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SURGERY OF THE
ADRENAL GLANDS






INTRODUCTION

Dunine tue last 30 years remarkable advances have been
made m our hnowledge of the normal and abnormal
adrenal glind These have included among many recog
nition and successful surgical treatment of functioming
tumors of both the adrenal cortex and medulla 1s0lntion
and synthesis of 1 number of crystallme adrenal hormones
utihzation of these steroids m the treatment of adrenal in
sufficiency secondary to disease or removal of the adrenals
¢xtenstve exploration of the biologic properties of these
compounds m health and disease and inquiry mto the
effects of partial and complete adrenalectomy m seseral
disease states  Whereas 1t 1s beyond the scope of this
monograph to revtew adequatcly the mass of chnieal and
laboratory datr winch pertun to these advances it 1s ne
cessary to present i n abbreviated fashion certam current
concepts of adrenal function which relate to the diagnoss
and treatment of adrenal states amenable to surgical
therapy
In presenting the chmieal picture of patients with
wdrenn] tumors representitne examples have been chosen
wnd their chinical Iustories grven m detul This 1s done
m the beltef that this method of presentation provides 4
clearer picture of each condition than that which s furn
1shed by 1 listing of the frequency of symptoms in g Jarge
31
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DEVELOPMENT

AccorpinG To Witschi #° m birds and reptiles where the
ongin of the adrenal 1s most easily studied the adrenal
cortex anses from dorsally situated strings of cells dernved
from the blastema cords along the median borders of the
mesonephric bodies Ventrally situated cells from the
same area take part mn the formation of the primordial
gonad folds contributing the medulla of the gonad Thus
the adrenal cortex and gonad medulla have 2 common
ongin in the mesone; ephric blastemn and are of mesodermal
ongin This common ongm of adrenal cortex and gonad
medulla the Intter gving nse to the interstitial cells of
the testis or the theea cells of the ovary has caused sev
eral authors to suggest that at times cells potentially eap
able of forming gonadal hormones may be ncluded m
the adrennl

Inmin the first traces of the adrenal cortex re found
1t the beginming of the fourth v eek of hfe (6 mm embryo)
at which time cells which lie between the mesonephric
fold and the root of the mesentery begin to prolfer
ate 1'° 13 At this time and for a short time thereafter
coelomie epithelium 1s 11 direct continuity with subjacent
mesenchyme (Figure 1 A and B) Rapld growth occurs
and at 12 mm ymal densations
arc evident (Flgure 1 C Figure 2 A and B) With fur

{s1




4 Surgery of the Adrenal Glