 16A.—Roentgenogram of a bemgn grant cell tumor of the lower end of the rads. Note
the asymmetrical position of the expanded hone shell in the region of the epiphysis, Trabeculae
within the cystic area are scen, The bone shell 15 perforated on the medsal side. This lesion
underwent malignant change 10 years later after repeated ge and e rrad

Fic, 16B —Roentgenogram of a bemgn giant cell tumor 1n thy by
emur. The bone shell 15 shll mtact, Tmbeculgeeplp yseal end of the lower

are present.
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embedded in a mass of typical small spindle cells (Figs. 16A to 16D). There are
a number of variants of gant cell tumor. Certain lesions of sesamoid bones, the
jaws, and about the teeth are related pathologically to giant gell tumor,
Conservatism in the treatment of giant cell tumor has been in vogue since 1912
If one has to consider the economy of the time for convalescence, surgery is the
procedure of choice. All lesions should be bropsied. In a primary case, not too
advanced, curettage followed by cauterization is advocated, especially i the
lower femur and the upper tibia, In advanced lesions of the ulna, fibula, or radius,
resection should be used. Recurrences followmg curettage may be troublesome

Fic_16C —Roentgenogram of an carly benign giant cell tumor 1 the upper end of the tibia.
Note the subpenosteal position of the lesion 1n the emiphysis without penosteal reaction.

and call for further curettement or even resection where possible. An uncontrolled
gant cell tumor is usually due to incomplete removal, perforation of the bone
shell, or declining reaction of the bone cortex due to age. Many giant cell tumors
are rad wve but the mechanism of resp is not well understood. Opnion
varies greatly on the efficacy of irradiation versus surgical intervention in benign
gant cell tumor. It 1s well established that certain lesions uradiated alone or
treated by surgery alone heal perfectly, but the combination of the two forms of
therapy may give many unfortunate results. Treatment by srradiation is less favor-
able in the weight-bearing bones than m other locations. Many giant cell tumors
are inoperable because of their Jocation or extent but may be successfully treated
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d doses of irradiation, given after sulficient
actor in avoiding deformity and other com-
plications. A small percentage {1 to 2 per cent) .nf‘ginnt cell h;moyr?du:({‘crg;)'
malignant change. In neatly every case whete H'us is [mmfl prolonge d 11 o
advised irradiation has been given, The microscopic dl[l'ercn‘lmtmn betwe (;n os L]()-
lytic sarcoma and benign giant cell tumor is difficult at times and adds to the
umber of cases in which sarcoma is discovesed late w the discase.

with roentgen therapy. Fractionate
intervals of time, are an important f
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Fic 16D ~Microphotograph of a bemgn grant cell tumor showmg multinucleas grant cells em-

bedded 1n 2 mass of small round and spimdle cells, The gant cells average over 30 per field
under low power with the number of puclei sarying m each cell from 50 to 100,

TUMORS OF NONOSSEQUS ORIGIN
MARBOW AND HAVERSIAN SySTEMS

Ewing's Sarcoma or Endothelial Myeloma. This malignant tumor which atsses
mtracortically or subperiosteally occurs m the first two decades of life; it myolves
the metaphysis primanly, most often affecting the long pipe bones, especially the
tibia and femur. Other bones involved include the thum, scapula, clavicle, verte-
brae, skull, and bones of the hands and feet. The disease never mvolves the
epphysis primantly. It shows the usual symptoms of pam and tumor followed by
dysfunction. In the roentgenogram a widening of the shaft, with increase m
cortical structure and onjonskin perosteal reaction, 15 an early finding, followed
later by varying degrees of bone destruction (Fig. 174). Microscop;cally, the
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tumor is composed of small round cells, with dense nuclei and scanty cytoplasm,
simulating a lymphosarcoma (Fig. 17B). Constitutional reaction is reflected in
temperature elevation and leukocytosis, Marked weight loss is a late feature of the
disease.

Irradiation provides a good therapeutic test and the best available palliative
therapy. Irradiation alone, however, is not sufficient to control Ewing'’s sarcoma
in the majonity of cases. A review of the literature leads to the conclusion that
combined preoperative irradiation (Coutard method) m full therapeutic dosage,
followed by amputation or radical rescction, gives the best results (19 per cent
five year survivals). The average five year survival rate in all forms of treatment

Fic. 17A.—Roentgenogram of Ewmg’s sarcoma showing charactenistic ontonshin appearance
of the penosteal reaction and the diffuse imvolvement of the shaft of the humerus Note the
thickened cortex swhich 1s secn in the easher phases of bone mtolsement.

15 10 per cent. Irradiation alone has been responsible for five year survivals in 2 of
our cases, one, a patient in whom the tibia was explored, curetted, and then given
mtensive roentgen therapy. Another patient chmcally showed Ewing's sarcoma
m the femur, refused operation, and received intensive roentgen ray treatment.
The leg was amputated sx years later because of 1adiation fibrosis. No residual
tumor was found Resection of the clavicle and a portion of the scapula i succes-
swve cases, foll d by ive r gen therapy, has yiclded five year survivals.

Reticulum Cell Sarcoma of Bone. This 15 a subvariety of Ewing’s tumor fre-
quently secn after the age of 35 years, similar to the radiologie and microscopic
picture of typical Ewing’s sarcoma (Fig, 17C). The prognosis is said to be much
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better in this group. There is some doubt amony some investigators as to whether
this tumor should e separated from Ewing's sarcoma.

Multiple Mycloma. As the name implies, this neoplasm produces extensive
tumor imolvement of the sheleton. The disease develops in multiple foci through-
out the red marrow of aduits, The nbs, spine, pclvis, femar, and skull are most
frequently affected. The patients are usually in the sisth decade of life. Clinically,
in addition to the rheumatic pain, skeletal deformuties ultimately leading to
changes in the central nenvous system, thorax, and lungs are manifested. Bence

Fic 17B.-A pt 2ph sh !
1 anc ph showing the cell of Ewing’s sarcom:
cytoplasm and round and oval nucler. Fibsous septa are seen \\hlchg at hmes:l r\l;h[ll‘nd;s unct
an alveolar arrangement. g e tumor

gmfs bodies a{;penr u): the urine in about 65 per cent of the cases. The plasma
rotemns may be marledly increased. In the ro '
. . entgenogram, the b
multiple punched-out areas varyi o Sy
rying from 1 to 5 cm or more in di
P ameter.
:}}:e ;kull tl;:e‘ areas of rarefaction appear between the mner and outer tab(;s IcI;
be?n gotr;:a ( lgt. f18A). Pathologic fracture occurs in 62 per cent of the cases, a rib
e most frequent site of fracture. Microscopi 05
st frequent " . ) pically, the tumors a;
L:é pl;sma-h!.\e cells with eccentric nuclei containing ipoke-hke nrra;e ec0 mptU SE(}
,’se chromatin. Fusnfox.'m cells and binucleate plasma cells are also re‘g H:EH e
a scant amount of intercellular substance (Fig. 18B). A sternal I:nasen e
. rToW punc-



426 MONOGRAPHS ON SURGERY

ture is a valuable diagnostic procedure for obtaining marrow tissue which will
reveal charactersstic plasma cells when the tumor is present (Fig, 18C).
Prognosis is uniformly unfavorable though some cases have lived as long as
seven years after the diagnosis was made. The prognosis seems to be little influ-
enced by treatment, although roentgen or radium therapy may bring about
remissions. The average duration of life 1s three years after coming under observa-
tion. Among palliative measures other than irradiation is the administration of
stilbamidine and pentamidine in conjunction wath a diet low mn animal protemn.
More 1ecently, urethane given in protracted dosages has shown promise in inhibit-

Fic_17C Rocntgenogram of Ewing's tumor in an adult, revealing rarefaction and destruction
of the cortex Histologically, this lesion 15 a subtaniety of Ewmyg's tamor frequently called
reticulum cell sarcoma of the bone

ing the progress of the disease. In a few patients radioactive phosphorus has
relieved pain and retarded the disease for a limited time. Deep roentgen therapy
is the most valuable form of treatment in bringing about symptomatic im-
provement.

Some Diseases of the Bone Marrow and Lymphowd Tissue with Osseous
Changes Hodgkin's Granuloma- The bone marrow is more frequently mvolved in
Hodgkin's granuloma than is usually supposed, mvolvement up to 40 per cent
being reported mn cases commg to necropsy. Since the advent of roentgen therapy,
groups of cases are available in which the earlier symptoms referable to the bones
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FiG, 18A.~Roentgenogram showing typical punched-out areas of bone destruction in a case of
multiple myeloma. There 1s no incrcase s the width of the tables of the skull. Other bones show
sumlar punched-out areas varying from a few mll to 5 cm, m di
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Fic. 18B —Microphotograph of a typical pl.
Plasma cell type of myeloma,
may be seen A high powered pl otomicrograph m]{Pshow sgs]\t;x_rllieB::::ieiﬁLiltﬂntfceg'ls
chromatin within the nucler, 8 o the
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may be compared with the roentgenogram for the first evidence of bone changes.
The duration of Hodgkin's granuloma before and after defimte invasion of bone
is quite variable. Some patients are living with bone changes which have existed
from three to four years. Superimposed on the systemic manifestations of the
disease may be the changes brought about by bone destruction, such as pain,
ngidity of the spine, and localized tenderness of the affected bone. The blood
picture is quite varable, ranging from leukopema to marked leukocytosis. A
marked secondary anemia 15 present in some cases. The bone changes as seen by

Fic 18C —High powercd plm!unucroirap]l of a smear obtained from a sternal marrow punc
ture Note the charactenstic plasma-like cells with a binucleated guant ecdl. Such a smear 15 a
valusble diagnostic finding.

roentgenograms ate either osteoclastic or osteoplastic. Roentgenoglams of the
skull usually show a predominant osteolytic reaction Rarefied areas m the bone
are surrounded by varying degrees of icreased density, representing healing
bone activity. Biopsies from the bone lesions show varying stages of disease activ-
iy (Fig 19). Wlhile inadiation is still the treatment of choice, other forms of
palhative theiapy mclude mtiogen mustards, nickel octyl-phthallate, and radio-
active phosphorus. The disease has been found to be uniformly fatal following
bone involvement.

Lympl coma: Bone invol

inl

1 .
P 1s rare. In a large series



BONE TUMORS AND THEIR TREATMENT 429

of cases studied, only 10 per cent were ultimately found to have involvement of
the bone. Pain is an carly symptom with a variable interval before definite roent-
genographic changes could be seen. Most of the patients dic before the third year
of the disease. Demonstrable changes in the bone are noted from 20 days to onc
year prior to death. As in Hodghin's granul the systemi ifestations of
the disease are superimposed on changes brought about by osseous involvement,
such as localized pain, girdle pain, and symptoms of cord compression. Bones
involved, as in Hadgkin’s granuloma, are those ining red marrow. Roent-
ge\\ogr.\phically, the lesions are either predominantly osteoplastic or osteolytic.

As the disease progresses, the entire bone i
1 s ne is frequently mvelved (Fig 20
::isctezzlivhc c}l:anges are see(xll more frequently. The microscopic pictu(re 1% cha‘x‘:)c.t:se
of lymphasarcoma, a diffuse growth of lymphoid cells lyi .
(Fig. 200, The tresmens ot ymp cells lying mn reticular tissue
' . lymphosarcoma 15 by inadiati i
fiv g{:)rms of th;r:‘]?y such as are used 1n Hmdgkin’sygranulon:zn w0 other pallia
and the Leuk s: Chl is a rar b
) C e form of bone dj 4
:;Zflsmg{;hf skull, vertebrae, spine, steinwn, pelvis, and long *l%)mie:iigs“a"}
ated with leuhemia, There is a special tendency to infltration of musclesa:s::’d-

tendi 1
bones. The disease usually occurs about

at near the aff
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the time of puberty. It frequently involves the orbital structures, causing an
exophthalmos, Enlargement of the lymph nodes, hver, and spleen is also found.
Roentgen examination reveals arcas of bone destruction or ateas of rarefaction.
Occasionally a periosteal 1caction may be scen, The tumo tissue is defimtely
green m colo1, and on section shows an merease in fibious stroma with a crowding
of laige, atypical monocytes everywhere, The disease 15 usually a form of
myeloid leukemia in wlich bone manifestations are a promment feature, The
process 1s radiosensitive and roentgen therapy is recommended for palliation,
Bone changes associated with lymphatic or myeloid leukemia are 1elatinely rae,
They frequently appear late in the discase. In lymphoid leukemia bone changes
are found more often than in the myelogenous vauety. Apparently theie is no

Fic 20A —Roentgenogram of the peluis, showmg erosion of the pubis and rschim produced
y lymphosarcoma Penosteal reaction s vasible at the symphysis

correlation between the early development of changes in the bone and the dura-
tion of life after such changes appear When bone manifestations are promment
and appear early, the diagnosis is apt to be confused with multiple myeloma or
chloroma. The total white count usually remans low in these cases, varying from
5000 to 12,000 cells per cubic centimeter In lymphoid leuhema the long bones are
more frequently affected than are the pelvis, skull, or vertebiae. The roentgeno-
gram reveals rarefaction m the long bones with a slight periosteal reaction
Oc lly the changes r ble an early Ewing’s saicoma. In the skull osteo-
porotic changes, diffusely scattered, with neighboimng peiosteal elevation or
thinning, is the charactenstic picture Microscopically the disease resembles
lymphosarcoma or Ewing’s sarcoma of bone. The involvement of other organs,
however, is diagnostic when considered with findings in the blood. Fiactionated
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doses of roentgen rays over the affected bones and lymph nodes or radioactive

phosphorus is excellent palliative therapy.

Granulomatons Lesions of Bone. This group of bone
with disturbances in lipoid metabolism. Organs connected w
endothelial system reveal a varjety of changes.

There appears to be a close relationship betwe
Schuller-Christian disease and eosinophilic granuloma. Further,
to assume that these discases represent gradations of disturbance
olism in the reticulo-endothelial system,

fesions is often associated
ith the reticulo-

en Letterer-Siwe disease, Hand-
it seems logical
in hipoid metab-

Y5

A2

S

YhEr S alatey

T sk
DU
Fic. 508 _Ehatomcrogaph of ymphosaroma which imvolsed the banc 35 shown 1 Fig 20

Note the diffuse growth of lymphoid cells lying i reticular bissue An oceasional large reticul
cell 1s seen S ulum

fLeMerer-lsdiwe Diseas;,: This nonlipoid histiocytosis is a rapidly fatal disease of
mfancy, seldom seen after the age of two years. The clini )
) 5 cal features are fev
;I;lonh;zsh;.purpfurniland :;] rapidly developing and seveie anemia. There 15 ‘:nai;c::iy
ration of cells in the reticulo-endothelial system, namel
r , na , the
n.odes, fmd also lymphod tissue 1 the skin. Bone lesions arey encmsxgl;f:é Iydm Ph
chal .\vnh those of Hand-Schuller-Christian disease. Patients is g0
invariably die. seen at this age
Hand-Schuller-Chnstian Disease. The dis
: C . ease usually malkes i i
late infancy and is rarely seen after childhood. The (‘{lmical n::xsn:lfgls)ki;:li'znce o
¢ ms are
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variable. Exophthalmos, diabetes insipidus, pigmentation of the skin, and sple-
nomegaly may be observed. Bone changes aie a constant finding and roentgeno-
graphically appear as large, rarefied defects, cleaily demaicated in the skull and
in other flat bones. (Figs 21A and 21B). Diffuse cystic areas may also be seen in
the long bones with thinning of the cottea. There 1s no periosteal reaction, The
blood picture may show a severe anemia. Transfusions are frequently indicated
durmg the period of active roentgen therapy. Small divided doses are best
tolerated Many of these patients survive for an indefimte time with relative
quiescence of the disease as they grow older.

Fic 21A —Roentgenogram of the skull of a child with Hand-Schuller-Christian disease Note
the large osteolytic defect 1 the postenor parietal and ocaipital regions Multiple foci of de-
struction are usually present There 1s no reaction 1n the neighbonng penosteum.

Eosinophilic Granul - E phihe granul occurs in children and young
adults It is a relatively bemgn lesion localized in the skeleton, It frequently
appears as a single lesion ansing in the medullary cavity, though often it may
appear m multiple bones A complete skeletal survey n all patients will probably
reveal that it 15 a multiple lesion of the bones 1n most of the cases. The symptoms
are unreliable, though pain, swelling, and dysfunction are frequently observed.
A mild leukocytosis and muld eosmophihia are usually present. Radiologically the
lesions 1 the bones are central. Osteolyhic and iregular defects are observed
quite well circumseribed or punched out. The cortex may be expanded or per-
forated, Histologcally the lestons show sheets of eosinophils with varymg degrees
of fibrosis and histiocytes interspersed through the lesion. Surgical eacision or
curettage promotes healing. Mild roentgen therapy also will control the disease.
Spontaneous healing is rare.
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It 2~ Phutomicrogeaph of Cliristian's disease shosn fn Fig 2LA Many Large macrophages
aro noted, some watl foamy ¢ytoplan intcimingled with cosnophils aud fymphocytes,

Miraseance Devostis

Mctastatic Carctnoma. A lnge group of bone tumors consists of metastases
avising from careinoma and sarcoma primary i other organs. About half of the
lesions may oceur as a single focns in the end of the Tong bones, producing a
cential area of bone destiuction, while the other half may imolve the sheleton
diffusely, producing either osteolytic or osteoplastie ehanges, The primaty source
of the tumor vagies. The most hequent sites of the primary griowths ares breast,
Mduey, prostate, thyroil, the gastio-intestinal tiaet, and the female genital tact,
A solitary focus of destruetion in w single bone iy often produced by metastatic
tumors of the Mduey, thytoid, lung, bladder, and malignant mole, These solitmy
lesions we most often seen in the spine, the upper end of the humeras or femur,
and, oceasionally, the shull. Metastatic cancers of the breast or Prostate usually
produee muitiple fnvolvement of the pelvis, spine, skall, and upper end of the
femnr or hamens, With manuuary eacinoma a central aiea of hone destinetion
may be seen in the wentgenogam which subseguently shows rapid destinetion
ol the cortey from wilhin the medullay cavity (Fig 92), There s litle or no
houe espanson, Multiple Tesions appear as mottling or punched out aieas, These
changes we central in Tocation, In carcinoma ol the prostate, osteablastic changes
may be seen with incicased bono density at times suggestive of Paget's disease
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riable. Exophthalmos, diabetes insipidus, pigmentation of the skin, and sple-
megaly may be observed. Bone changes are a constant finding and roentgeno-
aphically appeat as large, rarefied defects, clemly demaicated i the shull and
other flat bones. (Figs. 21A and 21B). Diffuse cystic areas may also be seen m
e long bones with thinning of the cortex, Theie is no periosteal reaction. The
od picture may show a severe ancmia. Tiansfusions are frequently indicated
rmg the period of active roentgen therapy. Small divided doses are best
erated. Many of these patients survive for an indefinite time with relative
iescence of the disease as they grow older,

"
s 21A —Roentgenogram of the skull of a child with Hand-Schuller-Christian diseasz  Note

: large osteolytic defect in the posterior panetal and ocaipital regions, Multiple foar of de-
struction are usually present There 15 no reaction 1n the neighboring penosteumn.

Eosmophilic G 1 E phil 1 occurs i children and young
lults. It 15 a relatively benign lesion localized in the skeleton. It frequently
pears as a single lesion ansing m the medullary cavity, though often it may
ipear in multiple bones A complete skeletal survey m all patients will probably
veal that it is a multiple lesion of the bones 1 most of the cases. The symptoms
e unrehable, though pain, swellng, and dysfunction are frequently observed.
mild Jeuhocytosis and mild eosinophiha are usually piesent. Radiologically the
sions in the bones are central. Osteolytic and irregular defects are observed
iite well circumseribed or punched out. The cortex may be expanded or per-
rated, Histologacally the lesions show sheets of eosinopluls with varying degrees
fibrosis and histiocytes interspersed through the lesion. Surgical eacision or
irettage promotes healing. Mild roentgen therapy also will control the disease.
sontaneous healing 1s rare.
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swelling, and dysfunction-is about one year. The Jower femur and tibia are
favorite sites for imohvement. Rarely the upper ettemity, shull, ribs, and pelvis
may be affected. Microscopically, the spindle cell varies from the more aggressive
aat cell type to the large fusiform spindle cell, with transition cell forms. There is
usually no bone or cartilage seen m the fibosarcomas. A definite percentage of
the fascial sheath tumors are not sarcomas but ceflular fibromas. This accounts in
part for the unusnal number of cures of so-called “fibrosarcomas.”

Fic. 23.~The osteoplastic nature of bon;

F . y metastases from caranoma of the prostate 15 depicted

in this roentgenogram. Note the sclerotic changes 1 the lumbar vertebrae, n the wings Ef the

sacrum, and i the tha Osteolytic changes are frequently seen 1n association with the donunant
sclerosing reaction. i

These tumors are not highly radiosensitise. The cell differentiation is all-impor-
tfant mvthxs group. There 1s some evidence that wradiation inhibits tumor growth
or a time, producing a slow sclerosmg reaction in the fibro-spindle-cell type' of
lesion. Cases with the fibro-spindle cell variety of tumor may survive five years or
}onger, no matter how madequate the treatment The majonty of cures result
rom amputation or radical resection. The undifferentiated oat cell type of fibro
sarcoma is extremely aggressive and neil iati isi \
e e ly aggressive and neither radiation, nor local excision offers a
T . .
. he neumg?rzlc sarcomas (Fig. 24A), imvading bone chiically, bear a close
oentgenographic r bla to the lesions of the fib; i ‘
x he fibro-spindle-cell series
s;:\léslieg,e\tlh::gh mo;]e pronounced destruction of bone is nI:)(ed Asm th::e;}i::t
A mars, there 1s a gradual transition amo . i\
the benign neurofibromas to the most mali form nfg tf]e nellr.al cameors from
g of sarcoma. The
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(Fig. 23). Biopsy from such an area reveals that there is much reactive bone about
the tumor infiltration Thus reaction of bone in prostatic carcinoma is quite the
reverse of that seen m other metastatic lesions

Roentgen therapy offers varymg degrees of palliation in bone metastases. The
disappointing results have stimulated investigators to seek other therapeutic
measures. Testerone and castration have proved beneficial mn bone
from carcinoma of the female breast. Estrogenic therapy and orchiectomy have
given effective palliation to patients suffering with bone metastases from prostatic

Fic 22 —Mammary carcnoma mnolung the pelis and uppes ends of the femora Note the

mulbiple punched-out areas m the upper femora and in the 1schium and pubie bones There 15

evidence of sclerosis about the punched-out areas in the upper femora. This 1s rare in mammary
carcinoma

cancer and male breast cancer. The heavy metals, particularly nickel octylphthal-
late, have been of some value n reheving pam and temporanly suppressing the
extension of the disease.

Osseous Invasion by Inclusion or Invasion of Muscellancous Tumors. Fibro-
sarcoma may arise either from the outer layers of the periosteum or in the adjacent
soft parts The tumor occasionally mvades the neighboring skeleton, giving rise
to changes which are principally due to secondary bone mvolvement. Such bone
mvolvement 1s infrequent (15 per cent of all neoplasms involving bone). The
peak incidence is beyond the age of 30 years and parallels more closely the car-
cinomas among adults. The average duration of symptoms—consisting of pain,
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swelling, aund dysfunction=is about one year ‘Hhe fower femur and tibia are
favonte sites for imvolvement, Rarely the upper extremity, skall, nbs, and pelvis
may be affected, Microscopically, the spindle cell varies from the more aggressive
oat cell type to the large fusiforn spindle cell with transition cell fonas. There s
usually no bone or cattilagre seen in the fibtosatcomas. A dudimte percentage of
the fascial sheath tumors are not sicomas but cellubar hbromas, This acconnts in
pait for the unusual number of eutes of so-called “hhrosarcomas,”

Fi. 23.~The ostevplastic nature of bony mctastases from carcnoma of the prostate 1s depicted

10 this rountgenogram. Note the sclerotic changes in the lumbar sertebrae, 10 the wings 5{ the

sacrum, and in the iha. Ostealytic changes are ) fuently secn in association with the dy Y
scleronng reaction,

Thcse t}xmms are not highly radiosensitive. The celf differentiation is all-im, POT-
tant m‘thxs group. There is some evidence that frradiation inhibits tumor vml th
for'a time, producing a slow sclerosing reaction in the ﬁhro-spindlcfcll tb . ;
Iesion. Cases with the fibro-spindle cell varicty of tumor may sunive fy ~)-Pc o
longer, no matter how inadequate the treatment, The majority of me‘) o
from amputation or radical resection. The undifferentiated oat c)ell t ‘"-If P
sarcoma is extremely agaressive and neither radiation nor local A
permanent coy , excision offers a
. The ncumgex?r'c sarcomas (Fig, 244), invading bone
dxsu;sscd 7} .hlnc blance to the lesions of the fi
atndte o wugh more pronounced destruction of hon
‘[}:c} <l tumsors, there is & gradual transition amor,

HTign fit to the most 1

clim'cally, bear a close
bro-spindle-cell series just
¢ is noted. As in the fibro-
ra 13 the neural tumors from
nant form of neurogenic sarcoma. The
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more malignant and cellular forms predominate where bones are mvolved. They
are differentiated microscopically by the myxomatous structwe intermingled with
the fibrous tissue. Nucle: are longer and deeper staining Many tumor giant cells
may be seen (Fig 24B),

Neutogenic smcomas as a gioup are lnghly radioresistant tumors. Interstitial
nradiation by buried radon mnplants has been almost umformly disappointing,
A certain number of cases has shown some 1egsession by external irradiation alone.
It may be stated, however, that clinical cures in neurogenic saicoma are obtamed
by early amputation, and even with this radical form of treatment, permanent
cuies are not numeious.

Fic 24A —Gross specimen of a neurogenic sarcoma of the peroneal nerve myading the tibia 1
a gul 15 years of age, Ining and well 12 years aftcr amputation

Angioma of the bone 15 considered rare. This growth appears between the ages
of four and 40 years but is most frequent among young adults. Such tumors have
been found m the humerus, ulna, radius, femur, os calcs, skull, and vertebrae,
The roentgenographic picture is one closely 1esembling gant cell tumor or poly-
cystic disease of the bone (Figs 25A and 25B) In addition, however, one may see
isolated cysts beyond the mam point of destruction. The trabeculae traversing the
cyslic cavities vary in density, more so than in grant cell tumor. These lesions at
eaploration show cystic destruction, with or without vascular tissue beneath a
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thin wall of cortical bone. The cysts contain fluid as a vule, The vascular tissue
obtained is characteristic of angiomatous tissuc clsewhere, On reviewing the
literature, one gains the impression that the majority of the angiomas of bone are
of the cavernous type. In our cases, many showed the capillary type of angioma
and two with nroliferative changes suggested malignant change.

. L ., but not always, benign. They show vary-
MY uvgrest e e ; 1e younger the patient, the more ceffective
the irradiation, This factor is also present in angiomas found in other party of the
body. Isolated examples may be pointed out as having been cured by roentgen
therapy alone or by surgical intervention.
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Fic 24B —Photomicrograph of tumor tissue removed fro

e the 1 !
i\lote the elongated spindle cells with many large giant cells ﬂn“d S:Z:mtlcx:lggn?;(}ﬂ:ntlf .% I.I:Nll\
ine up m parallel rows. Such tumors microscopically may be graded according to c:]Iutia;(;’

Occasionally lymphangioma 15 noted, involving one or more bones with change:
much like those seen in angioma. In one case marked resorption of bon ructore
was noted mn the schium and lium (Figs. 26A and 26B). The surro . ?‘mcmre
parts show invasion by the lymphangiomatous process. A\.hcrosco r::caul'l] Tg SUIft
z_}x;lglc;matokus cl'mnncls were noted, some of which were quite dllnlgd (F)xl Y;gg )
;m:; g:gﬁf,‘-?‘:mmug tissue was ¥ iated with lations of lymgllu:cyte)s.

id tissue. Bone surrounding re: i i i
of osteoblastic activity. The trenlmentlgs Iaiugl;ll);‘;:n?tr:jstor er‘:)eeaxjtegelllﬂt‘lll(;r:;;}cncc
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B
Fic. 25.—Roentgenograms of angioma mvohng the first lumbar vestebra, The rarefaction has a
Ene honcycombed appearance and delicate radiating spicules of new bone are sen
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1 a lymphangioma s ol g the femur, pehs,
" 1e destruction at the upper end of the femur,
--= -~ ~v weoe 1 the lateral view of tﬁe sacrum and m the
fourth and Bfth lumbar vertebrae Soft Part issues were also 1 aded

(Case of Dr. W H. Buckel, by Courtesy of the Mayo Choe)
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Chordoma 15 a rare malignant neoplasm found near the spheno-oceipital or
sacrococcygeal regions, thought to anse from remnants of the notochord Rarely
these tumors have been found at various levels of the spinal column. Young adults
and children are usually the age groups affected by the discase. The symptoms
vary with the location Intracranial symptoms or symptoms from spinal cord and
nerve mvolvement may be observed. A tumor m the cervical region may produce
pharyngeal symptoms. The tumor is of slow growth but kills by invasion of vital
structures Twenty-seven per cent of the growths are said to metastasize. The

Flc 26C h h of ] h {t tssue obtaned from the lesion shown m

Fig 26A Note the I)‘mph:mglomawus spaces imading muscle and areolar tissue lined by cndo-

thehum with accumulations of lymphoid cells m the fissues surroundmg the lymphangiomatous
spaces

roentgenogram usually shows destruction of bone associated with a soft part
shadow The microscopic picture is variable Solid cords of polyhedral and
globular cells, m some 1nstances becoming more vacuolated and having a homo-
matrix bl hyaline cartilage, are seen.
Great difficulty is expenienced m differentiating them from atypical chondromas
and mucoid carcimoma arising in the gastro-intestinal tract.
Irradiation has httle effect on chordomas Surgical excision 1s the treatment of
choice, but recurrence 1s the rule
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Myosarcoma and liposarcoma are accasionally found invading bone and must
be considered in the differential diagnosis of a variety of conditions under which
neoplastic inyasion of hone may vees.
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Internal Derangements of the Knee
EDWIN F. CAVE, MD.

¥ ALL THE joints of the body, the hnee is the one most frequently subjected
O to trauma, and of the weight-bearing joints, it is, becavse of its anatomic
structure, the least able to withstand injury. It must rely entirely upon muscular
and ligamentous structures for its support, as contrasted to the hip and ankle
which are rendered less volnerable by their ball and sochet, and mortice arrange-
ments respectively,

ANATOMY

The supporting structures of the knee are anteriorly, the extensor apparatus and
lateral expansions; laterally, the jomt capsule, the eaternal fibulofemoral ligament,
the pophteus tendon, the ilotibial band, and the biceps tendon; posteriorly, the
two heads of the gastrocnemius, the biceps tendon, the posterior capsule, the
popliteus muscle, and the inner hamstring tendons; mesially, the inner hamstring
tendons, the mesial joint capsule, the tibiofemoral ligament, the gracilis and
sattorius tendons, and the quadriceps expansion. Internally, the joint js firmly
supported by the anterior and posterior cruciate ligaments (Fxgs. land 2).
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INTERNAL DERANGEMENTS OF THE KNEE 445

Bom Arcurucrune

The femoral condyles are cunved in o conves manner to fit into the concave
compartments of the tibial head. The maximum enrve of the femoral condyles
occurs slightly posterior to the midline when viewed laterally, so that the greatest
compression Dbetween the femoral and tibial condyles occurs at these points, as
frequently happens in semil cartilage injury. The lateral condyle is smaller
than the mesial one, and this deficiency is at times so marked that Jateral displace-
ment of the patella may oceur. The patella, the largest sesamoid bone and an
important part of the exlensor apparatus, rides in the groove between the femoral
condyles during flexion and extension of the joint, creating a constant source of
friction, resulting in the carliest hypertrophic changes in the joint as age pro-
gresses. The semilunar cartilages are rudimentary affairs and represent remains
of true cartilaginous cushions {ound in the lower vertebrates. In man, it is doubt-
ful that they serve any important function.

EXAMINATION OF THE KNEE

As in any physical examination, the kuee must be examined in a routine and
systematic manner (Fig. 3).

Merion

The patient sits on an examinng table with both lower eatremities exposed, and
knees relaxed in flexion at approximately 90°, with the feet hanging toward the
foor. The examiner sits facing the patient.

Inspection. As the extremty is viewed, one looks for atrophy of the thigh
muscles, swelling, or discoloration, obvious shortening or lengthening of the
extremity, or gross deformity of any sort.

Palpation. The two knees are palpated at the same time, in flexion and later in
extension The more painful parts should be examined last. The surface tempera-
ture is noted. The structures are palpated in a systematic manner, as follows: thigh
muscles, quadriceps tendon, patella, infrapatellar fat pad, patellar tendon, tibial
tubercle, internal tibiofe: I fossa, internal jont line, femoral and tibial attach-
ments of the internal collateral hgament, hamstring tendons, popliteal space,
external tibiofemoral fossa, external joint line, and fibulofemoral attachments of
the external collateral hgament. If there is thickening of the synovia or increased
fluid in the joint 1t should be noted.

These structures should be palpated in flexion as well as in etension, and in
extension the patella should be tested for stability, for hmitation of motion, or for
crepitation between the patella and femur ’

The various regions can be palpated as the knee 1s brought from a flexed to an
extended position and vice versa.

) Motion. Flexion 1s measured in degrees from complete extension, Hyperexten-
sion should be recorded in degrees, and when there 1s loss of complete eatension,
this should be recorded i degrees of permanent flexion. ’

1Stalnlt’ly. '.I‘he stability of the knee should be tested at 90° flexion, and n com-
Dlete extension. If in flexion the tibia can be displaced forward on the femur, it is
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Boxy ArcusTi Crunt:

The femoral condyles are curved o a conves manner o fit fnto the concave
compartments of the tibial head. The maximum curve of the femoral condyles
accurs slightly postesior to the midline when viewed laterally, so that the greatest
compression between the femoral and tibial condyles accurs at these points, as
frequently happens in i} cartilage injury. The lateral condyle is smaller
than the mesial one, and this deficiency is at times so marked that lateral displace-
ment of the patella may occur. The patella, the largest sesamoid bone and an
important part of the extensor apparatus, rides in the groove between the femoral
condyles during flevion and eatension of the joint, creating a constant source of
friction, resulting in the easliest hypestrophic changes in the joint as age pro-
gresses The semilunar cartilages are rudimentary affairs and represent remains
of true cartilaginous cushions found m the lower vertebrates. In man, it is doubt-
ful that they serve any important function,

EXAMINATION OF THE KNEE

As m any physical examination, the knec must be examined in a routine and
systematic manner (Fig, 3).

Mernop

The patient sits on an examining table with both lower extremities eposed, and
knees relaxed in flexion at approsimately 90°, with the feet hanging toward the
floor The eaaminer sits facing the patient. i

Inspection. As the extremuty is viewed, one locks for atrophy of the thigh
muscles, swelling, or discoloration, obvious shortening or Tengthening of tg;c
extrenity, or grogs deformuty of any sort.

Palpation The two knees ae palpated at the same time, in flexion and later i
extension, The more painful parts should be examined last, The surface tempe, .
ture is noted The structures are palpated m a systematic manner, as follows: {1 .rfl)-
muscles, quadriceps tendon, patella, infrapatellar fat pad, patcilar tendon. t;:b;
tubercle, mternal tibiofe I fossa, internal joint line, femoral and tiby, 1 " tach
ments of the internal collateral ligament, hnmsln’ng tendens, i) tach-
external tibiofemoral fossa, external joint line, and ﬁbulofcmor,a o
the eaternal collateral lipament If there is thickenin,
fluid in the joint it should be noted.

These structures should be palpated in flesion as well
eatension the patella should be tested for stability,
cr;!)}itation between the patella and femur.

e varous regions can be palpated i
extended posltiox% and vice verpsa.p o the knee i brought from a flesed 1o an

I\luﬁonidF,iexion is measured n degrees from com
sion should be recorded in degrees, and
this should be recorded in degrees of pe:vl:::eg)teili;'s Joss of complete extension,

Stability. The stability of the knee should be testec;‘m‘
plete extension If in flenion the tibia can be displaced

pliteal space,
1 attachments of
g of the synovia or increased

as m extension, and in
for hmitation of motion, or for

plete extension, Hypererten.

?t 90° (iliexmu, and in come
orward on |t
the femur, ¢ i



and testing of motion

pection, palpation,

Fic 3.—Exanunation of the hace. ins]
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probable that there is injury to the anterior cruciate ligament. If it can !)L dis-
placed backward, damage to the posterior cruciate should be suspected (Fig 4).

Stance and Gait. As the patient stauds and walks, the general contour ({f the
lower cxtiemity is noted, and the presence of pronation or other abuornmality of
the feet should be recorded,

NORM AL RUPTUNED ANT [CRUCIAL LIG RUPTYURED POSY. CAUCIAL L1D

Fic 4 —Injury to cruciate higaments, Damage to the antenor cructate hgament allows forward
displacement of the tibia on the femur. Injury to the postenor cructate higaument pernts antenor
displacement of the femur on the b,

Measurements. For length, one should measure from the anterosuperior spines
of the pelvis to the internal malleoli. Circumferential measurements 8 in, above,
410 above, midpatella, and at mid-calf should be taken.

Examunation of the jomnts above and below the knee should be carried out,
namely, palpation and motions of the hip, ankle, and foot,

Reflexes. Knee jerks and ankle jerks must be tested,

TRAUMATIC CONDITIONS OF THE KNEE

The vast majority of injuries to the knee joint result from indirect trauma, as
sustained from a twist or strain, rather than from a direct blow, The more common
conditions resulting from this type of force are strain of the ligamentous support,
particularly that of the internal Jateral ligament, and mjury to the sermlunar car-

tilages Injuries to other external higameuts, the cruciate igaments, or the articular
surfaces occur less frequently.

InjurY To THE INTERNAL COLLATERAL LiGAMENT

Stran of the mternal lateral ligament 1s sustained by torced abduction of the
leg on the thigh. or adduction of the knee (Fig. 5). This injury may result
partial or complete tear of the higament, and the site of injury 1s almos{mlwfn ¢ ":
its femoral attachment, and less often at the joint line. Characterishie :\nn;)im;ls

lerness,
- - lateral

AZAIEILT.
BUNIELT. 10e A1agnoss Js based on an analysis of the type of injury sustamed, on
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objective symptoms, and on the absence of signs suggestive of inteinal sermlunar
cartilage 1njury, although there may be, at tunes, an associated injury to this
structure, Roentgenograms are usually negative, save for increased dcnsny due to
excessive joint fluid.

Treatment of internal lateral Iigament strains should consist of rest in bed, if
the wnjury 15 severe, with local applications of cold or heat for three or four days
At the end of this time, the patient may be allowed up with the knee securely

Fic 5 —Adduction injury to the knee There 15 sharp adduction of the knee which stramns the
wternal lateral hgament™ If the force 1s sufficiently great, the lateral femoral umdfle may be

driven mto the latcral tibial condyle and produce a compression fractare of the latter bone

strapped on the mesial and anterior aspects, and the strapping remforced with an

ace bandage. The ~ vere tears
1f the tear 15 comp ata should
be carned out If t} semmlunar

cartilage at the same time, as its attachment to the internal lateral ligament will
have been severed. Careful inspection of the remammng components should be
carried out, and if there 15 a tear of the cruciate ligaments, they should be repaned.

INjury TO THE CRUCIATE L1GAMENTS

A severe twisting mjury is required to tear the cruciate ligaments. Injury to
these ligaments is frequently associated with semilunar cartilage injury, and may
be sustaned by the same mechanism. The tear 1s more often incurred 1 the
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antenor cruciate than the posterior, and usually oceurs in .lpprmhn.nuly the
central portion of the ligament, where nutrition is the poorest, and, consequently,
healing does not occur, Not infrequently, the diagnosis will not be made ]?L‘(f:lllsc
of failure ta test stability of the hnee in flesion at the time of injury. Often it is not
until after months have clapsed that the patient becomes conscious of marked
relaxation of the joint due to damage to onc or both cruciate ligaments.

The diagnosis can be made only by testing stability of the huee at 90° flesion.
If in this position the tibia can be displaced forward on the femur, a fear, or at
least relaxation of the anterfor cruciate must be suspected; if the tibia can be
displaced backward abnormally, injury to the posterior eruciate ligament is prob-
able (Fig. 4).

Treatment. The only real hope of restoring continuity of the torn cruciate liga-
ment is to make the diagnosis within a few hours after injury, and perform an
carly operation to repair the tear. Usually a badly injured knce is too painful to
examine adequately; therefore, in all severe knee injuries, examination of the
joint under anesthesia is justified. If cruciate ligament injury is thought to he
present, immediate operation through an adequate incision is indicated.

For the old cruciate ligament injury no satisfactory operation has as yet been
umiformly successful. Thus far, any procedurc which has been devised to stabilize
the knee sufficiently limits motion too much and, therefore, is not justified. Con-
sequently, the greatest hope for any knee with relaxation due to the cruciate
ligament injury which has eaisted for months is to rebuild a strong quadriceps
group of muscles with resistance exercises.

SEMILUNAR CaRTILAGE INJURIES

Internal derangement of the kuee, the most common cause of which is injury to
the semilunar cartilages, is, mn the vast majonty of cases, sustained by indirect
trauma (Fig. 6). The mechanism of injury to the semlunar cartilages is not
always easy to determine, for it is frequently difficult for the patient to recall the
exact way in which the trauma was sustamed. The iternal semilunar cartilage is
usually injured by sudden external rotation of the thigh on the fixed leg, and
abduction, and extension of the knee. This maneuver results in a tear of the
anterior or mestal portion of the internal semilunar cartilage; it may spht longi-
tudinally, or be torn completely from its moorings. The mnternal lateral Iizament
at the attachment of the semilunar cartilage to 1ts posterior part remains int:ct but
the attachment of the anterior horn, or weak coronary attachments, or both’ are
ruptured. The anterior portion of the cartilage is displaced, usually m\vard’ the
intenor of the joint. As its normal elasticity is interfered with, it is often impossible
for it to retrace its steps, so that when extension 1s attempted, the displaced portio
of the cartilage is pinched between the inner condyles of the femur 'mtll) (ib':
The posterior portion of the nternal mensscus may be injured by forcxblle exte; N l
rotation of the femur on the fixed tibia, combined with flexion, Durin, the e
ment, the postenior part of the mternal femoral condyle at .lhe magii msl e
sweeps across the posterior end of the meniscus, and if violent flexion socurs, the
latter is liable to be split or detached When rotation is m dd b
zegere, the internal meniscus may be torn from its attnch:]Zts uto telxll and tmcre

. ’ e posteri,
ers of the internal lateral ligament, If abduction of the legisa marketll fe::lﬁ;
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of the jury, both portions of the ligament may be seveicly stretched, or even
ruptured, as in the case of internal lateral ligament tears, and the middle portion
of the cartilage may shp mto the ntenor of the joint when extension occurs When
this happens, the cartilage may be split longitudinally, producmyg the typical
“bucket-handle” type of lesion, This cannot uniformly be the cause of the “bucket-
handle” type of sphit, however, since frequently at operation with this type of
lesion, we find the outer portion frmly and apparently normally attached to the
internal lateral higament. The most common type of injury to the internal semi-

INJURY TO E: rm;nll. SEMILUNAR CANTILACE INJURY TO INTERNAL SEMILUNAR CARTILAGE
i H ¢
]

FLEXON-
INWARD ROTATION OF
FENUR DM FIXZD TIDIA
EXTENSION

FLEON-
EXT ROTATION OF FENUR
oN FIXED TIBIA

EXTENSION

Fic 6 ~Mechanism of injury to the semilunar cartilages,

lunar cartilage 1s the longitudmnal sphit There have been no instances of transverse
split of this structure in a series of 200 internal semulunar cartilages 1emoved
during a 10-year period. These 200 cases represent 68 per cent of the total cases
in our series of mienal derangement of the knee. Damage to the postertor portion
of the mternal semifunar cartilage may result from the mechamsm as described
above, but it may also come from compression of this part of the meniscus, such
as that which occurs when the patient acutely fleses the knee, as in squatting,
This hind of compression of the meniscus occurred in the following case.

A chauffeur, aged 30, was squatting to change an automobule tire, After assum-



INTERNAL DERANGEMENTS OF THE KNEE 451

ing the position for approximately 15 minutes, on arising and attempting to extend
his knee, he found he was unable to do so. This difficulty persisted and was accom-
panied by pain and swelling in the joint, and one week later aperation revealed a
tear of the posterior third of the internal meniseus, with a free fragment attached
by only a small pedicle and lying between the posterior portions of the tibial and
femoral condyles. R 1 of the entire i gave complete relief.

In the case of injury to the external semilunar cartilage, of which there were
only 19 cases, or 10 per cent of our cases, there is usually internal rotation of the
femur on the fired tibia, in the flexcd position, plus adduction of the knee, Injury
to, or displacement of, the posterior horn of the eaternal meniscus, which is not
an infrequent occurrence, is probably due to internal rotation of the femur on the
fived tibia, combined with severe flexion.

BN N el

| el
-l

|

Fic 7-(A) Multiple mjuries to internal scoulunar
cartilage. (B) Splt g
of the mesial memiscus with “lo?fc b(od))' Sl of the posterior thurd

fSymlzlmms and Signs.. A few symptoms and signs are regarded as characteristic
of semilunar cartilage injury. In a high percentage of a large senies of cases, there
}vegse recurrent attacks of pain in 97 per cent, loching mn 70 per cent, and swelling
mt hper cent. Once a semilunar cartilage is split longitudnally (Fig. 7), it doei
:oam.eult.and recurrences can be expected Characteristic findings on ,pl\ysiml
o:fc oulrna ion alre a;mp;ly ofdthe quadriceps muscles, which occurred in 68 per cent
cases, locahized tenderness, and abnormal promi
the jomt line, which was found m 88 inemased flud, o the memseus at
3 per cent, increased fluid, occurring i
cent of the cases, and limited motion, particularly “fixed ﬂ,e i ;] e 5'0 Y
ber cont. xion,” found in 63
Roentgenographic Findings. In the uncomplicated meniscus injury cases, th
, the

roen “ "

mlmteg;np(r:g; wnl} l:]e negative,” unless by chance there is calaification of the

e 100:3 gf he szmﬂufmr cartilage. This is extremely rare, but should

P 1(,“’ and a q:ﬁerentlal diagnosis made between a ’calmﬁ d
oose body” free in the knee jomnt. It has not been our pmc(iceetoC:sre-

pneumnrﬂlrogmms. If the history is analyzed, and a careful physical examinat
ination



452 MONOGRAPHS ON SURGERY

1s made, we believe that the p throgram is y, and that at times
it may be misleading.

In evaluating 2 patient with an injured meniscus, it 1s important to determine
whether there are associated difficultzes in the knee joint. In our series, 19 per cent
of cases had injury to structures other than the memscus, detected preoperately
or at operation These associated changes were as follows: osteochondntis of the
femoral condyle, cruciate lig; t injury, chond 1 of the patella, trau-
matic arthnitis i the knee joint, giant cell tumor of the knee jont capsule, calcifica-
tion of the tip of the meniscus, and intra-articular gangha.

Prognosis, If an injured meniscus not comphicated by other joint changes is
carefully removed with atraumatic technsc, one can espect that the patient will
be completely relieved and return to a normal existence. Postoperatn e rehabilita-
tron of the extremity and the patient as a whole 1s essential. If this 15 not carred
out, results will not be entirely satisfactory.

Treatment. Onginal Injury. When a patient presents humself with an acute
mjury to the knee, the first duties of the exammning physician are to make an
accurate diagnosts by taking a careful history of the mechanism of the injury,
to do a careful local examnation, and if possible to take roentgenograms before
tieatment is attempted If, in addition to pam and swelling of the knees, there is
flexton deformuty, probably the most important thing to accomplish is to gamn and
mamtain complete extension of the knee as soon as posstble. This can be accom-
plished by putting the patient to bed and applying local applications of cald or
heat, and encouraging him gradually to straighten the knee; or by gentle
mamipulation, if necessary under anesthesia. Many flexion deformities will be due
only to Iigament stran and secondary hamstring muscle spasm, but some will be
caused by a displaced semilunar cartilage, If the surgeon can be reasonably certain
that the meniscus 1s damaged and displaced, the earlier the gentle manipulation
is carried out, the better This should never be done with force. To do so will not
only cause severe pam, but will also increase the damage to the cartilage, Many
of these injured knees will straighten as soon as the patient is anesthetized, while
others must be gently brought to extension without force, It 1s npossible to tell
whether the mnjured memscus has been replaced to its normal position by manip-
ulation. But if extension can be gamed, the surgeon should continue conservatie
treatment, consisting of adhesive strapping over the anterior aspects of the knee
from mid-thigh to mid-leg, renewed at weehly ntervals for three weeks. Durmg
thus time, the patient is allowed up with crutches and must do quadriceps set-
ting exercises At the end of three weeks, motion in flevion 1s allowed and the
patient wears an elastic bandage to the knee until muscular support is strong
Quadnceps exercises are contmued until normal size and strength of the thigh
muscles are restored. If the knee remams “loched” in flexion, 1t ndicates that the
displaced cartilage 1s mterposed between the tibia and femur and operation is
necessary.

Recurrent Meniscus Injuries. Unless the injury to the meniscus 1s a peripheral
one, the damaged portion does not heal, because only at the perphery does the
senulunar cartilage have a blood supply. Therefore, with the usual case, once the
meniscus is split, it never heals and recurrent attacks of pamn and “catching or
loching” can be predicted, unless the patient uses his knee for restricted activity
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1f recurrent attacks do eccur, operative removal of the damaged meniseus is
mdicated, not only to relicve symptoms, but alse to prevent (]:llll:\gc to the
articular surfaces of the femur and tibia by the hypermobife fibrocastilage. )

A satisfactory technic is as follows: The patient is instructed in quadriceps
sctting exercises prior to entering the hospital. UHe is hospitalized the day l)c.(or'c
the operation, and a careful preparation of the eatremuty from toes to groin is
carried out by manjcuring the toe wails, carefully shaving the entire leg :md. thigh,
and gently scrubbing with soap, water, and alcohol. The extremity, including the
foot, should be covered with one layer of sterile stockinette or towel. Anesthesia
may be general or spinal, The method of preparing the shin and draping the leg
on the aperating table is a matter of choice of the individual surgeon. The opera-
tion is done under a pneumatic tourniquet which is inflated after the leg has been
elevated for five minutes. If the surgeon is reasonably cestain that the injury is
confined to the semlunar cartilage and s in the anterior or mesial portion, he is
justified m using one of the restricted anterior incisions { Fisher; Jones). If the
lesion appears to be m the posterior portiou, the “combined” incision is rec-
ommended, and if there is doubt as to whether the disability necessitating surgery
is confined to the meniscus, or if there is evidence of associated lesions, one should
then employ the parapatellar approach, through which the joint can be esplored.

Rehobilitation The day after operation, quadriceps setting eaercises are con-
tinued and are done at stated mtervals during the day. As the patient js able to
lift the leg from the bed with the knee straight, he is allowed up on crutches, and
evercises m eatension are continued. It is unnecessary to exercise the knee in
flexion, Crutches are usually discarded at the end of a week or 10 days, the stitches
are removed, and vigorous eaercises are undertaken, For these, the patient sits
with lus leg over the side of a table with a weight of 2 to 3 pounds secured to the
foot, and brings the knee from flexion to an extended position an increasing num-

ber of times, in order to rebuild the quadriceps muscles. The technic of Délorme
for muscle rehabilitation is recommended.

CONGENITAL ANOMALIES OF THE KNEE JOINT

The g 1 anomalies ed in the knee jomt, which may
require surgery, are a discoid meniscus and hemiations of the posterior capsule,

Congenital subluxation of the jomt and absence of the patella are less common
variations

Discomp MeNiscus

In our series of cases, the discord meniscus occurred i
anomaly mvolves the external meniscus more fre
toms are most apt to occur in childre:

n 2.4 per cent. This
q(;xelmly than the internal, Symp-
0 o1 young adults, and ma; i

without injury. The outstanding compl}:,iint gis a p;,unful Sn};;(:imne osuex‘)‘:ttl} -
accompamed by an audible click, thud, or jar when the kneé 'gﬂ da and
extended. A palpable tender mass may be felt alon ond s
mence is exaggerated as the knee is brought from
The roentgen films are usually negative,
lateral compartment in the anteroposter;

and
g the joint line, and its prom-
a flexed Pposition to eatension,
.but may show abnormal widening of the
ior view. The treatment of this condition
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15 surgical. The approach 1s made with one of the usual mcisions (Fisher; Jones).
The discoid member may be found ntact or spht (Fig 8) and occupies a large
portion of the space between the femur and tibia. Excision is accomplished with-
out difficulty, and the 1esults are umformly good, except, perhaps, for some
1esidual relaxation of the jomt,

PR

Fic 8 —Congemtal discord lateral meniscus, supenor and mferior surfaces.

GancLia oF THE KNEE JoINT

Gangha develop more frequently from the knee jomnt than fiom any other jomnt
save the wnst, The majonty comes from an outpocketing of the joint capsule 1tself,
but some develop from tendon sheaths, particularly the semitendinosus and semi-
membranosus tendons, The ganglia onginating from the joint itself may be
d d under three sep headngs, ding to etiology.

Baker's Cyst (Congemital Ganglia) This condition occurs mn cluldren, is re-
garded as beng due to a congenital weakness 1n the posteromesial capsule, and
mamfests itself by a swellng varying m size from that of a walnut to a small
orange over the mesial aspect of the popliteal space, It is relatively painless, but
may be d with mild d fort in the jomt, increased fluid 1n the knee,
and some linutation of motion, particularly i flexion. It represents a true hernia
of the joint, and 1t always occurs at the weakest point in the popliteal space, ie.,
mesially between the mesial gastrocnemius head and the mesial hamstrmg
tendons

Treatment: Exciston of the mass, with ligation of the pedicle, gives rehef.

The Traumatic Ganglion This condition usually follows some form of twisting
injury to the knee, and 1s frequently associated with internal derangement, 1e.,
sermunar cartilage mjury The herniation 15 almost always in the mesial portion
of the pophteal space. Symptoms are those of discomfort 1n the knee, particularly
m the posterior aspect. Examination reveals a visible and palpable mass n the
popliteal space, more noticeable in extension of the knee, and down along the
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border of the inner g:\strocncmius head. There §s also, as a rule, moderate synovitis
m the knee.

Treatment: 1 symptoms are more than mild, excision of the mass is indicated.

The Degenerative Ganglion. This veeuss cderly people and is associated
with a degenerative or hypertrophic asthrtis of the knee. Usually symptoms are
not severe, but 5f they are disabling, excision af the ganglionic mass should he
done. Recutrence of the ganglion is not ynusual in this type, because of the poor
ability of the tissues to heal satisfactorily ut the pedicle after excision.,

CYSTIC DEGENERATION OF THE SEMILUNAR CARTILAGE

Cyst fonnation is rarcly associated with the internal meniscus, but is not un-
common in connection with the eternaly these swere 8 such cases in our series,
1 of the mternal, and 7 of the external senulunar eartilage. There may be a history
of injury, and at operation one frequently finds a transverse split in the cartilage
opposite the cyst at the periphery (Fig. 9A). The symptoms are not those of

ll“'J“Hllm'““i““'l”r'm'n“ln”‘nulw

g
Fre. 9A~Cyst of the lateral scmlunar cartilage assocrated with transy erse sphit m the memscus,

severe internal derangement, but are characterrzed by an indefinite, vague pain,
more or less localized to the side of the knee, made worse by walkix’xg and 3)1"1'.’:;
pamful at msht after the patient has been on his feet durmer tha dav s 001 14
at esamination are characteristic; the ha ;
from that of a cherry to a walnut, usually ’
::nt‘l;e ]tewl of, and dissecting 1ts way inferior or superior to the joint line. It is
p fr @ stony pressure. There may be associated atrophy of the thigh usclos

ue to prolonged misuse of the extremuly, and the synovial flud > {“USCIES
be moderately increased. Motions . el Join may

of the knee, howev
the stability of the Joint 15, as a rule, not disturbed, 766 are usually normal, and
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is surgical. The approach 1s made with one of the usual meisions (Fisher; Jones ).
The discoid member may be found intact or splt (Fig 8) and occupies a large
portion of the space between the femur and tibia. Excision is accomplished with-
out difficulty, and the results are umformly good, except, perhaps, for some
residual relaxation of the jomt,

Fic, 8 —Congemtal discoid lateral memiscus, supenor and infertor surfaces

GancL1A OF THE KNEE JoinT

Ganglia develop more frequently from the hnee jomt than from any other jomt
save the wnist. The majonty comes from an outpocheting of the joint capsule itself,
but some develop from tendon sheaths, particularly the semitendinosus and semi-
membranosus tendons. The ganglia originating from the joint itself may be
discussed under three separate headings, according to etiology.

Baker's Cyst (Congenital Gangha). This condition occurs in children, 15 re-
garded as being due to a congemital weakness in the posteromesial capsule, and
manifests itself by a swelling varying in size from that of a walnut to a small
orange over the mesal aspect of the popliteal space. It is relatively painless, but
may be d with mld d fort in the jount, increased fluid m the knee,
and some limitation of motion, particularly in flexion It represents a true hernia
of the jomt, and it always occurs at the weakest powt in the pophteal space, 1¢.,
mesially between the mesial gastrocnemius head and the mesial hamstring
tendons

Treatment. Excision of the mass, with higation of the pedicle, gives relief.

The Traumatic Ganglion, This condition usually follows some form of twisting
wjury to the knee, and 15 frequently associated with internal derangement, ie.,
semulunar cartilage mjury. The herniation is almost always mn the mesial portion
of the pophtcal space. Symptoms are those of discomfort in the knee, particularly
m the postenior aspect. Examnation reveals a visible and palpable mass i the
popliteal space, more noticeable in extension of the knee, and down along the
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bosder of the inner gastroenemius head. There is also, as a rule, moderate synovitis
in the hnee.

Treatment: H symptoms are more than mild, excision of the mass is mdicated.

The Degencratice Ganglton. This vecurs in elderly people and is associated
with a degenerative or hypertrophic arthritis of the knee. Usually symptoms are
not severe, but of they are disabling, evcision of the ganglionic mass shoold be
done, Recarrence of the ganglion is not unusual in this type, because of the poor
altlity of the tissues to heal satisfactorily at the pedicle after excision.,

CYSTIC DEGENERATION OF THE SEMILUNAR CARTILAGE

Cyst formation is rarcly assoctated with the internal meniscus, but is not un-
common in conneetion with the external; there were 8 such cases in our series,
1 of the mternal, and 7 of the esternal semilunar cartilage. There may be a history
of injury, and at operation one frequently finds a transverse split in the cartilage
upposite the cyst at the periphery (Fig. 9A). The symptoms are not those of

e L R e

Fic 94 ~Cyst of the lateral semulunar cartilage associated with transserse spht mn the menscas.

severe internal derangement, but are characterized i ite, v: i
more or less Iacalizedglo the side of the knce, made E\yo;‘s“e ll?;rle\g‘;]llltxe;x \ngU; pl:““’
E;n:ful at night after the patient has been on his feet during the day. '%"hznﬁn:l)h:ers'
.fm Aa;lnmauon are characteristic, the hard swelling (Fig. 9B) varymg in hy
m that of a cherry to a \Evalnut, usually lies just anterior to the, latera} Jgigam::tc
at ) I way mnferior or superior to the joint Ij is
dued: ;,01- :I::ngdp:lsssurc. ’frl;ere may be associated atrophy of the] th]itgl]l"::;xslct]el:
o modemm]g - use of the extremity, and the synovial fluid in the jo; ;
rately increased. Motions of the knee, howe o Join may
the stability of the joint is, as a rule, not disturi)ed e re usually normal, and
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Usually the only reason for operative removal of the eystic meniscus is pain,
and this varies from time to time, If, however, there is an associated split of the
there probably will be “catching” or “locking” of the knee, which are

defintte indications for operation, The meniscus and cyst are removed as one.

Fic 9B —Cyst of the lateral memscus.

OSTEOCHONDRITIS DISSECANS

This condition may oceur in any jost, but is most common in the knee, and
begns without definitely known imjury. The age at onset is usually in puberty or
carly adolescence, and it is more common in boys than i girls, The cause of
osteochondritis dissecans is not well understood, but presumably 1t is due to an
infarct involving the subchondral bone and resulting in mterruption of the blood
supply to the mvolved area of bone and articular castilage, which in time produces
aseptic necrosis of the invohed portion of the articular surface. This area may
remain intact, but usually becomes loose and creates abnormal friction between
the jomnt surfaces or may become completely detached, and move about in the
joint as a “loose body ” The lesion is most common in the internal femoral condyle,
sccondly, in the patella, and thirdly, 1n the external femoral condyle. We have not
seen it involve the tibia,

Symptoms are those of pain and swelling, occurring usually without a history
of injury, and accompanied on exammation by a fullness of the knee, mcreased
surface temperature, possibly tenderness over the involved articular surface, and
restriction of motions at the extreme Roentgenograms early n the disease may
be completely normal, but as the area of aseptic necrosis develops, a line of
demarcation will appear around the involved region (Fig 10).

Treatment. Unless the surgeon believes that the “loose body” is cither free m
the joumt or is attached by only a small pedicle, creating marked friction i the
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joint, surgery is not indicated. In fact, to excisc one of these aceas over which
there is intact articular cartilage continuaus with the joint surface is to do harm.
Therefore, in most casts, conservative treatment is indicated, namely, qu.n]riccps
exercises, extesnal support, .. - . . Whether these
arcas of “aseptic nectosis” eves .o oo * 1 hey may remain
quiescent if severe injury to the joint can be svoided. Attempts to revascularize
the avascular fragment by the use of fine multiple dnll holes through the area into
the subchondral bone have not been suceessful. 1€ the “body™ becomes free in the
joint, then removal is indicated.

Fic 10.—Osteochondntis dissecans.

OSTEOCHONDROMATOSIS

de?slt:gchm;drm:iat?sxs 15 ﬂ? condition in which multiple cartilaginous loose bodies
velop apparently from the synovial lining of the joint wi
t without knor
1s responsible for symptoms of pain, swelli imitab e
s or 3 ng, limitat i i
locking of the joint. A typical case is dcscnbged: ron of mation, and, at times,

JHC (No. 580557), male, aged 27, was se

;:;iuf\l onset of plam, swelling, and limitation og nm:)rtliol: l:)ef %}?: 71"1' ?ﬁmﬁl“"’i"g of a
four 13e iaisnpre\wus ?'.lThgre was 1o history of injury. Examnation re% eal d‘ee s
e See,nsyxllm ’R‘ thickening, and a feeling of loose bodes, or s »nme I;tl Tm‘ke‘i]y
P ep ax?duc 1.“ e[se were tender, as was also the mternal loint)lmemTl-‘ s in the
jot e an d];opx eal space were negative. The patella moved freel " Th‘e sxermal

eformity of 40°, with further flexion to 60°. Attempted ir;okioereb‘ms 3

ns beyon

this range were ve P e o
t g ery pamful. Roentgenograms of the knee were normal except f
, or

soft tissue ¢ P
b ossible
o were v

inflammatory process, tuberculosis, or osteochondromn!osi:)“m fal sumor, a nonspecific

peration was done on July 2, 1947. Through a median parapatellar mcision th
0O parap: n, the
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joint was found to contain multiple loose cartilaginous bodies (Fig. 11), and approu-
mately 40 ce. of thick turbid fluid, apparently contamning some fibrin. The synovia was
moderately thickened and congested There was mild chondromalacia of the nfenor
surfaces of the patella. The semlunar cartilages and eruciate hgaments were ntact.
The articular surfaces of the bbia and femur were normal Al visible loose bodes were
removed, and the jomt thoroughly ungated with salne solubion Postoperative con-
valescence was uneventful, Patient was gnen rehabilitation evercises, and was last
seen Maich 12, 1948, erght months after operation, at which time he had a normal
range o{ motion, good stability, no increase m jomnt fud, and only ¥ in. atrophy of
the thigh.

Fic 11 ~Chond more than 100 laginous loose bodies remor ed from 1he knee jomt

THE PATELLA

The patella, which 1s the largest sesamord bone mn the body, foims an important
part of the eatensor mechamsm of the knee jomt, but because of its anatomic
relationship with the femoral condyles, 1t frequently plays a part m mechanical
derangement of the jomt. The patella noymally rides in the groove between the
condyles and creates a constant source of friction agawst the articular surfaces.
Also, because of its superficial position over the knee, 1t is subjected to repeated
trauma in the routine activity of the eatrenmty. It is, therefore, not surpnsing that
as age progresses, or as tiauma is sustamed by the knce, aiticular changes in the
Inee occur first between the patella and the femur Bennett, Wame, and Bauer
demonstrated this fact clearly m their study of knee jonts at vanous decades of
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Iife. These mechanical changes ase discussed under Chondromalacia and Hyper-
trophic Changes of the Patella

CLONDROMALACLA OF 111 PATLLLA

This condition presumably develops fom localized injury to the articular
surface of the boue. Nutntion to the articular cartilage is interrupted, and it
develops a shredded appearatice, with multiple striations in, and softening of,
the cartilage in the center of the area, down to the subchondral bone (Fig. 12).

A

Fic. 12 ~-(A) Chondromalacia of the pa
:J\e articular surface of the patells, and

astrable by roent-

- . . . =d N
masion. The articular surface of the patella 1s turned upward demonstrating ar:‘l::‘\t[:::?:lil:f:

of chondromalacia 1 the central
portion There was thinmng of th
of , he cartila; i
pect of the medial femoral condyle The synovia was mn[fl\cdly l}udyu:‘nc‘%‘le :':jrctohc' mtn(LIr
Roentgenograms were ¢ntirely normal. ngestes
(Reproduced by

of Surgery, Gi logy & Ob }

itr ;scxlz:;)::cc‘::n?mgnbm ‘;i'oung fmales, and the symptoms are gradual in onset and
& rized by discomfort 1n the knee, moderately i
) 3 ly increased fluid, sli
];::;;at;onf ;)lfl motion, and, most important of all, tenderess under the a;tisc:ﬁ::
Pm}]:k,go' ﬁe gfxtella. Cl;ondromalacm of the patella may be associated with other
1C 11D mgs, such as an U]ed sem; ) )
R e ) emilunar cartilage, or osteochondnitis
Roentgenographic Find
g dings In the early cases, the roen
. [ entgen rays of
?)re]us‘uu'lly negative, As. the disease progresses, however,gand t}heos:{:ehpme“ﬂ
bon e is involved, the articular surface of the patella may show some i chondsal
ny' n;:antgenogram. I.n the series of 11 cases of chondromalacia in i;éregulanty
ve knee arthrotomies, the roentgen rays of the patella were negz:l' c‘)l'lsec‘lxl-
ne m all.
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Theie may be, however, associated loose bodies demonstrable by roentgen ray.

Treatment, The form of treatment to be employed 1s determined by the seventy
of symptoms 1n the individual case. If the symptoms are mild and cause only an
occasional disability of the knee, even though the diagnosis of chondromalacia of
the patella may be reasonably certain, operation should not be carried out until
the patient has been observed over a period of time, and then only 1f symptoms
mcrease in sevenity. During this time, exercises to maintain strength in the quad-
riceps muscles should be carried out. In the patient with moderately severe symp-
toms with an occasional locking, or rather frequent catching of the knee which
may be followed by pain, swelling, and stiffness, operation 1s probably indicated.
These knees should be eaplored through a parapatellar incision, and if the area
of disintegrated cartilage is of moderate size, complete excision of the area should
be carried down to the bone. Loose cartilagmous bodies throughout the knee
should be searched for. If an extensive arca of chondromalacia is found, covering
essentally the entire surface of the patella, or if there is marked cburnation and
thickening of the patella, the fourth and final stage of the process, one of two
operative procedutes 1s indicated. (1) patellaplasty, consisting of horizontal
resection of approximately four-fifths of the patella with interposition between the
bony surfaces of the patella and femoral condyle of a flap of synovia, turned up
from the infrapatellar region, or (2) extirpation of the patella, It has not been
our practice to excise the patella unless the changes are extremely advanced.
Other authonties, however, have advocated excision of the patella in chondro-
malacia, notably Harris of Toronto.

HypERTROPIIIC PATELLA

The hypertrophic patella may repiesent an advanced stage of chondromalacia
of the patella, or may be a part of a generalized arthnitic process in the knee joint.
It usually occurs 1n the elderly adult, and 1s associated with other changes in the
joint, such as thickenmg of the synovia, spur formation and eburnation of the
articular cartilage, and partial disintegration of the )| cartilages. Symp-
toms are those of pain in the knee and recurrent swelling, probably a flexion
deformuty of the knee, limitation of motion, and pam aggravated by walking,
particularly on stairs or over uneven surfaces. Examination reveals, possibly,
flexion deformuty of the knee of 15 to 20° and a thickened joint throughout, the
thickening being confined particularly to the patella, which is bicadened as well.
Motion between the patella and the underlying femoral condyle is usually
markedly restricted There may be locking of the knee if there are associated loose
bodies in the jont. Symptoms are increased by actwvity.

Roentgenographic Changes. The roentgenograms reveal not only hypertrophic
changes throughout the joint, but also marked changes in the patella, consisting
in spur formation, thickenmg and broadening of the bone, There may be demon-
strable osteocartilaginous loose bodies by roentgenogram.

Conservative treatment consists of rest, local applications of heat, quadiiceps
exercises, and external support m the foim of an elastic knee-cap, attention to
shoes, and, possibly, arch supports.

Surgical Treatment. Here agamn a choice lics between eatirpation of the patella
and a patellaplasty. We have preferred patellaplasty, because we believe it is
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essential to maintain the continuity of the etensor mechanism of the knee joint
if 1t is at all possible. The hnee is, therefore, explored through a long parapatellar
incision and the patella is tumed so that it faces upward. Loose bodies are
searched for, and the remains of the disintegrated semilunar cartilages are re-
moved. The patella is thinned to “wafer” size (Fig. 13) with a saw, and a flap of
fat and synovia is turned upward from the wfrapatellar region and sutured to the
quadriceps tendos. As a rule, hy pertrophic spurs on the femoral condyles are not

A B [of
Fic. 13.-(A) Laterd ruentgenogram, befure aperation, (B) 18 months after operation, (C)
28 months after operation.
1] Beme & Jont Surg., 324:342, 1950)

removed, particularly if they are covered with articular cartilage. We believe that
to remos e these spurs simply creates a raw, bony surface which in time will cause
adhesions between the extensar apparatus and the underlying femur. Postopera-
tive treatment consists of carly and vigorous quadriceps exercises to restore and
maintain muscular strength in the quadriceps muscles. Crutches should be used
until muscular strength is suff to maintai lete eatension of the knee.

Rectezest Dustocatios aoF 1 PATELLA

One of the comumnon and severely disabling mechanical difficulties of the knee is
recurrent lateral dislocation of the patella. In general, there are two types, (1) the
so-called congenital type, and (2) the traumatic. The recurrent dislocation which
is referred to as the cungemtal type is due fo the anatomic arrangement of the
patella, and its relaticrahip to the lower extremity as a whole. Predisposing
anatomic defects are a severe knock knee, or a defective lateral femoral wnd)leb
both of which may allow the patella to be displaced lateral to the outer femorai
condyle during flexiom and extension of the knee.

If the condition exists in combination with a severe knock knee, it may be nec-
essary to do a supraamdylar ostentomy of the femur to correct the valaus position
of the kree, und thus restore the normal line of pull on the patella ﬁ'lrouoh the

g
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There may be, however, associated Joose bodies demonstrable by roentgen ray,

Treatment The form of treatment to be employed 15 determined by the severtty
of symptoms i the indwidual case, If the symptoms are mild and cause enly an
occasional disability of the knee, even though the diagnosis of chondromalacia of
the patella may be reasonably certain, operation should not be carried out untit
the patient has been observed over a period of time, and then only if symptoms
increase m severity. During this time, exercises to mamtamn strength in the guad-
riceps muscles should be carried out. In the patient with moderately severe symp-
toms with an cocasional Jocking, or rather frequent eatehing of the knee whieh
may be followed by pam, swelling, and stiffness, operation is probably indicated.
These knees should be exp]ored thraugh a parapatellar incision, and if the area
of dismtegrated cartifage is of moderate size, complete exciston of the area should
be carned down to the bone. Loose caitilagmous bodies thronghout the hnee
should be searched for If an eatensive area of chondromalacia is found, covering
essentially the entire surface of the patella, or of there is marked eburnation and
thickenug of the patella, the fourth and final stage of the process, one of two
operative | dures is indicated: (1) patellaplasty, consisting of horzontal
resection of approsimately four-Bfths of the patells with interposiion between the
bony surfaces of the patella and femoral condyle of a flap of synovia, turned up
from the wfrapatellar region, or (2) extirpation of the patella. It has not been
our practice to escise the patella unless the changes are extremely advanced.
Other authortties, however, have advocated escision of the patella m chondro-
malacia, notably Harris of Toronto,

HyPeRTROPHIC PATELLA

"The hypertrophic patella may represent an ad d stage of cl
of the patella, or may be 2 part of a generalized asthnitic process in the knee jomnt.
It usually oceurs in the elderly adult, and is associated with other changes in the
jemnt, such as thickemng of the synova, spur formation and eburnation of the
articular cartilage, and partal di ation of the lunar cartilages Symp-
toms are those of pain in the knee and recurrent swelling, probably a flexion
deformity of the knee, hmitation of motion, and pam sggrmated by walking,
particularly on stawrs or over uneven surfaces. Exammation reveals, possibly,
flexion deformity of the knee of 15 to 20° and & thickened joint throughout, the
thickening being confined particularly to the patella, which 15 broadened as well.
Motion between the patella and the underfymg femoral condyle 15 usually
markedly restricted There may be locking of the knee if there are associated loose
bodies 1 the joint. Symptoms are mereased hy actwvity,

Roenigenographic Changes The roentgenograms reveal not only hypertrophic
changes throughout the jont, but also marked changes m the patells, consisting
m spur formation, thichenmg and broademng of the bone There may be demon-
strable osteocartilaginous loose bodies by roentgenagram,

Conservate e ticatment consists of rest, loeal apphications of heat, quadsiceps
exercises, and esternal support i the form of an clastic knee-cap, attenbion to
shoes, and, possibly, arch supports.

Surgical Treatment. Here again a choice lies between estirpation of the patelia
and a patellaplasty. We have preferred patellaplasty, because we believe it is

3 1
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Rurrum or THL Quaniicr s anp Patiivan Tunnons

Ruptwe of the quadriceps tendon s produced by the same mechanism as is
fracture of the patella, i.c., by a sudden contracture of the quadriceps mnscle with
the patient bearing weight, with the knee flexed at npprmim.\lcly 30° to 60°, the
tendon is pulled away from the patella. This injury oceurs charactenstically in
older adults and may be partially due to a degenerative process in the tendon. The
diaguosis is made by an analysis of the type of trauma sustained and by local
examination, which reveals a palpable defect in the quadriceps tendon just above
the patella, and inability of the patient to lift the extended hnee against gravity.
Treatment calls for immediate suture of the tendon to the patella with strong silk,
fascia, or wire, which is pl:\ccd through a dnill hole in the patella and interwoven
in the quadriceps tendon. Early active exercises can be started in 10 days in order
to restore elasticity of the quadriceps muscle. It is well to have the patient wear a
caliper brace when ambulatory, which will allow an increasing amount of flexion
of the knee as normal flexibility of the quadriceps muscle is restored. Return of
function should be accomplished in three months and the brace discarded.

Rupture of the patellar tendon is a rare occurrence, but occasionally the tibsal
tubercle is pulled off by the patellar tendon attachment. This is not likely to occur
if the bone of the tibia is normal, but the writer has seen it happen twice in
patients with Paget’s discase. Treatment should consist of immobilization of the
leg for six weeks in plaster of paris with the hnee i complete eatension,

Fracrurcs oF TiE Tisiar TABLES.

A fairly common and disabling fracture of the knee joint is the “bumper” or
“fender” fracture involving the tibil condyles and resulting in damage to the
ligamentous support of the joint.

Mechanism of Injury. The common type of trauma is sustained from the bumper
of a moving automobile which strikes the patient on the outer side of the knee.
The fracture is also frequently sustained by a fall from a height in which the
patient lands with knee flexed and adducted, As the knee is adducted and fleved,
the lateral femoral condyle 1s driven downward against the lateral tibial table,
which is compressed and fractured, and the internal collateral ligament, and
possibly the cruciate ligaments, are strained or ruptured. Various combmations of
injury to bone and ligaments may occur (Figs. 4 and 14)

Symptoms and Signs are those of severe knee joint damage Pain is usually
generalized, but may be most marked over the stretched mternal collateral liga-
ment. There 15 usually flexion deformity and extreme pam on any attempted
motion. Careful palpation is frequently not possible because of pain, but tender-
ness is usually most marked over the lateral tibial table or over the mternal
collateral ligament )
. ﬁvebn]tgenngmphich Findings Roentgenograms m the anteroposterior, lateral,

ud oblique views k 3 i 8 ) ;
bmughtqmm e)‘tcmsiozllxld be taken of both knees after the injured knee 1s gently

Tfe.a{rrwnt Although there may be mcreased synovial fluid and blood m th
l'mee ]mr.)t, aspiration 15 rarely necessary unless the joint 15 pamnfully tense. If ther:
is a minimal fracture of the lateral tibial table, and if the ligaments are n;ot badly
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quadriceps muscle. For the defective Jateral condyle, probably the best form of
surgical treatment is to transplant mesially the tibal tubercle with the patcllar
tendon attachment
The traumatic type of recurrent dislocation of the patella wsvally results from
myury to the mesial jomt capsule, but there may be an associated genu valgus
which predisposes to vepeated displacements. If recurrences are frequent and
severe, operation should be carned out. Probably the best procedure is a combina-
tion of freeing the lateral expansion plication of the mesial joint capsule and
il son of the tibisl tubercle, along with the patella tendon, the with of
the tubercle and slightly downward,

FRACTURES INVOLVING THE KNEE JOINT
Fracrones o THe PaTiLLA

Fractures of the patella may be transverse, lwear, or communuted.

Mechamsm of Inury. The usual fracture of the patella is sustained by an in-
direct pull produced when the guadriceps musele suddenly contracts with the
knee flexed about 30° to 60°, and the bone is actually pulled apart. It fractures
transversely across the muddle, or at times m the upper and lower portions. Fre-
quently, the lateral expansions are forn and there is extensive hemorrhage in and
about the jomt

Examination rereals swelhng and possible discoloration of the anterior aspect
of the joint, usually a palpable defect at the fracture site, and inabity of the
patient to hit the extended leg against gravity. Roentgen rays demonstrate more
or less separation of the patellar fragments, with soft tissue swelling

Treatment If there 1s masked reaction m the jomnt, inability of the patient to hit
his leg, and evidence by roentgen ray of more than moderate separation of the
man fragments, we must assume that the lateral eapansions are lacesated, and if
5o, operatise repar of the bone and the jomt capsule is mdicated. Vanous types
of repair have been advocated, but probably the best 15 one m which the patella
18 sutured through dnll holes with heavy sk, fascia, or wire, and the lateral
expanstons (synovia and figament ) are repaued with sitk. [¢ 15 well to protect the
knee after operation wr 2 bivalved plaster cyhnder antl the wound 15 healed,
then to begin actne non-weight-bearmg exercises in flexion and eatension The
split plaster 15 gradually discarded at the end of six weeks, and the use of crutches
15 mdicated until there 15 %0% or more of motion in flexton. Tins indicates that good
flexibubity of the quadriceps musele has been restored and refracture 15 unhkely.

If the fracture is at the upper or lower pole of the patella, leaving a small
fragment of bone attached 10 the tendon, st is hetter to excise the small fragment
and suture the tendon to the large remaming fragment, as descnbed above,
Comminuted fractures of the patella are usually sustained by a direct blow, and
are best treated by primary excision of all fragments and suture of the pateffa and
quadriceps tendons

A few surgeons have advocated primasy excision of the patella after all major
fractures {Brooke), but we cannot hold with thus thesis, and believe that it
is better to sepair the usual fractures by suture, 1f good apposition of fragments
can be obtamed.
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periosteally back to the tibiofibular ligament, Usually the semilunar cartilage is
displaced downward into the fracture Tine, and therefore it must be removed in
arder to visualize the fracture and abo 1o effect reduetion. The displaced Jateral
portion of the tibial table is osteotamized and tusned outward, and the depressed
fragments elevated to their normal position, 1t may be necessary to remove some
of the small fragments of articular cartilage which have little chance of survival.
The main lateral fragment or fragments are then apposed to the tibia and seeured
by a long bolt with a tap on the inner end to maintain reduction. Eatensive com-
minution of the fracture makes the procedure diffienlt. If this is the case, a tbial
bone graft removed from the anterior portion may be driven under the joint
surface to presenve the bibial plateau, We liave not found it necessary to suture
any of the internal lateral ligaments. In only one case in our series was there
severe damage to the cruciate ligaments, which resulted in luxation of the knee,
aad a poor functional result was obtamed hecause of instability of the joint, in
spite of the fact that the fracture was well reduced by operation. If the mesial
condyle, rather than the lateral, has been displaced, the bayonct incision must be
placed on the inner aspect of the knee, in which case care should be eaercised to
presenve the internal saphenous nerve.

Whethier plaster i bilization or susy in & hinged splint should be used
after operation is optional. We behieve that if the fracture has been well stabalized
by the bolt, suspension is sufficient. Early exercises can be carried out in the splint
and at the end of six weeks” period, the patient 1s allowed to walk on crutches and
with little weight-bearing in a light hinged brace to present any tendency to
valgus deformity of the knee.

1f the fracture is a simple, noncomminuted one, it is pussxblc that manipulation
and compression, followed by plaster, will be sufficient. For the minor displace-
ments or depressions, or both, manipulation and plaster fixation may improve the
situation. As in all fractures of weight-bearing joints, delayed weighbbcﬂring must
be practiced, Crutches must be used for a period of two to six months, depending
on the severity of the injury. Any tendency to valgus position of the knee must be
prevented by the use of a hinged brace and Thomas heel.

Fractune oF THE TIBIAL SPINES

The third rather common fracture durectly involving the knee 15 that of the tibial
spines, which is sustained by a twisting injury in which the spines are pulled off
by the cruciate ligaments. Treatment by immobilization for six weeks in a plaster
casing from toes to grom will usually allow sufficient healing, unless the fragments

are widely separated, in which case operation should be done and the spines
sutured into position,

Fracrure or THE FEMORAL CONDYLES

Fracture of the femoral condyles may enter the knee joint, and it 15 desirable to
1estore as accurately as possible the normal contour of the joint surface. Therefore,
1f mampulation or traction does not accomplish this end, open reduction throu I;
the long parapatellar or quadiiceps tendon dwviding incisions should be cam’%d

out. Usually the fractures c; i i
an be stabilized with boll s
necos bolts or screws and plates are
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damaged, immobilization may not be necessary. Such an injury can be successfully
treated by support from a pillow sphnt for a few days, combined with hot
fomentations and early non-weight-bemumg exrercises. Crutches must be wsed for
at least sic weeks mn the minfnal £ For the ly depressed fracture of
the lateral condyle, it is difficult to understand how such a fracture can be re-
placed by manpulative means with any degree of accuracy, Thetefore, we usually

Fic 14.-Types of fracture of the condyles of the tibia and head of the fibula deperdent on the
mechanism of injury {1} Flexon and adduction of the hace: stram of the mtermal leteral figa-
ment and compression of the external senulunar cashlage {2} and (3) Flenon and adduction
of knee. tnjuey to the mternal fateral kgament and probably the cructate higaments with com-
fxesstan of the eaternal senmlunar cartilage and d ?’mﬂure of the lateral bl condyle

43 In addition to the wjunes 1 (1}, (2), and (3) there 1 also fracture of the Ghula head.
{3) and (8) Burstng fracture of both condyles, usually sustzned by faltng from 2 height.
{7) and (8} Flexion and abduction of the knee wnjury fo the evternal fateral hgament an(%

probably the cruerate higaments, also injury to the mternal semik cartilage and
fractures of the ntemnal tihial condyle
{Reproduced by p of Surgery, G logy & Obstetrics.)

employ the following operation The lateral aspect of the knee 1s exposed with a
bayonet incision, beginning just posterior to the lateral femoral epicondyle, about
3 in. above the joint line, and curving forward at the jont hne, and down along
the lateral portion of the tihial crest for 4 in The joint is opened anterior to the
external lateral ligament with a curved incision and posterior to the ligament and
pophteus tendon with a perpendicutar incision. The upper tshia is exposed sub-



INTERNAL DERANGEMENTS OF THE KNEE 467

patella, From this point, the approach swings both medial and Jateral to the
patella, dividing the expansion of the quadriceps tendon together with the capsule
of the joint, Below the patella, the approach is eatended downward thrung.h the
capsule of the joint on both sides of the patellar tendon, to the level of the articular
surface of the tibia. The synovial membrane is divided parallel with the lines of
the capsular incision, The patella, together with the patellar tendon, is reflected
distally and the hnee is fleed 1o 90°, thus exposing the lower end of the shaft of
the femur and the major portion of the knee joint, The medial or lateral condyle
of the femur is exposed by retraction. In closing the wound, the patellar flap is
restored to its normal position, and the quadriceps tendon and capsule of the knee
joint are closed with interrupted sutures,

Tne Fisuen Incision

This incision begins just anterior fo the femoral epicondyle, cither mesial or
lateral, and curves downward and forward along the joint line to the level of the
patellar tendon. The shin and subcutancous tissues are disided, and the lateral
expansion exposed. On the inner aspect of the knee, one may encounter the
terminal brauches of the internad saphienous nerve, which must be retracted and
preserved. The lateral espansion is then incised in the same line, and the synovia
is hhewise opened. This gives a thorough view of the anterior portion of the
mternal semilunar cartilage, the synovia, the infrapatellar fat pad, and the articu-
lar surfaces of the medial, femoral, and tibial condyles, and cruciate ligaments,
but does not give an adequate view of the eaternal senulunar cartilage, the
external hbial or femoral condyles, or the articular surface of the patella. This
incision is preferred by some surgeons for I of damaged I carti-
lages. It 15 not possible, however, to remove adequately the posterior portion of a
semlunar cartilage through this meision without danger to the articular surfaces
of the tibia and femur. Therefore, 1t is used only when it is believed the injury is
confined to the mesial or anterior portions of the meniscus, When there is doubt
about the diagnosis, some more adequate approach should be used.

Tue Robert JoNCs Approacit

This begins mesal or lateral to the border of the patella, curves down to the
joint hne, and backward along the joint line, to the level of the collateral ligament.
The quadriceps expansion and the synovia are divided in the same line, and the
anterior portion of the joint exposed. Through this mcision, the damaged semi-
lunar cartilage can be removed, except for the posterior portion, This incision is
used largely for removal of damaged menisci, and sheuld be employed in cases
comparable to those i which the Fisher approach might be used.

THE CoMBINED ANTEROPOSTERIOR INCISION

This was descnibed by the writer in 1935, and utilizes a skin incision simular to
that advocated by Fisher, but begins X mn posterior to the epicondyle, curves
downward and forward to the joint line, and to the patellar tendon, On th:: mesial
side of the knee, the branches of the mternal saphenous nerve must be identified
and preserved. There are always two, and sometimes three, of these branches. If
they are divided, painful neuromas may form, The anterior capsular incxs.ion
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SURGICAL AFPROACHES TO THE KNEE

The choice of incision for any operation on the knee joint depends greatly on
the preoperative diagnosis, and the certainty with which the lesion requiring
surgery can be Ioc:lxzed. If, for instance, the surgeon is convinced that he is
dealmd with an uncomplicated meniscus injury, he is justified in using one of the
more restricted incisions, but if there is doubt as to the localization n[ the disease
or injury, a more adequate exposure must be gained. Any approach must give
sufficient exposure to avoid damage to the articular surfaces of the femur, tibia,
or patella.

THE MEDIAN PARAPATELLAR APPROACH

This approach is used as a utility incision, and through this kind of incision
more can be done than through any other approach to the Inee, unless the quad-
riceps or patellar tendons are divided. It begins approximately 3 in. above the
patella, directly in the midline, and is carried down, passing % in. medial to the
patella, and curving lateral to the level of the tibial tuberele. The Lateral expansion
15 incised, and dissection carried upward between the quadriceps tendon and the
vastus fnternus muscle, and down to the medial border of the patells tendon. The
svooviz js incised and dissection carried sufficiently upward and downward to
llow the patella to be tumed. Through this incision, the following structures can
be viewed: the svnovia; the arhcuhr surfaces of the tibia, femu.r, and patella;
the mucosal ligament; the cruciate ligaments; the infrapatellar fat pad; the inter-
condslar notch; the internal semilunar cartilage. By freeing the patellar tendon
somewhat, and retracting the patella further Iaterally, the esternal semilunar
cartilage can be visualized. but with some diffculty. “This is not a good approach
for removal of the external semilunar cartilage, unless wide exposure is obtained,
nor is 1t as good for removal of the internal semiunar cartilage as are the usual
cunved incisions on the medial aspect of the knee, but through this incision,
biopsies can be made, fusions and arthroplasties are often done, also removal of
loose bodies.

Tue MoLiNe Iasioy

The midline incision directly over the mid-portion of the patella is preferred by
some surgeons for repair of a fractured patelh. It gives adequate exposure and
through this incision the lateral evpanslon can be repaired, and the fractured
pa(el]a sutured. The only objection to this incision is that it leaves a scar directly
over the patella, which mayv be uncomfortable, particularly when the Pat]cnl
knee

Tue ANTERIOR QUADRICEPS DvIDNG APFROACH

This approach. descnibed by Coonse and .-\d:uns is exuellent for arthrodeses of
the knee or for open reduction of badly of the femoral
condyles. A longitudinal parapatellar incision is made, and the anterior surfaces
of the qundnceps tendon, patells, and patellar tendons are exposed. The quad-
riceps tendon is incised longitudinally in its center, from its musculotendinous
junction downward to a pomt appmxmmtel\ in. above the upper margin of the
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patella. From this point, the approach swings both medial and 'lﬂlcml to the
patella, dividing the espansion of the quadriceps tendon together with the capsule
of the joint. Below the pateils, the approach is extended downward lhmug'h the
capsule of the joint on hoth sides of the patellar teadon, to the Jevel of the ar.ucular
surface of the tibia, The synovial membranc is divided parallel with the lines of
the capsular incision. The patella, together with the pntc]lm‘ tendon, is refiected
distally and the knee is flexed to 90°, thus exposing the lower end of the shaft of
the femur and the major portion of the hnce joint. The medial or lateral condyle
of the femwr is exposed by retraction. In closing the wound, the patellar flap is
restored to its normal position, and the quadriceps tendon and capsule of the knee
jomt are closed with interrupted sutures.

Tuc Fisurn Ixcision

This incision begins just anterior to the femoral epicondyle, either mesial or
Iateral, and curves downward and forward along the joint line to the level of the
patellar tendon. The skin and subcutancous tissues are divided, and the lateral
expansion evposed. On the mner aspect of the knee, one may encounter the
terminal branches of the internal saphenous nerve, which must be retracted and
preserved. The lateral expansion is then incised in the same line, and the synovia
is hkewise opened. This gives a thorough view of the anterior portion of the
internal semudunar cartilage, the synovia, the infrapatellar fat pad, and the articu-
lar surfaces of the medial, femoral, and tibial condyles, and cruciate ligaments,
but does not give an adequate view of the eaternal semilunar cartilage, the
external tibial or femoral condyles, or the articular surface of the patella. This
incision is preferred by some surgeons for removal of damaged semilunar carti-
lages 1t is not possible, however, to remove adequately the posterior portion of a
semilunar cartilage through this mcision without danger to the articular surfaces
of the tibia and femur. Therefore, it is used only when it is believed the injury is
confined to the mesial or anterior portions of the meniscus. When there is doubt
about the diagnosis, some more adequate approach should be used.

Tue RopesT JoNEs ArproscH

This begins mesia!l or lateral to the border of the patella, curves down to the
joint hne, and backward along the jomt hne, to the level of the collateral hgament.
The quadriceps expansion and the synovia are dwided m the same e, and tht‘,‘
antenior portion of the joint exposed. Through this wncision, the damng,ed semi-
lunar cartilage can be removed, except for the posterior portion. This incision is
used largely for removal of damaged menisci, and should be employed in cas
comparable to those in which the Fisher approach might be used‘l g “

Tre CoMBINED ANTEROPOSTERIOR INCISION

This was described by the wniter in 1935, and utilizes a skin incision stmilar to
that advocated by Fisher, but begms ¥ in. posterior to the epicondyle, curve:
downward and forward to the jomt line, and to the patellar tendon, Onyth:e mesy; sl
sndg of the kndeei‘}t‘he branches of the internal saphenous nerve must be idemiﬁez:i
and preserve ere are always two, and somet:

ved 5 mes three, of these branc)
they are divided, pamful neuromas may form. The anterior capsular ir]x]ceiilxole
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begins just antetior to the internal femoral epicondyle, and cunves downward and
forward along the joint line to the patellar tendon. The synovia is opened m the
same manner. Through this epenmg, the semilunar cartilage can be freed an-
teniotly and then passed backward between the collateral ligament and the femur
and out through a second perpendicular incision, posterior to the collateral
ligament. This mcision is useful in removing cartilages which are damaged,
particularly 1 the posterior portions, and memsci which have undergone cystic
degeneration. If it is used laterally, the carhlage is passed mesial to the poplitens
tendon and the external coll £ 1 and brought out posterior to these
two structutes and remosed.

Tie POSTERIOR APPROACKH

The most accessible part of the posterior aspect of the knee is toward the mesial
side. A 3 or 4 . linear incision is made on the posterior mesial aspect of the knee
and carried down between the mner hamstning tendons and the inner head of the
gastrocnemius The capsule of the joint is promptly encountered and may be
opened readily. This approach is the best for drainage of the joint, and is also the
most frequently used for removal of ganglia, because it 1s in the region of the knee
jont that most hemiations of the capsule occur.

Tre Baxoxer Inaisiox

This wcision begins slightly above and posterior to the level of the femoral
epicondyle and is carsied downward to the level of, and forward along, the joint
hne, and down toward the anterior portion of the tibia for about 3 in. On the
muner side of the knee, the branches of the internal saphenous nerve must be
identified and preserved The capsule can be opened a the same line as the skin
masion. Ths incision is useful when dealing with fractures of the hibial condyl
particulatly the “bumper” or *fender” fracture of the lateral tibial table.

PAIN REFERRED TO THE KNEE

It must be remembered that alf pan m the knee does not arise m the jowt or
durectly from its supportmg structures. It may be referred from the lower back,
from the hip, or from the foot and ankle Low back disabnlity nay gne only the
syraptoms of pain i the region of the pophteal space, and in hp joint disease,
pasticularly in children, the sole symptoms may be pam along the mesial aspect
of the knee joint A severely pronated foot or ofd traumatic arthrits of the ankle
can cause not only pain m the knee, but swelling and limtation of knee motion as
well Jt 35, therefore, important to examine the joints above and below the knee
befare deciding as to the prmary origin of the pain.
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begins just anterior to the internal femoral epicondyle, and curves downward and
forward along the joint line to the pateliar tendon. The synavia is opened w the
sagne manner. Theough this opening, the senmlunar cartilage can be freed an-
teriosly and then passed backward between the eollateral higament and the femur
and out through a second perpesdicular incision, posterior to the collateral
hgament. This meision is useful i removing cam)nges which are damaged,
paxtzcukxﬂy in the posterior porhons, and memsci which have undergone cystic

ton. If st is used 1 , the cartilage is passed mesial to the pophteus
tendon and the external colhtem] ligament, and brought out posterior to these
two structures and removed.

Tie POSTERIOR APPROACH

The most avcessible part of the posterior aspect of the knee is toward the mesial
side. A 3 or 4 1n hnear massion is made on the postenor mesial aspect of the knee
and carried down between the mner hamstring tendons and the inner head of the
gastrocnemius. The capsule of the joint 1s promptly encountered and may be
opened reachly This approach 1s the best for drainage of the joint, and s also the
most frequently used for remaval of ganglia, because it 15 m the regron of the knee
jomnt that most herniations of the capsule cecur.

Tue Bayoxer Incision

This meision begus slightly above and posterior to the level of the femeral
epicondyle and 15 carried downward to the level of, and forward along, the joint
line, and down toward the anterjor portion of the tibia for about 3 m. On the
mner side of the knee, the branches of the internal saphenous nerve must be
wentified and preserv ed The capsule can be opened in the same hpe as the skin
wmcision This mcision 15 useful when deahing with fractures of the tibwl condyles,
partieularly the “bumpes™ or “fender” fracture of the lateral tibial table.

PAIN REFERRED TO THE KNEE

1t must be remembered that all pain in the knee does not anse m the jomt or
dwectly from 1ts supporting structures. 3t may be referred from the lower back,
from the lup, or from the foot and ankle. Low back disability may give only the
symptoms of pain in the region of the pophteal space, and in hip yoint disease,
particalarly m chuldren, the sole symptoms may be pam along the mestal aspect
of the knee jomt A sevi ereiy pronated foot or old traumatic arthritzs of the ankle
can cause not only pam in the knee, but swelling and lumstation of knee motion as
well It is, therefore, impostant to examine the jonts above and helow the kuee
before deciding as to the primary ongin of the pain.
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Arthrodeses

ALAN DeFOREST SMITH, M.D.

wrnonests or Joixts has been found to be applicable to so many varied
A conditions and has proved atself to be so uscful that it has become one of
the most frequently employed operations in orthopedic surgery. In order to Jimit
this discussion within reasonable bounds the application of this eperation to the
etremities only will be presented, because the uscfulness and importance of spine
fusion, which is no more than an arthrodesis of the joints of the spine, has become
50 great as to warrant a separate monograph. Although at first thought the
deliberate destruction of a joint and abolition of all motion in st may seem to be
a backward procedure and one to be avoided whenever possible, an analysis of
the results will demonstrate that often it leads to an improvement in function
not to be gained in any other way. Relief from pain and the arrest of discase are
other important accomphshments which may be set down in its favor.

One of the first uses to which arthrodesis was put was the stabilization of joints
over which control had been Jost through paralysis resulting from lesions of the
central nervous system, chicf of which is poliomyelitis. Friedreich’s atania, the
cerebral palsies, and neurotrophic jowts are other conditions which may be
mentioned in this group, although they are less common, Loss of muscle power
from peripheral nerve njuries also calls at times for joint stabilization. Attempts
often have been made to redistibute muscle power by transplants and such
operations play an important role n the rehabilitation of poliomyelitis patients
and the victims of penpberal nerve injuries Usually the remaining power is not
sufficient to achieve success, however, without the aid of stabilization, which in
most cases must be done in addition to the transplant, in order to obtain a good
result..Stnblllty may be obtained also by braces, but relieving the patient of the
necessity for using these heavy, cumbersome, and unsightly objects is one of the
finest achievements of this operation.

Ancthr?r important end which often may be gained only by obliteration of the
affected joint 15 she relief of pain m various forms of arthritis. The one which first
\C:}:'l;i s‘sor;:::]d‘ Sm tl.ns (;01:]]1(_’(:;11(?1] lSI the os(eo:ar!lu:xhc ]?lp in older individuals,
arthaiths a]_sosi?:\;l: )Irulx}sln llr:gn 3 ?0?]1? stiff painful joints due to rheumatoid
a Jjomnt when loss of mo&‘mn u:] ‘tll%e (: o 15538.0 i b? faken not to stiffen

pposite one is hable to take place with serious

umpedmment to locomotion. This does not apply, however, to the wrist, The result
(f)rfaanhrodesns ofa subfﬂlar joint, the seat of ﬂrfhri(is from an imperfectly reduced
acture of the os calcis, or of an ankle following a malumted fracture
highly successful. >

The arrest of tuberculosis in a joint after arthrodesis,

471

usyally is

which was demonstrated
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THE SHOULDER

The conditions which most often indicate arthrodesis are paralyses resulling
from poliomy chitis and whereulosis, A painful arthritis or damage from a severe
fracture may vccasionally De indications. Arthrodesis of the Inneroseapular joint
is one of the most satisfactory owing to the fuct that a useful range of motion of
the arm is retained even after obliteration of the joint. This seeming paradox
atises from the fact that the scapula still can move upon the thorax, thus com-
pensatig for the loss of motion in the scapulohumeral joint.

Fic 1.—Arthrodesis of the shoulder.
(Gill, A B: ]. Bone & Jowt Surg, 13:287, 1931 )

The position m which the humerus is fixed to the scapula 1s of the greatest
n;goxta'nce. In order to take advantage of scapular motion there must be some
abduction The degree is determined by the eatent to which the scapula can
:iotate mward, thus allowing the arm to drop down to the body. Usually a greater
OF%':)eoe(;;f }c;()!mp‘ensakf)r‘)l'] n;mmn will develop in children, n whom a mat;in;um

abduction of the humerus on the scapula ma i v
ults v e ol e en pula may sometimes be allowed In
abducted the humerus should
between mnternal and external rutatton, :

A very umportant prerequi: i

quisite to arthrodesis of the shoulder i i

ipe r in paralys
%0 x‘mljmmytilms or other ;:auses, 15 the presence of strong thmacosmplu\nr {n;ssg::
g the trap evator lae, rhomt ) i :
out these the scapula could not be ;ctivated and therand 21d bo po e v

out Ihese the scapula could no e would be no improvement
. Fortunately these mu 3 .
e s e y uscles wsually are spared, when
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by Hibbs, and which has revolutionized the tieatment of that disease, 1s one of
the greatest contnbutions to orthopedic surgery. Certainly no other means has
been found of permanently arresting jomt tuberculosis, and operative tieatment
will remain the only one that can accomplish this result, unless some antibiotic
is discovered which 1s capable of destroying the bacillus. Streptomycin has been
found to be a very useful adjuvant to arthrodesis in certamn types of cases but
alone 1t 1s madequate and rehance still must be placed on fusion.

Another objective which may be attamed by arthrodesis is the correction of
deformty. This usually follows as a secondary result of the operation when it is
used primarily to achieve some other purpose usually the stabilization of a joint.
We frequently see this twofold gam n operations on the foot for instabiity and
deformity resulting from poliomyetis.

In many 1nstances in which a joint has become painful, stiff, or deformed as a
result of injury or arthritis, the choice between aithiodesis or arthroplasty must
be made In favor of the former is the fact that it produces stability and elimmates
pam and fatigue. In the care of a jont in the lower extremity these factors are of
the greatest importance and usually wall turn the balance in fasor of arthrodesis.
With a tuberculous mfection this is mandatory and arthroplasty cannot be con-
sidered. The unfavorable results of fusion are stiffness and some degree of limp.
These vary a good deal with the jomt involved. In the shoulder, wrist, ankle, or
subtalar joints there 1s none and the disabihity 1s mmimal. In the hip the limp
after fusion 15 not great and the disability is only moderate. The greatest degree of
limp and inconvenience follows stiffening of the knee but, on the other hand, the
result of arthroplasty of this jomst 1s very uncertain The important point 1s that in
the lower extremity, stability and freedom from pam and fatigue usually are more
desirable than motion. ~

Arthroplasty, while theoretically superior to arthrodesis in many conditions, 1n
that jt preserves motion and at the same time auns to produce stabihity, frequently
falls short of its purpose Enther the range of motion 15 too small to be satisfactory,
or there are apt to be some residual pains, weakness, and fatigue. There may also
be a hmp The patient’s age, occupation, and general requirements must be taken
into account and should determine to a large extent the choice of operation.

THE ACROMIOQCLAVICULAR JOINT

The chief wndication for aithrodests 1s upward luaation of the clavicle after
rupture of the coracoclavicular higaments. Probably the easiest way m which to
correct this 1s fusion of the clavicle to the acromion. This may be done by excising
the artrcular cartilage and meniscus and placing Kirschner wires through the
acromion and clavicle. There 1s no important restriction of motion of the shoulder
followmg the operation

Painful arthnitis of the acromoclavicular joint is best treated by resecting the
outer end of the clavicle, distal to the coracoclavicular higaments. This relicves
pain and restores the motion which was impaired by pam.
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resection smay be indicated, Similarly in clbows which have been ])d‘(“}f damaged
and stiffened from fracturcs, or in ankylosis from arthritis, resection is likely to be
the operation of choice.

SUBCUTANEOUS RICEPS

SURFACE OF
OLECRANON,

M, PosTERIOR BORDER DISTAL END
i OF ULNAR SHA OF oN
OLECRANON OLECRANO
Fossa Mass

OLECRANON Mas
TRANSPOSED

Fi6. 2.~Fusion of the lbow
(Hallock, H.. J Bone & Jont Surg, 11 115, 1932)

\When 1t is decided to arthrodese the elbow because of tuberculosis the best
method of accomplishing this has been devised by Hallock. It consists in removing
a graft, including part of the olecranon process and some of the shaft of the ulna,
reversing 1t, driving 1t into the humerus, and then fastening it to the ulna. The
articular cartilage is first remosed from the humerus and ulna. Usually the head
of the radius s resected in order to maintam pronation and supination. The most
useful position 1n which to stffen the elbow usually is about 133° extension,
although this may vary with the requirements of the individual.

THE WRIST AND HAND

The ndications for arthrodesis of the wrist are similar to those i most other
joints but, unlike the elbow, stability is here more important than mobility. A stiff
wnst 1n optimal position is much more useful than one which is movable but in
which the motion 15 not well controlled For this reason arthrodesis frequently
gives the best result in pohiomyelitis, 1n paralysis due to peripheral nerve injury,
and 1n spastic paralysss. Resection does not serve here, as it sometimes does in
tuberculosis of the elbow, and instead fusion always is indicated. When the wrist
15 badly disabled by rheumatoid arthritis or fractures, including those of the
navicular, arthrodesis may be depended on to relieve pain, ~

correct deformity, and
restore function. £d

.The optimal position for arthrodesis 15 slight extension, of from 5° to 15°, This
gives the flexors of the fingers the best advantage and results in a stronger grip.
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It has been demonstrated recently by Inman and Saunders and by Milgram
that motion of the arm op the trunk may he materially increased after shoulder
fusion by resection of the outer end of the clavicle, It is better to do this as a second
step after arthrodesis has been accomplished.

There are many technics for fusing the shoulder. The choice depends some-
what on the age of the patient and the condition for which the operation is done.
1t is necessary to obtain glenchumeral union and the cartilage is removed from
the head of the humerus and glenoid. Additional contact and fixation may be had
by attaching acromial process to the humerus. In order to do this the acromion
is partly divided at its base and turned downward, as described by Gill.

One of the difficulties in this procedure js the maintenance of the desired posi-
tion of the humerus until firm union has oceurred. Even though the arm is held
in a plaster spica some of the abduction may easily be lost. To prevent this and
provide greater secunty, internal firation by means of onie or more nails or screws
through the head of the humerus mto the glenoid, may be employed. This is less
desrable in cases of tuberculosis of the shoulder, but there have been a number of
successful instances in the case of metal fiaation in tuberculous joints and we are
not as averse to using it in these cases as we formerly were.

A difficulty in young children, in whom the humerus still is growing, is the
preservation of the upper epiphyseal cartilage which contnbutes the larger
amount of length to the bone. Shorteniag of the humerus 1s not as serous or
mnportant as it 1s in the femur or tibia, but still any considerable amount is to be
avoided if possible. The shoulder can be fused without obhteration of the growth
center but one cannot be as free in the treatment of the upper end of the humerus
when this necessity 15 present, and m such cases the use of nails through the
epiphyseal cartilage 15 unwise Rountree deseribes a method in which he places a
tibial bone graft through the head wto the glenoid in children. He states that
there has been no mterference with growth as a result.

The exposure of the joint and the carrying out of the operation are greatly
facilitated by wide detact t of the deltoid from the acromion and clavicle.
This may be done without fear of imparment of ats function, since this is not
necessary after the arthrodesss. It 1s necessary in most cases to maintain fxation m
a plaster spiea for at least four months after the operation and if there then is any
doubt about the solidity of the fusion the support should be continued longer.
Fallure to do this has resulted in loss of abduction and impairment of the func-

tional result.
THE ELBOW

Motion is important in the elbow in order to enable the placing of lh('. hand in
vanioys desiwed positions. For this reason operations to restore or mamtain mobil-
1ty are used more frequently than arthrodesis, The chief indication for the latter
is tuberculosis and the elbow is often fused m order to arrest that disease. E\'e‘n
1n this condition, however, resection may be preferable to stifening the jomnt of it
is thought that the disease may be eradicated i this way. The elbow 1s the one
joint in “which a wide resection is permissible and may result m a usefiul jomt T}.IE
shortensng which results is not a serious matter nor is the Joss of stability, Thuys in
extensnely mvolved joints i which 1t would be difficult to obtamn bony union,
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THE HIP

The hip joint is subject to many discases and injuries which render it stiff,
deformed, and painful, Became of its prime impoutance in the support of the body
and in Tocomotion these Tesious frequently cause wuclt pain and severe disability.
Arthrodesis is a solution 10 many of these problems beeause it provides stability
P ™ limp resulting from a stiff hip in optimal
L o 3 *se mobility of the lumbar spine the subject
can sit without too much diffienity. In cases in which arthrodesis is elective, the
added strain fmposed on the Inmbar spine by the stiff hip may cause backache in
the presence of arthritis or certain anatomic variations, Under these circumstances
arthrodesis may be contraindicated. Patients having o stiff hip often complain of
some backache but usually this is not severe enough to be serious, or to make it
outweigh the advantages of arthrodesis.

The choice between arthrodesis or arthioplasty frequently must be made, There
is no doubt that retention of mation is desirable, but so frequently the result of
arthroplasty falls short of the desired goal, either because of restricted motion,
pain, or fatigue, that the patient is unable to lead a full active life and to take part

in an pation mg standing or walking. There is no doubt, in my
experience, that as a rule arthrodesis gives a better over-all result when only one
hip is affected - . L. + . likely to be, as in theuma-
toid arthritis, . . L . Bilateral stilf painful hips

are s disabling that any degree of improvement is accepted with much gratitude
and s a great contribution to the patient’s welfare. Ou the other hand, tuberculosis
is a positive indication for arthrodesis and the advisability of ever performing any
arthroplasty on a hip that at any time has been the site of tuberculosis is very
questionable.

The best position in which to stiffen the hip has been determined from esperi-
ence in many cases. It is from 25° to 80° of flexion, neutral rotation, and no
abduction. Efforts have been made to compensate for shortening of the extremity
by Bxing the hup 1n from 10° to 20° of abduction. This results in the tilting down-
ward of the pelvis, a prommence of the opposite hip, and a compensatory lumbar
scoliosis, and persons with a hip in this position almost invamably are dis lease‘d
with the result On the other hand, 2 slight degree of adduction is not dgabh 14
although 1t 1sk notl to be sought. Flexion beyond 80°, while it makes sitting casxre'x{’

a . iy . . ’
foursj:u 1at x’x:]arb :Skaoc;?s‘s of the lumbar spine in the upright position and 1s liable

There are many technical difficulties in arthrodesin
in recent years that successful methods have been e
different 1 tuberculosis and in osteo-arthnitss, the
for which the operation is indicated. In tuberculo:
take place if an adequate bridge of bone is cons
femur outside the joint, and 1t 1s undesirable to dei
of cartilage. The situation 15 reversed m osteo-
poorly vascularized bone of the head and ac
ankylosis even after an eatra

Albee devised an operatio

g the hip jomt and it is only
volved. The problem 15 quite
two most important conditions
sis bony ankylosis usually wll
tructed from the pelvis to the
nude the head and acetabulum
arthrtis where the eburnated,

. etabulum is not conduci
-articular graft has been placed, ducive to

n i which several struts of tibial bone were made to



475 MONOQGRAPHS ON SURGERY

Too much eatension impairs the function of the hand, and flexion is never desir-
able. Care must be taken in cases of spastic paralysis not to eatend the wrist too
much for the spastic flexors may then prevent the fingers from extending. This
applies also in Volhkmann’s ischemic paralysis in which the flexor muscles have
become shortened.

Several methods have been described for arthrodesmg the wrist, including
vanous types of bone grafts. In the author’s experience, simple removal of the
articular cartilage from the radius and the several carpal bones has been sufficient.
This 15 done through a dorsal midline incision. A choice may be made as to
whether the prosimal row of carpal bones only or the distal row also 15 to be
meluded. In traumatic arthritis, such as that [ollowing fracture of the navicular,
fusion of the proximal row to the radws is sufficient and some motion may be
retained 1 the distal pait of the jomt. In tuberculosis, however, it is necessary to
mclude all of the carpal bones as well as the joints between them and the meta-
carpals An exception should be made, when posslble, of the joint between the
first metacarpal and the greater multiang; of the first meta-
carpal is very important to the function of the thumb. It has been found that i
cases of spastic pmalysis in which wnist fusion is done to overcome flexion deform-
ity and give stability, the entwre wrist must be fused in order to prevent recurrence
of the deformty,

The wnst and forearm are 1 m plaster following the operation, So
much swelling of the hand and wrist occurs that 1t is necessary to spht the plaster
completely on both radial and ulnar sides. This should be done as soon as the
plaster is applied, and the hand should be kept in an elevated position. Lack of
rigid immobilization 15 not detrimental at first and the cast may be changed and a
more closely fitting one applied at the end of two weeks.

It seldom is desirable to stiffen the metacarpophalangeal joints or those of the
fingers The joint between the first metacarpal and gieater multiangular is often
the seat of a pamful osteo-arthntis and when this is marked 1t may be necessary
to do an arthrodesis In the description of wrist jomnt fusion the importance of not
stiffening this joint was mentioned. However, when the arthrodess 15 confined to
the carpomctacmpal joint, compensatory increase 1n motion often takes place n
the joint between the multiangular and navicular.

In some cases of paralysis of the hand, usually the result of poliomyelitis, if 1t
1s not possible to substitute for the loss of the opponens polhcis by transplantation
of some other tendon, 1t improves the hand greatly to fix the first metacarpal in
the position of grasp, 1e., a combimnation of opposition and slight abduction. This
has been done by arthrodesing the carpometacarpal joint but a more certain result
can be obtamed by a strut graft between the first and second metacarpals. If the

flexors of the thumb are also greatly impaired, arthrodesis of the metacarpophalan-
geal joint may be done n addstion,

Should an injury or mfection threaten the destruction with consequent stiffening
of a phalangeal joint, it should be placed in partial flexion since this will give the
most uscful finger afterward,
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Lesser Sciohe N
/Gvem Sciatie N

Fic f.—Fusion of the lap Cross section showmg fixation of the graft
(Van Gorder, G W J Bone & Jowt Surg, 31A 717, 1919 )

Fic 3 ~Roentgenogram made two and a half vears after the Trumble operation. An error i
diagnosis was made 1n 1942 when a cup arthroplasty was performed The operation was un-
successful and the cup was removed A diagnoss of tuberculosis was established and ilio-
femoral fusion was attempted i 1943 The fusion was not successful A second attempt at
thofemoral fusion was made 1n 1944, this also falled and three sinuses developed. The patient
was then sent to a sanatorium where a Trumble ischiof 1 arthrodesis was | d in
November 1946 Note the graft has become hypertrophied and that the hip joint has fused.
Dunng her comalescence, a tuberculous leston was discovered m the patient’s spine and a
spme fusion was camed out successfully At present, she 1s actne and well and the three
tuberculous sinuses have remamed healed.
(Van Gorder, G W ] Bone & Jomt Surg, 31A:

. 1949 )
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span the jomt from the ilium to the trochanter, This was successful in accomplish-
mg an arthrodesis in a number of cases but the method never became popular. In
1925 Hibbs and Haas independently reported a new method m which a graft was

g
i

il

Fic 3 —Hip fuuon operation by the Hibbs method

A Tensor femons muscle dnided.

B Vastus muscle diide:

C Gluteus medius and mimmus muscles which were cut through antenorly and above
trochanter

D In la, 2a, and 3a, trochanter tumed up with Iower end under shac bone flap

E Raw bone supenor surface of neck of femur,

F Head of fcmur in acetabulum

G Capsule of jount

taken from the trochanter and adjacent shaft, and after being reversed so that the
sharp shaft portion was upward, was driven into a slot in the thum near the ace-
tabular margin, the lower end making contact with the trochanter. This operation
has been highly successful, especially m tuberculosis of the hip, and stll fre-



ARTHRODESES 481

placed closer to the joint, Al of these wethinds have their indications in properly
selected cases, There are some cases of tuberculosis in which the head and neck
of the flium ate so extensively diseased that it is not possible to employ a graft
from the {wwn o the trochanter, In order to wmeet this situation Trumble em-
ployed a tibial graft from the ischum to the fewur. This was done through a
posterior appmnch in which the ischium, femur, and sciatic nerves were well
evposed. Van Gorder reported a series of cases in which this operation was used
with a high percentage of success. The operation has met with faver and now is
being used widely in this type of case.

Fic. 7.-Artnudesss of the ip joint. Anteroposterior view after wsertion of nab, two from
wnside the hium, ’
(Smuh, A. DeF., and Baab, O. D.: J Bone & Jomi Surg, 314:727, 1849 )
fBrl:ﬂatnf used the same principle n placing an ischiofemoral graft, but instead
(:]uo taining a good exposure by the posterior incision, placedbthe graft blind}
th ougI} '11 {ateml incision after doing a subtrochanteric osteotomy. This has beeﬁ
ccessiul in many cases, but the chief objection to the operation is that the sciati
;enfhfmxlnot be seen and is in danger of being injured by the chisel or the amftc
or this reason the Trumble operation seems preferable. Bosworth has desc;bed-

an ischiofemoral grat whi, g N ooa s .
as the s objeg?ons, ich, ke Brittan's, is introduced blindly and therefore
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quently 15 used. It may be combined with removal of the cartilage from the upper
part of the head or acetabulum, without dislocation of the head, but this is not
always necessary and was not a featme of the operation as originally described.
The graft must be placed in sound bone m the shum, even though this necessitates
placing it at some di above the bul If this precaution is net
obsenved, the graft is hable to absorb, fracture, or fail to unite to the ilium. Fiem
contact with the femur may be assured by a square nail driven through the graft

Fic 8—Asthrodesss of the hip jomt. Exposure of the jomnt. The quadriceps 1s detached from
the antenior mnfenor spwe of the shum, anJ not at the pomt indicated
(Smth, A DeF, and Baab, O D - J. Bone & Jomnt Surg, 314.727, 1949.)

and upper part of the femur. Hibbs’ attempt to preservc some blood supply to the
graft by leasing the gluteus medius and minimus attached to 1t makes the opera-
tion much more dificult, and has not seemed to enhance the chance of success, It
is the custom now to remos e the muscle attachments completely Of course, if the
greater trochanter 1s diseased, the operation is not applicable.

Harris and John Wilson have described operations in which iliac gralts are used
instead of a trochanteric one. A tibial graft may be employed, differmg from the
Albee type in that only one, thicker and shorter, piece of bone-is used and is
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ellects of prolenged immobilization in the latter group had dire effeets upon the
growth and development of their extremities,

Autnropests 100 Ostro-arinnis o . e

An entitely different problem is encountered when one attempls to fuse a hip
for painful osteo-arthritis. This condition is essentrally the result of degenerative
changes and there are found sclerotic hone wath a poor blood supply, worn,
fibnllated articular cartilage, completely nussing in some arcas and a thick fibro-
tic capsule. Although osteophytes are deposited around the margins of the joint,
the conditions just described make the accomplishment of bony union between
the femoral head and acetabulum difficult Reliance cannot be placed on an extra-
articular graft alone because even though it unites, the fusion will not extend
through the joint itself unless something more is done to bring this about Con-
sequently the operation must include some mterference within the jomnt. This may
consist simply of removal of remnants of articular cartilage and some of the
eburnated bone surfaces from the upper part of the joint, combined with some
form of graft, esther from the tibia, ilum, or of the Hibbs type. Such operations,
however, have resulted in too many fulures

The author has evolved a method which has produced a higher percentage of
successful fusions. It is performed by an anterior Smith-Petersen incision with
wide eaposure of the superior and anterior parts of the capsule. The latter then is
widely excised. Tu addition to affording a better esposure of the joint, this
removes a thick, fibrotic barnier to the blood supply which 1s available from the
overlying muscles, The head of the femur 1s dislocated and all cartilage is removed
from the head and acctabulum. Multiple dnill holes are made in these structures
and the head is then replaced. Several long, square nails are then dnven from
the ilium into the head and neck of the femur A plaster spica usually 1s applied
but in some cases may be omitted.

As previously stated, one may be assured of freedom from pain and fatigue
when this operation is done for arthritis, whether it be caused by gradual degen-
erative changcs, injury, or disease, It does result in some awkwardness in sitting,
and a shght hmp but neither of these objections is serious unless the patient is
engaged 1n some occupation in which a greater range of flexion of the lnp is
necessary. Certainly for those having to stand or walk a good deal or those obliged
to do heavy manual work, it 15 the treatment of choice, provided the other hup is
not affected and the lumbar spine 1s free from arthntis,

Arthrtis of the hip resulting from aseptic necrosis of the femoral head presents
another difficulty, because the avascular head 1s a serious detriment to bone repan
and usually must be removed Arthrodesis of the hup still 1s possible after disap-
pearance of the head, but 1s more difficult, Eather the greater trochanter may be
denuded and fitted mto a notch in the thum or an 1schiofemoral graft of the Trum-
bull type may be done. In this situation many prefer to do some 1econstruction
operation, or a modified arthroplasty

ARTIIRODFS!S OF THE Hip 1v POLIOMYELITIS

AnOther.mdlcahun for arthrodesis of the up, which has not receiyed as much
consideration as it might, is the stabilization of the joint m cases of severe paral-
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After any of these operations the hip 1s immobilized m a plaster spica untit
unton 15 obtained. The Trumble operation 1s done with the patient n the anterior
half of a plaster spica winch 15 applied before operation, This has the great advan-
tage of making it possible to place the hip in the deswed positon before the
operation and of maintaming the position afterward. This always is a difficult
matter 1f the spica is applied after the operation, and yet with the other methods
of arthrodesis it 1s not practicable to carry out the operation with the hip 1m-
mobilized 1n plaster.

The time necessary for the achievement of solid bony union varies greatly but
15 longer m cases of tuberculosis than 1 other conditions. The time 1s longer also
in children than in adults Yu, in the study of a senes of cases operated on at the
New York Orthopaedic Hospital, found that the average tune required for union
in children was 18 months, This is an important pomt to remember and should
deter one from reoperating too soon or of abandoung hope of success too carly.

Whatever method 15 used, one must be prepared for a rather high percentage
of fallures in the first attempt to arthrodese a tuberculous hip. In a series studied
at the New York Orthopaedic Hospital by Hallock and Toumey only 68.7 per cent
were successful after the first operation, After a second and 10 some cases a third
attempt, 87 2 per cent obtained a solid fusion. In certain cases, particalarly those
with abscesses and sinuses, and those in which the disease 1s very active, strepto-
mycin seems to be of defimte value m promotng healing and favoring union, It
appears from studies by Bosworth, and by Smith and Yu, that we may safely
operate on such cases with the help of streptomyein, without waiting an indefinite
penod for the disease to become quiescent. Such delay frequently 15 disastrous,
resulting 1n marked destruction of the whole joint, mcapacitating the patient for
perhaps years, and subjecting him to the danger of dissemination of the disease in
the meantime

Another objection to prolonged immoblization of the extremty m plaster is the
effect on the caleification of the bones They become so seriously demneralized
that fractures occur easily m the epiphyscal plates of the lower end of the femur
or upper end of the tibia, resulting in cessation of growth, Gill described this
condition and explained the frequent occurrence of serious growth disturbances
m these cases It 1s our opmion that prolonged sest has been overdone in the

treatment of bone and joint tuberculosis and that the patient’s general health and
resistance to the disease could be promoted better by effective operative im-
mobilization of the jomnt and earlier ambulation.

The determmation of the minimal age at which the hip can be successfully
fused for tuberculosis 1s important. Some surgeons withhold the operation for an
unnecessarily long time 1 young children n the belief that a fusion cannot be
produced, or that if it is done, a serious disturbance of growth will result, The
youngest patient upon whom the operation was done at the New York Orthopaedic
Hospital was 14 months old. A fusion resulted, the discase was controlled, and
he now has been under obsersation for more than 20 years, The extrematy is well
developed and 15 only 1% inches short Numetous other childien have been
operated on successfully when under five years of age. The difference between
their extremities and those of other children who 1 the past were treated con-
servatively 1s very enhightening, The destruction wiought by the disease and the
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emphasized, however, that the hip
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Arthroplasty of the knee joint has been attempted by many surgeons but has been
less successful than in the hip joint The necessty of producing enough motion to
be satisfactory and at the same thne maintaining stubility of a jomt which is
dependent almost entirely on hgaments for its integrity has been too great a
problem in all but a few cases. 1t is possible often to relieve pan in an osteo-
arthntic knee by removing exostoses, downg a pastial synosectomy, and sometimes
excising the patella. This procedure frequently makes a fusion unnceessary and
there is thus Tess oceasion 1o Tesort 1ot than m simalar involvement of the hip

Since the availablity of streptomy e a number of attempts have been made to
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Fic 9 ~Technic of knce jomnt fusion—Hibbs method The periostenm of the patella has been
sutured to that of the tiba, after which the capsule 1s clos

(Hibbs, R. A New York M J, May, 1917.)

cure synovial tuberculosis of the knee by the use of this antibiotic, either with or
without synovectomy. A few successes bave been reported but there also have
bt‘e.n failures. Years must clapse after the operation before one can be certain of
curing a tuberculous knee with motion, and until the end results are nroved in

; d 'hy fixing the foot and ankle in cquinus. ﬂl/lis.prcs:xppos.e‘s ti\:’p:?e‘n?:
ok good hip extensors o, if they arc absent, arthrodesis of the hip. It should be

and knee should not be arthrodesed on the
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ysis resulting from poltomyelitis, It origmally was done 1n cases in which the
paralyzed hip had sublurated or completely dislocated, In them the effect on the
stability of the eatremity and the marked improvement in the gait was so stuking
that the operation then was done 1 cases in which thete was extensive paralysis
of the hip muscles without dislocation. Hallock has repoted excellent results m
a relatively small series of cases which should encourage a wider employment of
the operation. In several of these cases in which there was a practically complete
paralysis of the entire extremuty, it was possible for the patient to walk well with-
out any brace or other support, by combining the hip fusion with a pantalar
arthrodesis of the foot and ankle. It was found that the ip fusion compensated
for loss of the hip extensors, which usually are essential in order to make a fixed
equinus of the foot stabilize a paralyzed knee It should be noted that in order for
a hip fusion to be successful in these cases there must be good strength in the
quadratus lumborum muscle,

ARTHRODESIS OF THE KNEE

In general, the same conditions which call for stiffening of the hip apply to the
knee joint. It is the only proved treatment for tuberculosis and 1t sometimes is the
only means of relieving pain and restoring the ability to walk in cases of painful
arthnitis of various types. It offers the only means by which the knee can be
stabilized in severe cases of poliomyelitis in which the quadriceps 15 paralyzed.

Fic 8 —Technic of knec jomnt fusion—Hibbs method The articular cartilage has been remored
from the femur and tibia, and the patella bas been mortised between them
{Hibbs, R. A+ New York M. J, May, 1917,)
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ually to increase, the deformity often occurring at the epiphyseal plate cither of
the tibia or femur. It is best in cluldren, therefore, to arthrodese the joint in full
extension.

The simplest means of arthrodesing the knee is to expose the joint through a
cunved transverse incision and then to remove just enough bone and cartilage
from the femur and tibia to leave flat surfaces which fit accurately together. Con-
tact 1s maintained more securely and union is promoted by using some kind of
internal fiaation. This may be done casily by two nails introduced from the femur
into the tibia from each side in the form of an X. Bosworth advocates the use of
one triflange nail, such as is uscd for fractures of the neck of the femur. Whatever
hind of intemal fixation is employed, it is best to use a plaster cast as well, Walk-
ing without weight-bearing may be started in from two to six weeks, depending
on the solidity of the fivation and the pathologic condition of the joint.

Key and, more recently, Charnley pointed out the advantage of compression
in promoting healing in arthrodesis of the knee. Charnley describes a device for
producing this consisting of heavy wires passed transverscly through the femur
and tibia and joined by turnbuckles. By using this he obtained union after
arthrodesing operations much faster than by the usual methods.

A special problem is presented in the case of children with tuberculous knees in
whom 1t is desirable to do an arthrodesis before completion of growth. It is, of
course, essential to avoid any damage to the epiphyseal cartilages. The articular
cartilage is thick and the epiphyseal bone relatively thin. Obviously nails or wires
which would transfix the growth cartilages must be avoided. For this type of
case Hibbs devised an operation in which the articular cartilage is removed from
the femur and tibia without sacrifice of any bone, and the patella then is mortised
in between the femur and tibia. This can be done without exposing the epiphyseal
cartilage. Hibbs preserved some of the anterior attachment of the patella, but to
do so increases the difficulty of the operation considerably and it has been found
possible to obtain a fusion just as well if the patella is completely detached and
then denuded of cartilage.

It should be stated that in doing a fusion operation for tuberculosis of the knee,
1t is not necessary, and indeed 1t frequently is impossible, to remove all of the
tuberculous granulation tissue from the synovial membrane or the bone.

ARTHRODESIS OF THE ANKLE

A number of various diseases, imjuries, and d 2 ative ch

or make advisable arthrodesis of the ankle. Among these are des?rucﬁon of the
Joint by tuberculosis or other infections, osteo-arthnitis, especially that following
injury, and instability due to paralysis. The latter most frequently is the result of
poliomyelitis but may follow peripheral nerve injuries. A fairly common indication
1s pamn and stiffness in the ankle following a severe fracture in which adequate
reposition of the fragments was not made. There is no substitute for an anhn?desis
in relievng such patients from very disablng pam. Arthrodesis of the ankle oft,

is combmet.l with that of the subtalar joint of the foot in weakness caused E"
poliomyelitis. A surprisingly good gait may result from this combined proced, ,
if the proper position of the foot and ankle has been secured. procedure



486 MONOGRAPHS ON SURGERY

same side, eacept possibly for tuberculosis. Fusion of the knee and ankle m the
same leg is not necessanly disabling, especially 1f the extremity s short.

Another use for arthrodesis of the knee 1s to control the disintegration of the
joint from trophic disturbances resulting from lesions of the spinal cord, of which
tabes dorsahs 1s the most common. It sometimes 1s not realized that such knees
can be arthrodesed and that the operation may be the only means of preventing
complete disintegration and severe disability. Of course, 1t should be undertaken
before the changes have become too marked.

Fic 10 —Arthrodesis of the knec i a case of poliomyclitis, using the natls for witcrmal fixation

The disturbance m gait resulting from a stff knee 1s greater than e the hip.
The pendulum swing of a stilf extremity 1s noticeable. The handicap of mability
to flex the knee also is quite great The leg sticks out when the patient sits in a
theater or a public conveyance and is quite annoying There aie some occupations
which cannot be carrsed on with a stff knee These considerations are sufficient
to deter some persons from having the operation for such elective conditions as
stabilization. It 1s surpiising however, that almost without exception those who
have had the operation are pleased with the result and would not trade their stiff
knees for braces

The best position m which to fuse the hnce m an adult with extiemties of
approumately the same length, is m about 10° of fleston This results m a better
gait and makes the leg less awkward in sitting. It has been found, however, that
if this position 15 adopted i the case of growang children, the flexion 15 apt grad-
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scems worth whife o take a film on the operating table before the incision is
closed.

Other methods of fusion have been deseribed, including the use of a bone graft
from the tibia into the talus. In the suthor’s eperience this has seldom been nee-
essary and 1t has not been used beeause it mabes the procedure unnecessanly
complicated. The approach has been varied by going in {rom one side and remov-
ing a malleolus, which is Iater replaced. This also would scem to hase little to
recommend it in favor of the anterior approach.

It is possible to combine asthrodesis of the ankle with that of the subtalar joint.
The best incision is a long anterolateral longitudinal one, simular to that used for
the ankle alone, but prolongvd farther down on the foot. It is surprising how well
the ankle, talocalcancal, tafonavicufar and calcancocuboid joints may all be
esposed through this one incision. It may have been employed elsewhere but the
author first saw it used by Dr. Leon Lantzounis at the New York Orthopaedic
Hospital. If it is necessary to do any carpentry in remodeling the foot, as in
deformities from poliomyelitis, it is better to do the foot and ankle arthrodeses
separately, because in these cases it is too difficult to carry out all of the exacting
steps in both operations at one time.

Exven though internal fixation has been ysed in the anle joint, a plaster cast
should be used eatending from the toes to the mid-thigh. This may be left on for
six weeks or may be changed at two wecks for a cast extending to the knec.
Weight-bearing is not permitted until the end of the sixth week, at which time
another snugly fitting cast is applied and worn until the end of the twelfth week.

ARTHRODESIS OF THE FOOT

Arthrodesis finds its greatest field of usefulness in the foot because deformities
are here so frequent from the effects of poliomyeliis as well as from congenital
causes. Less common are deformities from other diseases of the central nervous
system, such as Friedreich’s ataxia and certain forms of muscular dystrophy. Other
reasons for using this operation on the foot are weakness of the ligaments causing
a so-called flat foot, painful arthritis, tuberculosis of the tarsus, and traumatic
arthnitis due to fractures. In arthrodesing the joints of the foot not onlv can stabil-
ity be attained but deformity can be corrected at the same time, thus‘nccomplish-
ing a twofold purpose.

Lateral motion in the foat takes place entirely in the subtalar joint, whereas
Hexion and eatension occur almost exclusively in the ankle. The subtalar joint is a
compound one comprising the talocalcaneal, which itself is composed of two
separate facets, and the talonavicular Adduction and abduction of the forefoot
take place in the so-called mediotarsal joint which is made up of the talonavicular
and the calcaneocuboid joints. In order to elminate all of the principal mosvements
m the foot, therefore, it is necessary to stiffen all of these joints. This is spoken of
as a tmple arthrodes:s.

1f an arthrodesis is to be done without impairing the development of the foot,
1t must be undertaken after the bones have matured sufficiently so that removal
of camla‘ge from contiguous surfaces will not sacnfice too much of the structure.
Ths varies somewhat in different individuals but usually means that the minimai
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In no joint 1s the position in arthrodesis of greater importance, The foot must be
in enough equinus or plantar flexion to enable the patient to take off on the ball
of the foot m walkmg If the ankle is stiffened with the foot at 90° this 15 not
possible and walking will be most difficult and awkward The optimal posttion 1s
from 95° to 105°, depending on the sex and the relative length of the legs. It 1s, of
course, necessary to compensate by the height of the heel on the shoe for the angle
at which the foot is set. Men, therefore, will be better satisfied with an equinus
of from 95° to 100° and a relatively low heel. Women, on the other hand, usually
will want a higher heel and, therefore, will be better pleased with an equinus of
fiom 100° to 105°.

If the extremity on which the ankle arthrodesis 1s being done is shorter than
the other, it usually will be advisable to increase the equinus a httle in order to
compensate for the shortening Another factor which influences the degree of
equinus 15 instability of the knee joint. It has been pomnted out that fane of the
quadriceps to stabilize the knee may be compensated for by equinus of the foot,
provided the hip eatensors are adequate or a hip arthrodesis is done. In such cases
the ankle should be arthrodesed at not less than 100° nor more than 105°,

It often 15 possible for a patient with a stiff ankle m optimal position to walk
without any perceptible hmp Usually there 15 a compensatory increase m motion
in the subtalar joint and with the foot in slight equinus and a heel of the nght
height walking is unimpeded. These patients do not walk well, however, in their
bare feet or in slippers without heels.

The danger of damage to an epiphysis in children, which was mentioned in the
remarks on arthrodesis of the knee, is present m a still greater degree in similar
operations on the ankle. Here the proaimuty of the lower epiphyseal cartilage of
the tibia to the articular surface makes it very difficult to avord injury to it during
the operation. As a result growth may be stopped m the whole epiphysis or n
part of 1t, usually anteriorly As a result the leg will be shorter, and in case of
mjury to the anterior part of the cartilage, a calcaneus deformity of the foot
gradually will occur with most unfortunate functional results. For these reasons
1t is best to postpone arthrodesis of the ankle until growth is completed, or nearly
s0. An exception to this is tuberculosis of the ankle, where 1t is necessary to
perform the operation without delay in order to control the disease. If this 15 not
done 1t 15 probable that the epiphysis will be destroyed by the mfection. One
therefore must take the chance of operating.

The ankle 15 most easily exposed through an anterior longitudinal meision just
lateral to the extensor tendons. The latter are retracted medially with the yessels
and nerve The articular cartilage is removed with httle or no bone, from the tibia,
fibula, and talus. The space left between the malleoli and the talus after removal
of the cartilage may be filled in with chips from the tibral metaphysis or from any
other source, such as the bone bank.

The advantage of absolute fixation and firm contact which can be achieved by
mternal fixation applies to the ankle as well. This may be done simply by inserting
one or sometimes two screws or nails from the tibia downward through the joint
mto the talus Since the exact position of firation is so important, one must be sure
that this has been attained when the screw is inserted So frequently has the posi-
tion been found unsatisfactory in the roentgenogram taken after operation that it
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on the lateral surface of the foot. Hoke removed the head and much of the neck
of the talus and stressed the importance of corredting deformity by remodeling
the neck and head of the talus which were then replaced. The cartilage and
cnough bone are removed from the other joints to assure good contact and correct
other components of the deformity. This operation has been accepted widely and
probably is the technic most often used in the United States.

Lambrinudi intraduced a new idea in removing enough of the talus and
reshaping it so that ether foot drop or eveessive dorsiflexion could be cheched.
This is intended for the correction of ecither equinus or caleancus deformities
without the necessity for asthsodesing the anlle or using bone blocks, The opera-
tion has been found useful by many surgeons but there have been instances of
relasation and instability of the ankle following its use and the operation has been
accepted with reservations and has not met with universal approsval,

Brewster adyvocates countersinking the talus into the other bones in such a way
as to accomplish the same purposes as the Lambrinudi procedure. This also has
met with limited approval and 1s used only in specially selected cases. It is the
opinion of the author and the group which he represents that in the majority of
cases of flail leg and foot, or in those cases of caleaneus or equinus deformity with
fateral mstability of the foot, a combmed ankle and subtalar, or so-called pantalar
arthrodesis, gives the best results.

dn important point iu correction of varus deformities due ether to paralysis or
congenital club feet is to make certain of overcoming all of the varus. Slight over-
comrection is acceptable but even a slight degree of varus gives a poor result. In
order to insure this powmt not only must bone wedges be taken from the joints but
it frequently helps to divide the'Galcanconavseular ligament from its insertion into
the navicular. This may be done quite casily in the Hoke operation after removal
of the talar head and neck without making a separate incision. It may be desirable
also to divide or lengthen the tendon of the posterior tibial if it is eaerting an
unopposed pull upon the inner side of the foot.

I lengthening of the tendo achills is necessary in conjunction with subtalar
arthrodesis in order to correct equinus, the subtalar arthrodesis should be done
Erst and the foot reshaped before the tendon lengthening. The latter may then be
dun'c at the same operation, but it is regarded as better practice in most cases to
doiitat a second operation about six weeks following the arthrodesis.

Tendon transplants may be desirable in conjunction with arthrodesis in order
to bala.nce and utilize to the best advantage what muscles remain. Even the most
lenthusuhmstic advocates of muscle transplantation state, however, that if there is

ateral instability or deformity of the foot the muscle operations must be accom-
Ealmed by an arthrodesis, because 1t rarely is possible otherwise to achieve a
f:o:nie Sgﬂimently exact, or to have enough residual power to give a strong, stable
nea\:I :l Olflg the .combincd operation of stabilization and tranfpl.amation, 1t
or mzre zﬂ) s hns advisable to do the arthrodesis first and to follmy this in six weeks
Joint 15 3. Y the tendon t‘ransplnf\l‘ The operation of ar(hrodesnis of the subtalar
ton muchT:]or one and if combined with any other procedure is apt to result in

Plantas ﬂ:\{ma, \}nth danger to wound healing )
tis of the f xion o She first metatarsal bone may be present with other deformi-

€ toot and it may be necessary to correct this by an osteotomy through
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age is from 10 to 12 years. This must be disregarded in cases of tuberculosis in
which arrest of the disease 1s the important factor, David Grice has 1ccently
reported a method of arthrodesis which he says has been successful in young
children without impeding the subsequent growth of the foot, It consists 1n
mserting tibial grafts across the sinus tarsi after the soft tissues have been removed
from it. This blocks the motion in the subtalar joint without actually disturbing
the jomt surfaces.

Fic 11.—Hoke arthrodesis of the foot.
(Patterson, R L, Parrish, F. F.,, and Hathaway, E N ] Bone & Jomt Surg, 324.1, 1950 )

Fic 12 ~Tnple arthrodesis of the foot
(Fatterson, R L, Jr, Parnish, F. F., and Hathaway, E N.. J. Bone & Joint Surg, 324.1, 1950 )

Arthrodesis of the subtalar joint first was made popular by G. D, Davis, who
employed the operation for the stabilization of paralytic feet. His technic was
improved by Ryerson who included the talonavicular and call boid jounts
and was the origmator of the so-called triple arthrodesis. Hohe introduced a new
technic in which the three joints were approached through one oblique mcision
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too marhed for treatment by supports and exercises but not so eatreme as to
require a complete subtalar arthrodesis. The procedure has I.hc ud\"nnmgc of
leaving unimpaired the motion in the subt and mediotarsal joints. It is success-
ful in well selected cases, if the technic is carefully followed. A well molded
plaster cast is worn for about eight weeks, at which time a metal arch support is
substituted for it.
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the base of the first metatarsal shaft or arthrodesis of the first metatarsocuneiform
joint This may be done safely at the time of the subtalar arthrodesis.

A limited arthrodesis of the calcaneotalar joint may be indicated in such condi-
tions as deformity or arthntis following fracture of the os caless in which the
talonavicular and calcaneocuboid jomts are not involved. This usually is done
through a lateral incision but Gallie has described a method of introducing a
tibial graft as a mortise through the jomt from a posterior approach, which is
sumple and is said to be effective.

Arthrodesis of the talonavicular joint alone for the cure of flat or weak feet is
advocated by some surgeons. It is somewhat easier to do than a complete triple
arthrodesis, but the fixation thus secured cannot be as strong as though all three
jomts were included, although the limitation of motion resulting from the stiffen-
mg of this one joint is for all practical purposes just as great, It would seem there-
fore to have no real advantage over the complete operation.

It is the practice to apply a plaster cast extending from the toes to the mid-thigh
after a subtalar arthrodesis Since the foot usually swells a good deal, 1t 1s advis-
able to sphit the cast over the dorsum of the foot and ankle, ecept for a narrow
strip over the toes. The cast may be removed at the end of two weeks and a shorter
one eatending to the knee applied after removal of the sutures. The result of the
operation should be checked by roentgenog) before application of the second
cast in order that any displacement of the bones may be corrected if necessary by
manipulation, Weight-bearing in a cast usually 1s started at the end of six weeks
and the plaster is removed at the end of 12 weeks.

MIDTARSAL AND ANTERIOR TARSAL ARTHRODESIS

Some cases of cavus without lateral deformity may be treated by removal of a
wedge through the mediotarsal or talonavicular and caleaneocuboid jouts. This
simplifies the operation, but it does not result in any greater mobility than would
a complete subtalar arthiodesis. In a few selected cases 1n which the degree of
cavus 1s not too great a wedge may be removed from the navicular and cuneiform
and from the cuboid, anterior to the mediotarsal joint. This preserves the motion
m the most important joints of the foot.

NAVICULOCUNEIFORM ARTHRODESIS

Hoke 15 the author of the operation for arthrodesis of the naviculocuneiform
jomnt for the correction of certan cases of weak foot He noted that a study of
roentgenograms of some cases of weak, pronated feet revealed that there was a
sag between the navicular and cuneiforms in the standing position, This suggested
that the foot might be strengthened by stiffening this jomnt. In addition to removal
of the articular cartilage from the navicular and the first and second cuneiforms,
a key of bone, taken from the tibra, is placed in a slot in the navicular and first
cunerform. The jomt 1s locked with the foot 1n 1ts normal position, ie, with the
lougltudinal arch restored If the calf muscle is contracted the tendo achillls must
be lenglhened at the same time,

The operation 15 mtended for moderately severe cases of weak feet which are
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disadvantages, 142
“immediate,” 75
in anatomic orientation during sec-

ondary operations, 77
in avoidance of common duct explora-

tion, 77
in diagnosis of noncalculous obstruction

of common duct, 77
in pancreatitis, 113-119
in stenosis of ducts, 123-124
nonacceptance, reasons for, 78-79
obscuring of anatomy by radiopaque ob-

jects, 97
operative, 75

advantages, 143

air bubbles, 97 .
anesthesia, 81-83

artefacts and misinterpretations, 97-

contrast media, 79-81
producing artefacts, 98
correlation of common duct pressure

[
dyskinesta of gallbladder, 103-104
equipment, 83-84

hustory, 75

hypexﬁgphy of sphincter of Oddi,

wmportance of teamwork, 87

1nadequate filhng, 98

m bile duct tumors, 119-121

m carcinoma of pancreas, 120

in choledochutis, 121-123

m choledochohthiasis, 99-102

mn deformities of the terminal com-
mon duct, 102-105

m differentiation of carcinoma and
pancreatutis, 77
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Carcinoma—continued
cytologic diagnosts. See also Carctnoma
in situ; Lung, carcinoma, Pros-
tate, carcinoma, Serous cavities,
< T .

Bone(s)—continued
cysts, 418-418
benign solitary, 413-416
grant cell, 414
embryogenesis, 393-394
eosmophilic granuloma, 432 ete,
fibroma, 407-410 hustory, 177-179
fibrosarcoma, 434-435 technic, 182-183
fibrous dysplasia, 418-420 wcipient, See Carcinoma m situ
granulomatous lesions, 431-433. See also wtra-epithelial, See Carcinoma in situ
Eosinophthe granul, Hand- ic, in bone, 433
Schuller-Chnistian disease, etc. method, 179-180
Hodghm’s granuloma, 426 non-neoplastic cells, 185-187
1 Hand-Schuller-Chnistian disease, 431- of female gemtal tract, cytologic diag-
432 noss. See also Carcinoma of cer-
vIX in situ
accuracy, 190, 192
material, 181-183
nuclear changes, 188
results, 190-192
technic, 183
of serosal lined cavities, cytologic diag-
nosis, 208-209
premvasive, See Carcinoma 1n situ
squamous cell of lung, cytologic diag-
nosis, 196
stage 0. See Carcanoma in situ
Carcinoma 1 situ,
cytologic method of diagnosis, 192
of cervix uteri, age incidence, 30, 39,
45, 54
compared with that of carcinoma
ufp cervix patients, 54
age of patient at marriage, 37
biopsies i diagnosis, 24, 25, 58-59
cauterization, 33

i Letterer-Siwe disease, 431

in Jeukemia, 430

hposarcoma, 441

lymphangioma, 437, 439

lymphosarcoma, 428-429

metastatic tumors, 433-441

multiple myeloma, 425-426

myosarcoma, 441

neurogenic sarcoma, 435-436

reticulum cell sarcoma, 424

sarcoma, 406-407

tumor, benign giant cell, 420-423

cartilaginous, 394-401. Sce also

Chond Chond;

Osteochondroma, ete

classification, 384

embryogeness of bone and, 393

ant cell, 420-423

of nonosseous origin, 423-411. See
alsa  Angioma, Bones, ecarci-
noma; Chloroma, Ewing’s sar-

coma, Fibrosarcoma, Sarcoma,
ete.

of osseous ongin, 394-423. See also
Chond Chond

Exostosis; Osteoma; Sarcoma,

cervical amputation, 17
chmcal course, 54-56
contzation, 33, 61
conservative treatment, 33
cure rates, 67

cures by cauterization, 27
cytologic method in diagnosis and
study, 64-73

cytology, 53, 64-73

defimtion, 6-11

detection, 58-60

d is, 20-33, 56-60, 64-73
vagnal smears, accuracy of, 67

eprderridahization, 11, 12, 13

equivocal, 29, 30

evidence favoung neoplasia, 53-56

extent, 17, 33

glandular inv ol ement, 25, 26

glossary, 3-4

gross appearance, 37

ete.
ossification and, 393
resorptive, 413-423. See also Bone cyst,
Bone, giant cell tumor, Fibrous
dysplasia, Ostestis Bbrosa cys-
tica, multiple, ete
Breast, cytologic diag, 208
metastases 1n bone, 433, 434
Brewster arthiodesis of foot, 491

Calcaneotalar joint, arthrodesis, 492
Carcinoma, .
covert invasive, of cervix uteri, 43
age madence, 61
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Carcinoma in situ—continued
of corvix uteri-continucd
histologic study, 13-15
history, 20
by sterectomy, 17, 33, 39
1 young, women, 30
incidence, 51
masion, 14-15
defimtion, 2
Kennauner phenomenon, 23
microscopic picture, 6-10
nomenclature, 1-4
Papanicolaon smears in diagnovs,
25, 26, 31, 53, 50, 57
pregnancy and, 30, 45, 46, 52, 53, 62
problem of therapy, 2, 21
radiation therapy, 17
radium therapy, 60-61
regression, 21, 68, 71-72, 73
relation to advanced carcinoma, 16-17
reversible, 21, 68, 71-72, 73
Schuller test, 30-31
sigmficance in biopsy specimens, 15-
16

site of origin, 24, 12, 46, 51
surface involvement, 24-25, 26
treatment, 33-35, 41, 60-62

Cervix uteriscontinued
sypamocolnmar junction as site of cir-
cinoma in situ, 21, 42, 16
sencreal warts, precancerous lesion, 51
Children, itd and develop tal
problems of hip joint n, 327-
392, Sce also Coxa plana; Epi-
physis, slipping: Hip, congenital
distocation; Hip, congenital dys-
plasia, cte.
Chloroma, $29-430
Cholangiography
advantages, 143-114
alleged risks and disadvantages, 142
bifiary tract pathology, 49-126
“delayed,” 75
disadvantages, 142
“immediate,” 73
in anatogie  orientation  duning  sce-
ondary operations, 77
in avoidance of common duct explora-
tion, 77
in diagnosis of noncalculous obstruction
of common duct, 77
in pancreatitis, 113-119
in stenosis of ducts, 123-124
nonacceptance, reasons for, 78-79
t ing of anat by radi

adequate vs inadequate, 68 4 paque ob-
consenvative, 33-35 jects, 97
end results, 66 operative, 75
vaginal smears in diagnosis, 64-70, advantages, 143
See also Papanicolaou test arr bubbles, 97
status, 44 anesthesia, 81-83
Cartilage, 1 eystic degeneration f: and musimterp 7-
455-458 98

munes, 449-453
Cervix uten
amputation for carcinoma m situy, 17
anaplasia, 4, 20, 21
basal eell hyperactivity, 4, 6
carcnoma, climeal bfe, 17
cure rates, 64
n situ. See Carci m situ
of cervix uteri
congemtal erosion, 4
comzation for carcinoma in situ, 17
cavert invasive carcinoma, 43
erosion, cytologic picture, 189
hyperplasia, basilar, 4, 37
leukoplakia, 48
mucus, postcortal examination for sper-
matozoa, 270.271
normal epithelium, 5
papillomas, as precancerous lesions, 51
polyps, cytologic picture, 190
reserve cells, 4, 46-48

contrast media, 79-8L
producing artefucts, 98

correlation of common duet pressure
with roentgenogram, 137

disadvantages, 142

distortion of ducts at injection site, 97

dyskmesia of gallbladder, 103-104

equpment, 83-84

history, 75

hypert;ophy of sphincter of Odd,
110

importance of teamwork, 87

madequate filhng, 98

in bile duct tumors, 119-121

in carcinoma of pancreas, 120

m choledochitts, 121-123

w choledocholthiasis, 99102

in deformities of the teymmal com.
mon duet, 102-105

in differentiation of carcinoma and
pancreatitis, 77
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Cholangiography —continued

operative—contuntied
1ndications, 76-78
wflammation of sphincter of Oddy,

110
manometry dunng, 126-139
narrowing of transduodenal segment
of the common duct, 105-113

risks, 142
roentgen ray technic, 84
spasm of sphincter of Odds, 105-110
techme, 79-87
technical madequacies, 78
through T-tube, 87

postoperative, 75
advantages, 144
febnle reactions following, 140-141
1 testing effects of drugs, 140
manometry and, 139-141
pressure flow studies, 141

“primary,” 75

INDEX

Corva plana—continued

etiology, 361-363
hereditary factor, 363
incipient stage, 364, 365, 367
infectious ongin, 362
aperative treatment, 369
pathology, 364
prognosis, 867
regeneratne stage, 365, 366, 370
residual stage, 365, 366, 370
sex incidence, 361
stages, 363-364
symptoms, 365-366
synonyms, 360
terminology, 360
traumatic origin, 362
treatment, 367-371
Conra vara, adolescent. See Epiphysis, slp-

ping
Cruciate ligaments, 1njunes, 448-449
Curare, to control respiration in operaine
cholangiography, 82

risks, 142
Choledoct hol graphy in. 77,
121-123
Choleducholithiasis, operatne cholangiog.

raphy m, 99-102
Chondroblastoma, 400-401
Chondrodysplasta, 397, 399
Chondroma, 396-399
Chondromalacia, of patella, 459-460
Chondromyxosarcoma, prsmary, 403
Chondrosarcoma, secondary, 404
Chordoma, 440
Colectomy

anesthesia, 168
avoidance of intestnal obstruction as
complication, 168
in ulceratn e colitis, indications, 165-166
weision, 168
mortality, 174
postoperative care, 173
results, 174-175
subtotal, techmic, 168
with proctectomy, one-stage, 170
Colitis, ulceratine See Ulcerative colitrs
Colon, carcinoma, differentiated from co-
hus, 162
“lead pg)e 1n ulceratve cobtis, 161
Common duct, narrowing of transduodenal
segment of, 105-113
termmnal, deformities, 102-103
Cornification, 4
Coxa anteverta, epiphyseal. See Epiphysis,

age incidence, 361

P
Cytologic diJgnnSisDDf carcinoma. See also
Carcinoma 1n situ; Lung, car-
cinoma; Prostate, carcinoma,
Serous cavities, carcinoma; Stom-
ach, carcmoma, ete.
accuracy, 190-191, 192
evaluation of results for routine gyneco-
logie purposes, 192
for screeming purposes, 193
matenal, 181-183
neoplastic cells, 187-190
nuclear changes, 188
results, 190-192
techme, 182-183
Cytology, in diagnosis of carcinoma 1 situ
of cervix uten, 64-73, See also
Papamicolaou test
Cytoplasm, changes in carcinoma, 188-189

Duaphragm
anatomic aspects, 216-222
congemnstal absence of posterior portion,
252-254

congemtal defects, 214-216

clevation, differentisted from
227

eventration, differentiated from herma,
227

hernia,

fixation -by diaphragmatico-esophageal
membrane, 21
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I)l.lpllr.lgm-mnllnurd
hernia, See Diaphramatic hernia
rupture, causes, 224
Diaphragmatic hemnia

abdominal approach, 239-260

anatomic aspects, 216-222

associated congenital anomahes, 235

associated lesions, 244, 245

atelectasis, as postoperative complica-
tion, 264

classification, 2.

climcal symptoms, -228

closure of opening, 230, 248, 251, 251

congemtal, due to malformation and
structural  deficiencies of  dia-
phragm and esophaygus, 249-255

contents, 246, 250, 252, 255, 263

differentiated from eventration or cle-
sation of duphragm, 227

embryologic aspects, 213

esophageal hiatus, 231-245

esophagoscopy, 226-227

“false,” 213

interruption of phrenic nene as pre-
hminary to surgical repair, 229-
230, 239

mediastinal  displacement  complicating
treatment, 263

nontraumatic, 223

para-esophageal type, 219

phrenic nerve nterruption, 229-230,
239, 244

pleural effusion as postoperatine com-
plication, 264

pleuropentoneal hiatus, 250-252

postoperative care, 263-264

poilopemme roentge.nogmms, 24?2, 2863

T

225

Y ) =3
treatment, 263
recurrence, 244, 259
roentgenologic mamfestations, 225-227
short esophagus with thoracic stomach,

234-236

subcostosternal, 245-249
surgical approach, 229, 239, 260
surgical considerations, 228-229, 2.49
surgical procedures, table, 265
symptoms, 227-228, 246
thoracic approach, 229, 260
traumatic, 223-224, 255-263

results of treatment, 261-263
treatment, 238-245
anesthesia, 231
blrxj)d transfusion, 263-264

al displ
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Diaphragmatic hernia—continued
treatment—continued
mastality, 255, 263
pulmonary congestion  complicating,
263

results, 241-215, 234-235, 261
“true,” 213
Diet, in treatment of infertde male, 277,
296
Diodrast, in operative cholangiography, 50
Dislocation, recurrent, of patells, 461-162
Dy schond with | {omatosi

399
Dyskaryosis, 4, 50, 51-52
Dysplasiz, fibrous, 118-120

Ectocensia, epithchum, 156

Ectropion, 1

Elbow, arthrodesis, 474-475

Endocenvix, epithehum, 187

Eadocnine therapy, palliative 1 inoperable
carcmoma of prostate, 321

Endometrial cells, in vaginal smears, 187

Ententis, regional. Sec Regional enteritis

Eosinophilic granuloma, 432

Epidermidahzation, 8, 11-13

Epidid , 1n treat
fertility, 300-302

Epiphysiodesis, 378

Epiphysolysis. Sec Epiplysis, slipping,
372

nt of m-

Epiphysis(es)
capatal femoral, aseptic necrosis. Sce
Coxa plana
d)splsusm in etiology of coxa plana,
62

vascular disturbance in etiology of
coxa plana, 361
damoge to, m arthrodeses in children,
88

shpping, acute, treatment, 378-382
chronic, treatment, 382-385
conservative treatment, 383
diagnosis, 374-376
differential diagnosis, 376
epiphysiodesis, 378
chiology, 372.373
gradual, treatment, 382-353
ncidence, 372
mternal fixation, 378
late stage, treatment, 385-386
operative treatment, 383
pathology, 373

ing, 263 *

prognosts, 374
residual stage, treatment, 385-386
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Cholangiography—contimued
operatn e—contmucd
ndications, 76-78
inflammation of sphincter of Oddi,
110

manometry during, 126-139
narrowing of transduodenal segment
of the common duct, 103-113
nisks, 142
roentgen ray technie, 84
spasm of sphineter of Oddi, 105-110
technie, 79-87
technical inadequacies, 78
through T-tube, 87
postoperative, 75
advantages, 144
febnle reactions followsng, 140-141
1 testing effects of drugs, 140
manometry and, 139-141
pressure flow studies, 141
“pnmary,” 75
risks, 142
Choledochitis, cholangiography m, 77,
121-123
Choledocholithiasis, operative cholangiog-
raphy m, 99-102
Chondroblastoma, 400-401
Chondrodysplasia, 397, 399
Chondroma, 398-399
Chondromalacia, of patella, 459-460
Chondromyxosarcoma, primary, 403
Chondrosarcoma, secondary, 404
Chordoma, 440
Colectomy
anesthesia, 168
avordance of ntestinal obstruction as
complication,
m vkeratie colitis, ndications, 165-168
mncsion, 188
mortality, 174
postoperative care, 173
results, 174-175
subtotal, technic, 168
wath proctectomy, one-stage, 170

Colitis, ulcerative See Ulcerative colitis
i,

Cora plana—contintied
degencratiy e stage, 364, 368, 367
diegnosis, 365-366
differential diagnosis, 366
etrology, 361-363
hereditary factor, 363
incipient stage, 364, 365, 367
infectious ongn, 362
operative treatment, 369
pathology, 364
prognosts, 367
regenerative stage, 365, 866, 370
residual stage, 365, 366, 370
sex incidence, 361
stages, 363-364
symptoms, 365-366
synonyms, 360
termmology, 360
traumatic ongin, 362
tieatment, 367-371

Coxa vara, adolescent. See Epiphysts, shp-

ping
Cruciate igaments, injuries, 448-$49
Curare, to control respiration n operative
cholangiography, 82
Cytologic dragnosis of carcinoma, See also
Carcinoma in situ, Lung, car-
cinoma, Prostate, carcimoma,
Serous cavities, carcinoma; Stom-
ach, carcinoma, ete.
accuracy, 190-191, 192
cvaluation of results for routine gyneco-
logie purposes, 192
for screening purposes, 193
material, 181-183
neoplastic cells, 187-190
nuclear changes, 188
results, 190-192
techne, 182-183
Cytology, in diagnosis of carcinoma in situ
of cervix uten, 64-73. See also
Papanicolaou test
Cytoplasm, changes m carcinoma, 188-189

Colon, caranoma, d from co-
htis, 162
“lead pipe,” 1n ulcerative colitis, 161
Common duct, narrowing of transduodenal
segment of, 105-113
terminal, deformives, 102-103
Cormification, 4

anatomic aspects, 216-222 )

congenital absence of posterior postion,
252.254

congemtal defects, 214-2168

elevation, differentiated from  herna,
227

ife d from hernia,

Coxa anteserta, epiphyscal See Ep n‘:' 3
shppmng
Coxa plana
age incidence, 361

227
fixation by diaphsagmatica-esophageal
membrane, 21
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Hip~contued
. genital dy splasia—
ctiology, 336-339
from appearance of asseous c‘xp'ﬂ.nl
epiphysis to walking stage, diag-
nosis, 344
lereditary factor, 330?’}55':'

!

A
sex incidence, 341
treatment, 349357
with dislocation, before walking stage,
diagnosis, 345347
treatment, 351
with subluxation on appearance of
upper femoral epiphysis, diag-
nosis, 342-344
treatment, 350
congenital subluxation, 342-344
Jer ol 1 prablems in children and
‘infu\ls. 327-392. See also Coxa
plana; Epiphysis, shpping: Hip,
congenital dislocation; Hip, con-
gewtal dysplasia, ete.
Sce Hip, congenntal disloca-
tion
embryologic development, 327-334
Legg-Perthes disease. Sce Coxa plana
osteo-arthnibis, arthrodesis, 483
osteachondntis, See Coxa plana
lysis following poliomyelitis, arthro-
desis, 483
Perthes’ disease. See Coxa plana
postnatal deselopment, 331335
prenatal development, 327-334

Tisl,

1lcostomy
anesthesia, 166
comphcations, 171-173
double barrel, 167
cnd, 167
in ulcerative colitis, indications, 163-164
incision, 167
mortality, 166, 174
postoperative care, 170
procedure, 167
results, 174-173
technic, 166-168
Heostomy bag, 171, 172, 173
teum, inflammatory discase. See Regional

cntentis
Iuctsions, in surgery of knce, 466-163
Infants, o I and devel

7
problems of hip jomt m, 327-
392. See also Hip, congenital dis-
location; Hip, congemtal dys-
plasa, ete.
Infertshty (male)
aleoholic consumption and, 274-275
astificial isemination and, 304
chorionic gonadotropins, 298
coital habits and, 276
correction of pemle abnormaltics, 299
diet, 277, 296
epididymovasostomy, 300-302
excrcise, 296
genitala, 279, 283
gonorrhea and, 273
history taking, 271- 278
hormone admmistration and, 273, 297,
299

homxmn.al therapy, 297, 299
inc o

primary anterior disl diag
3.

:)
tuberculosis, arthrodesis, 477, 482
1 . Yoo eer

It
E

KlinEfehCl"; syndrome, 286
Yiver damage and, 273

PP

n Op lograp
79, 80
Histiocytes, in vaginal smears, 187
Hodghin's granuloma, bone marrow,
426

Hole arthrodesis of foot, 490

Hormone therapy, n male wlertibity, 275,
297, 299

Hot flushes, following orchiectomy, 322

Huhner test, i study of infertile male,
270

Humeroscapular joint, arthrodesis, 473
Hypothyroidism, juvemle osteoch a

I and, 271

rhy s:xcal examination, 278-283

Ppituitary gonadotropins to be avoided,
298

1 a 3

P
268 ot o
prostatic examnation, 283

prostatic massage, 303-304

semen analyss, technic, 288-295
testicular biopsy, 283-288

thyroid therapy, 297-298

tobacco consumption and, 274

& 3-305

See Coxa plana
Hysterectomy, total abdominal, in car.

cinoma in situ of cenvix yteri
P ix uter, 17,

undescended testicles, 303
varicocele, 280

treatment, 303
venereal disease and, 273
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Epiphysis(es)~continued
shipping—continued
roentgenographic diagnosis, 375
Smith-Petersen nailing, 385
stages, 373
surgical measures to prevent furthe:
shpping, 378
treatment, 376-386
types, 373
Esophagoscopy, in draphragmatic hernia,
228.-227

Esophagus
carcmoma, cytologic diagnosis, 206
congenitally short, 234
traumatic ulcer, 237
Estrogen deficiency, demonstration in Pa-
pantcolaou test, 185-186
Estrogen effect, demonstration in Papan-
scolaou test, 186
Ewing’s sarcoma, 423-424, 425, 426
Exostosis, 394-396, 397

Femur
aseptic necrosis of capita} epiphysis. See
Coxa plana
blood supply, 330-334
dysplasia of capital epiphysis in etiology
of coxa plana, 36
embryologic development, 329
fracture of condyles, 465
vascular disturbance of capatal epiphy-
sis, in etiology of coxa plana, 361
Fibroma, ossifying, 407-408
parosteal ossifying, 409-410
Fibrosarcoma, 434-435
Fibrous dysplasia, 418-420
> 467

v 245248

Fi thol m t mye-
loma, 425 pem

Frejka’s splint, for congenital dislocation
of hup, 350, 351

Gallbladder, dyshinesia, 103-104

Gallstone, overlooked, indicating cholan-
grography, 7

Gangla, of knee joint, 454-453

Gonadotropins, chorionie, i male infer-
ubty, 298

INDEX

Hand, arthrodesis, 475-476
Hand-Schuller-Christian
changes, 431-432
Hemorrhage, massive, 1n ulcerative colitis,
indicating sleostomy, 164
Hepatic duct, sphincters in, 94
stenosis, cholnngxogm?.hy and, 123

disease,  bone

Hepatitis, cholangjography m, 77
Hernia
diaphrag See Diaphragmatic her-

ma
esophageal hiatus, 219, 220, 227, 231-
245

associated lesions, 244, 245

classification, 232-234

confused with didatation of Jower end
of esophagus with relaxation of
gastrie cardia, 236

recurence, 244

trcatment, 238-245

results, 244-245
nontraumatic, embryologic aspects,

214

parastemnal. See Hernia, subcostosternal
physiologic umbilical, 1n embryo, 215
pleuropenttoneal hiatus, 250-252
retrosternal. See Hernia, subcostosternal
subcostosternal, through foramen of
Morgagni, 245-249
substernal. Sce Hernta, subcosternal
Hibbs arthrodess of knee, 487
Hibbs asthrodesis of hip, 478
Hip
arthrodesis, 477-484
arthroplasty, 1n shpping of upper fem-
oral epiphysis, 386
blood supply, 330-334
cangemtal dislocation, 335-360, See also
Hip, congenital dysplasia
immobilization following reduction,
353-355
operative treatment, 358-360
osteotomy in closed reduction, 357
primary antenor, diagnosis, 347
reduction, 832-357
sex meidence, 341
shelf operation, 358, 359
traction in treatment, 357
treatment, 349-360
after walking stage, 357
Trendelenburg test 1 diagnoss,
348

types, 340
o ta dyspl bilateral, 344

Gonorthea, in etiology of male infertility,
273

Cmnulum;, eosinophihe, 432

dragnosis, 341-347
after walling stage, 347
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Manometty—continned
during oper._cholangiography—cont'd
correlation of common duct pressure
with roentgenogram, 137
drugs and, 134
factors influencing common duct pres-
sure, 131-137
peeuluarities of spluncter of Oddi

and, 1
techuie, 128-131
ative Tol. i } and,
T 139-141 e

Mediastmum, displacement, comphcating
repair of duphragmatic hemia,
263

Metaplasia, epid al g

505

Osteochondromatosis, of knee joint, 457-
158

Osteoid osteoma, 409
Osteoma, 407-108
osteoid, 409
parosteal, 409-410
Osteotomy, in closed treatment of con.
gemta) dislocation of hip, 357
in slipping epiphysis, 385

Pancreas, caranoma, operative Lh()l.xngi-
agraphy and, 120

Pancreatic duct, radiographic anatomy,
93-94

in, 94

changc‘, 50 N
squamous cell, 4, 48
Mutfueci's syndrome, 399
Multiple myeloma, 125-426
\Myeloma, endothelial, 423-424
Myeloma, multiple, 425-426
Myelotrast, in operative cholangiography,

0
Myositis ossificans, 411-412, 413
Myositis ossificans progressiva, 412

NaV 1! I

joint, arthrodesis, 492
Neo-1opax, 1 operative cholangiography,

Nene, phrcnic, interruption as preliminary
to repair of diaphragmatic her-
nia, 229-230, 239

Nuclear changes, i carcinoma, 188

Qccupation, male infertihty and, 271, 296
Oligospermna, chorionie gonadotropn ther-
apy, 299
Op shelf, for congenital disl
of hup, 358, 359
Orchiectomy, m 1noperable prostatic car-
cinoma, 321, 322
Ossification, bone tumors and, 393
Ostertis fibrosa, polycystic, 415, 416
Ostestus fibrosa cystica, multiple, 416
Osteitis  pubus, complicating  retropubic
prostatectomy, 318
Osteo-arthritis, of hip, arthrodesis, 483
Osteochondnitis deformans coxae Juyembs.
See Coxa plana
Osteochondntis dissecans, of knee joint,
7

Oslccc}mndm—ma, 394.396
multiple, 395-398, 397

.
Pancreatitis, cholangiography 1n, 113-119
differentiated from caremoma by chol-
angiography, 77
Pantopaque emulsion, in operative chol-
angiography, 80
Papanicolaou smears, in diagnosis of car-
cinoma 1o situ of cervix uter,
25, 26, 31, 53, 56, 57
Papanicolaou technie of cytologic diag-
nosis of carcinoma, 178, 180.
See also Carcinoma in situ;
Lung, caranoma; Prostate, car-
cinoma, Serous cavitles, carci-
noma, Stomach, carcinoma, ete.
Papillomas, of cervix utert, as precancer-
ous lesions, 51
Parakeratosis, 4
Paraleulokeratosis, 4
Patella
anatomy, 458
chondromalacia, 459-460
dislocation, recurrent, 461-462
fracture, 462
hypertrophic, 460
rupture of tendon, 463
tendon, rupture, 463
Patellaplasty, 460, 461
Pelvic inflammatory disease, cytologie pic-
ture, 189
Pemis, correction of local abnormalities 1n
treatment of ifertiity, 299
Perthes’ disease. See Coxa plana
Phrenic nerve, interruption as prelminary
to repair of diaphragmatic her-
nia, 229-230, 239
Pitwtary gonadotropins, to be avoided in
Lreatment of male infertility,

Pleural effusion, following repair of dia.
phragmatic hernia, 264
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Infertshity (male}~centinued

vatanun therapy, 277
insemination, artificial, 304
Todech

INDEX

Knee—contmued
median parspatellar approach, 166
osteochondntis dissecans, 456
ostoochand

1, in operative chol graphy,

hrradation therapy of carcinoma of female
gemtal tract, checking of resuits
by cytologic techme, 190

Joumdice, mdicating cholangiography, 77
Jodawal, 10 operstive chol.mgiog.xgh{',’ 79,
50

Joints, 1

tosis, 457-458
pain referred to, 468
postenor approach, 468
recurrent meniseus injuries, 452
referred poasa, 468
Robert Jones approach, 467
% in injuries of )
cartilages, 455-452
rupture of quadnceps and patellys ten-
dons, 483

arvest by avtbrod

Reratizaton, 4, 49
Kerntauner phenomenon, w QANmamd m
sits of cenvix uteri,
Khinefelter’s syndrome of male fertility,
285, 286
Knee. See alse Patella N
anatomy, 443-445
anomales, 453-455
antersor q(;mdnceps dividing approach,

46!

arthvodess, 484487

inpinien, 468
arthroplasty, 485
bayonet mcision, 468
bony architecture, 445
“bumper” fracture, 463
comlined anteroposterior wasion, 467
congennal anomakies, 153433
congentta) ganglo, 454
cruciate hgaments, myuries, 448-449
degenerative ganglion, 455
Siscoid memseus, 453
examinabion, 445-447
femorat condyle fracture and, 463
Fisher wamon, 467
fractures, 462-485

of tibmaf tables, 463-465
gangha, 454-485
tucistons, 466-463
wjures, of mentscus, 430, 451

0 cruciate higaments, 418449

so internal collateral bigament, 347
mternal  derangements,  exammation,

445-447

Tateral menwscus, cyst, 458
“lockng,” 432

medisn parapatellas approach, 466
memseus, discord, 453451
mdlisie mcisson, 468

cartilage, cystic degeneration,

455-458 i g
injuries, 449-453

supparting structares, 443

swegreal approaches to, 466168

tests of motion and stability, 443

tibial spine fractures and, 463

traumatic conditions, 447453

traumatic ganghon, 455

Lambonud: arthrodess of foat, 491
Larxey’s space. See Foramen of Morgagni
LeggCalve-Perthes  disease. See  Coxa
lana
chg-PenEas disease, See Cona plana
Letterer-Siwe disease, bone changes, 431
Leukema, bone changes, 430
Leukoplakia, defined, 4
of cervix uten, 49
Lagaments, cruciate, wjunes, 448-49
Lipiodme dragpostic, in operative cholan-
giography. 78
Laprodol, m operative cholangiography, 74
Laver damage, male infertlity and, 273
Lung
carcinoma, eytologic diagnoss, 1941989
accuracy, 198189
matensal, 194
neoplastic cells, 198-108
non-peoplastic cells, 195
sesults, 198
Lymphaugioma, s bone, 437, 43%
Lymphosarcoma, bone imob ement. 428-
429

Male, stersbity 1 See lafertihity, male
Male acx hormones, 1w therapy of wfer-
nhty, 275, 297, 299
Manometsy
dunng operative cholangiegraphy, 126-
139
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Manometry—continned
during “oper. cholangiography—contd
correlation of common duct pressure
with roentgenogram, 137
drugs and, 134
factors influencing common duct pres-
sure, 131-137
peculianties of sphincter of Oddi
and,
technic, 128-131
postoperative  cholangiography
139-141

and,

Mediast: lisplacemen ting

t, li 4
repair of di.\phr.lgm-llk.‘l hemia,
263

Metaplasia
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Osteochondsmateniy, of knee joint, 437-

38
Ostenid osteoma, 409
Osteoma, 407- 108
osteoid, 409
parosteal, 109-410
Osteotomy, n closed treatment of con-
gemtal distocation of hip, 357
in slipping epiphysis, 383

Pancreas, carcinoma, operative cholangi-
ography and, 120

Panereatic duct,  radiographic  anatomy.,
3-9

pidermal,  prec.
change, 50
squamous cell, 4, 48
Muiiucar’s syndrome, 399
Multiple mycloma, 125-426
Myeloma, endothelial, 423-421
Myeloma, multiple, 425-126
Myelotrast, in operative cholangiography,
79

i
Myoutis ossificans, 411-412, 13

Myositis ossificans progressiva, 412

1

Xavie f joint, arthrod 492
Neo-iopax, 1 operatnve cholangiography,

79, ’
Nerve, phrenic, wierruption as preluninary

phincters in, 91
Pancreatitis, cholangiography s, 113-119
differentiated from caremoma by chol-
angiography, 77
Pantopaque emulsion, in operative chol-
angiography, 60
Papanicolaou smears, in diagnosis of car-
cinoma in situ of cervix uteri,
25, 26, 31, 53, 56, 57
Papamcolaou technic of cytologic diag-
nosis of carcinoma, 178, 180.
See also Carcinoma 1 situ,
Lung, carcinoma; Prostate, car-
cinoma, Serous cavities, carcl-
noma, Stomach, carcinama, cte.
Papillomas, of cenix uteri, as precancer-
ous lesions, 51
Parakeratosi

to repair of duphragmatic her-
nia, 229.230, 239

.

Nuclear changes, i earcinoma, 188

Oceupation, male infertiity and, 271, 296
Oligospermia, chonionic gonadotropin ther-

apy, 299

Op ,fs elf, for g 1 disl
of hip, 358, 3

Orch s E’n 5!‘,‘ tati

cinoma, 321, 322
Ossification, bone tumors and, 393
Osteitis fibrosa, polycystic, 415, 416
Ostestis fibrosa cystica, multiple, 416
Osteitss  pulns, complicating retropubie

Drostatectomy, 318
Osteo-arthnitis, of hip,“arthrodesis, 483
Osteochondntis deformans coxae ]’uvemhs
See Coxa plana '
Osteachondntis dissecans,

456-457 "
Osteochondroma, 394.398

multiple, 395.306, ag7

of knee jomt,

Paraleuhokeratosis, 4
Patella
anatomy, 458
chondromalacia, 459-460
dislocation, recurrent, 461-162
fracture, 462
hypertrophic, 460
rupture of tendon, 463
tendon, rupture, 463
Patellaplasty, 460, 461
Pelvic inflammatory disease, cytologic pie-
ture, 189
Penis, correction of local abnormalities 1
treatment of infertiity, 299
Perthes’ disease. See Coxa plana
Phrenic nerve, interruption as preliminary
to repair of diaphragmatic her-
nia, 229-230, 239
Pituitary gonadotropins, to be avoided in
treatment of male mfertility,

Pleural effusion, following repair of dia-
phragmatic hernia, 264
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Poliomychtss, arthrodesis of hup jount fol-
lowing, 483-484
Postoperative care
after colectomy, 173
after sleostomy, 170-173
after protectomy, 173
m draphragmatie herna, 263-264
Pregnancy, carcmoma in situ of cervix
utert and, 30, 45, 46, 52, 53, 62
changes m yagmal epithehum, 156
Prostate
adenoma, 320

bemgn hypertrophy,  euology, 309
310

site or ong, 309
caremnoma, 318-322
eytologic dagnoss, collection of ma-
fenal, 199
neoplastie cells, 201-203
non-neoplastic cells, 199
results, 203
metastases in bone, 433-434, 435
exammation n mfestide male, 283
massage, w wlestibiy, 303-304
permeal vemoval. See  Prostatectomy,
penneal
stte of ongw of carcinoma, 319, 820
transurethral resection, 311-814
campliations, 313
wartality, 313
Prostatectomy
of
rates wath vanous routes, 313,
315, 817, 322
penineal, 314-315
radieal perseal of Young, 921
rctmpugxc, 317-318
suprapubre, 315.317
total pertneal, complications, 321
Prostatic surgery, history, 311-312
» treated 't
tion, 311-314
Protectomy, n ulcerative colts, indica-
tions, 166
mortabty, 174
postoperative care, 173
technue, 169-170
with colectamy, one-stage, 170
Pseudopolyposis
colonie, 161
indrcating sleostomy, 164
foll 7 1

badhty and (.

1 resec-

for

4 , a8
colectomy, 165

Pulmonary congestion, compheating treat-
ment of diaphragmatic herma,
263

INDEX

Puttr’s diagnostic triad 10 congerutal sub-
Ination of hip, 342

Puttl’s sphints, for congenital dislocation of
hip, 356

Radiation therapy, not indicated in pros-
tatie caranama, 322
of caramoma i sitw of cervix uterd, 17
Radiam, in treatment of carcinama in sifu
of cervix ulerf, 60-81
Royapake, in operatve cholangiography,
80

Rectum, I

cytalogic

surgical removal. See Pioteciomy
Regonal enteritis
Jseute, 150
age inadence, 149
appendectomy and, 153
chmeal picture, 150-151
compheations, 153
duartheal type, 151
differentiated from ulecrative cohtis, 162
emotional factor, 150
etiology, 149
inerdence, 149
mortality, 136
obs}truchona], 150
athology, 150
facm) n%c};dence. 150
results of treatment, 154, 156-157
roeatgenographic diagnasis, 151-152
sex wncidence, 149
treatment, 152-155%
vagotomy, 185
Rehalnbtation, s myuries of semlimar car-
tlages, 453
Reserve cells, of cervix sten, ¢
Reticnlum cell sarcoma of bone, 424
Robert Janes ncision, m surgery of hnee,
4{‘}3)7 bl
& erapy, 1 tnoperal
carm'n};fna, 322
Roentgenography
iaphragmatic hermia, 226
10 injuries of semilunar eartilages, 451
in regronal ententis, 151-152
in shpping epiphysis, 875
1 uleerative cohts, 161

Sarcoma .
extrasheletal osteogenic, 412-413
Ewing’s, 123-424, 425, 428
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Sarcoma~continued
neurogenic, invading bone, 135-136
vsscous, 406-413
asteoblastic osteagenic, 108
osteogenie, vantics of, 401-113
mtcoktic osteogenic, 108407
reticulum ccll, of bone, 124
Schuller test, i carcinama in situ of corvix
uterd, 30-31
Semen
analysis, 269
technic, 258-295
collection, for analysis, 269
Semulunar cartilage, cystic degencration,
435-458
injuries, 119133
Serous cavities, carcinoma, cytologic diag-
nosis, 208-209
Shelf operation, for congy
of hip, 338, 359
Shoulder, arthrodesis, 473474
Sigmoidoscopy, in ulceratine colitis, 160
Sims-Huhuer “test, in study of infertile
male, 270
Shiodan sodium, in operative cholangiog-
raphy, 79, &)
Smth-Petersen nuling, in slipping of up-
per femoral epiphy sis, 355
Smuth-Petersen vitallium cup arthroplasty,
i slipping of upper femoral
epiphysis, 366
Spermatic cord, abnormalities, in etiology
of male infertility, 301
Spermatogeness, effect of drugs on, 275
effect of testosterone on, 269
Spermatozoa
morphology, 292
staining technics, 293-295
technic of counting, 290-292

Sphincter of Oddy i
b - a

Al dish

Pressu‘rc. 133 M
anatomicophy siologic studies, 103
gbmsis, llp?. ? © t
rtrophy, 110
uﬁ)ncmmalion, 110-112
prolonged spasm, 108-1i0
spasm following exploration, 137
S li‘ransxtory spasm, 105
phnts, in congenital dislocation of hij
350351 o o e

Sputum, cytologic examination, in diag-
nosis of pul Y i
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Stemmach, carcinona, cytologic dugnovs,
2006207
thoracie position, fn diaphragmatic her-
nia, 234
Stratification, 4
Stratum genminativum, 4
Subtalar joint, arthrodesis, 190

Talonavicular jomnt, arthrodesis, 192

Tendo achillis, lengthening in subtalas
arthrodesis, 191

Tendon transplants in arthrodeses of foot,

Teneybral, in operative cholangiography,
79

Terminal entenis. See Regional enteritis

Testes, maldescent, infnhh(f' and, 303

Testicular biopsy, m infestile male, 2563-
258

Testosterone, cffect on spermatogencesis,
269, 273, 299

Thorotrast, in operative cholangiography,
79, 80

Thyrowd therapy, m male infertility, 297-
298

Tibial spines, fractures, 463
‘obacco, excessne use of, male infertihty
and, 274
Transfusions, in surgical repair of dia-
phragmatic hernia, 263-264
Transthoracic vagus resection, in ulcera-
tive colitis, 162, 164
Trauma, in etiology of coxa plana, 362
m etiology of slipping of upper femoral
epiphysis, 372
burg test, in diagnosis of con-
gemtal dislocation of hip, 348
Trumble arthrodesis of hip, 481, 182
Tul , of hip, arthrodesis, 477
Tumors, benign, diagnosis by cytologic
method, 189

Ulceratnve colitis
clinical course, 158-159
colectomy, mndications, 163-166
course following ileostomy, 163
dehnition, 158
diagnosts, 160-162
emotional factor, 158
exacerbations, 138
fullnwir‘lg ileostomy, as indication for
165

s 194
quamous cell metaplasia, 4
Stenlty, in the male, Se Infertility, male

5l
farlure of medical treatment indrcating
ileostomy, 163
bistory, 160
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Pohiomyehtis, arthrodesis of hup joint fol-
lowing, 483-484
Postoperative care
after colectomy, 173
after ilcostomy, 170-173
alter protectomy, 173
m diaphragmatic hernia, 263-264
Pregnancy, carcinoma m situ of cervix
uteri and, 30, 45, 46, 52, 53, 62
changes i vaginal epithelium, 166
Prostate
adenoma, 320
bemgn hypertiophy, etivlogy, 309-
310

site or ongn, 309
carcuoma, 318-322
eytologic diagnosis, collection of ma-
terial, 199
neoplastic cells, 201-203
non-neoplastic celfs, 199
results, 203
metastases in bope, 433-434, 435
examination in infertile male, 283
massage, in infertility, $03-304
perineal removal. See Prostatectomy,
perneal
site of origin of carcinoma, 319, 320
transurethral resection, 311-314
complications, 313
mortality, 313
Prostatectomy
comparison of morbichty and mortality
rates with vanous routes, 313,
315, 317, 322
perneal, 314-315
radical perneal of Young, 321
retropubic, 317-318
suprapubie, 315-317
total perineal, complications, 321
Prostatie surgery, history, 811-312
Prostatism, treated by transurethral resee-
von, 311-314
Protectomy, m ulcerative coltis, indica-
tions, 1
mortahty, 174
postoperative care, 173
techme, 169-170
with colectomy, one-stage, 17
Pscudopelyposs
colonje, 161
ndicating ileostomy, 164
foll i s

4 a or

colectomy, 165

Pulmonary congestion, comphcating treat-
ment of daphragmatic hernia,
263

INDEX

Putti’s diagnostic triad in congennal sub-
Juxation of hip, 342

Puttr’s splints, for congemtal dislocation of
Yup, 350

Ra N 8-

H.xd-u;m-, in treatment of carcinoma in situ
of cervix uteri, 60-61

Rayopake, in operative cholangiography,
§6

Rectum, carcinoma, cytologic diagnosis,
207

surgical removal. See Protectomy
Regional enteritis
acute, 15¢
age incidence, 149
Jflpendecmmy and, 153
chmgeal picture, 150-151
complications, 155
diarrheal type, 151
differentjated from ulcerative colitis, 162
emotional factor, 150
etiology, 149
ncidence, 149
mortality, 156
obstructional, 150
athology, 150
Fz\cial ir?c’idcnce, 150
results of treatment, 154, 156-157
roentgenographic diagnosis, 151-152
sex incidence, 149
treatment, 152-155
vagotomy, 155
Rehabilitation, in injunes of sermlunar ear-
tilages, 433
Reserve cells, of cervia uterd, 4
Reticulum cell sarcoma of bone, 424
Robert Jones incision, in surgery of knee,
467

R B tatic

I

therapy, in i
cnrcin%)r’nn, 322
Rocentgenography
in diaphragmatic herua, 226
in injuries of semilunar cartilages, 451
in regional ententis, 151-152
mn shpping epiphysis, 375
in ulcerative colitis, 161

Sarcoma.
extrasheletal osteogenic, 412-413
Ewing’s, 423424, 425, 426
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Ulcerative cohtis—continued
ileostomy, indications, 163-164
technic, 166-168
tleostomy bag, 171, 172, 173
local perforation indicating ileostomy,
164

massive hemorrhage, indicating colec-
tomy, 165
indicating ileostomy, 164
pathology, 159
pmui‘clnn'ly, mdicat‘w‘r‘ls, 166

polypasts, g s
as dication for colectomy, 165
mndicating ileostomy, 164
1ectal mvolvement, 158
remissions, 159
roentgenographic diagnosts, 161
sigmordoscopy, 160
small bowel mvolvement, 159
stricture indicating ileostomy, 16+
surgical treatment, See also Colectomy,
lleostomy, Protectomy
prneiples of, 162-163
results, 174-175
secondary active disease indicating ile-
ostomy, 164
transthoracie vagus resection, 162, 164

P

INDEX )

Umbrathor, in operative chol
79, 80

Urnary tract, carcinoma, cytologic diag-
nosis, 203-206

Uropathy, obstructive, etiology, 310

Uroselectan, in operafive cholangiography,
79

giography,

Vagmal smears. See Carcinoma, cytologic
diagnosis

Vaginitis, atrophic, cytologic picture, 189

Vagotomy, 1n regional ententis, 155

Vagus resection, transthoracie, 1n ulcera-
tive colitis, 162, 164

Varnicocele, infertility and, 280

treatment, 303

Veneieal disease, in etiology of male mfei-
tihty, 273

Vitamin deficiency, in male infertility, 277

Warts, venereal, of cervis uters, as pre-
cancerous Jesion, 51
Wrist, arthrodests, 475-476



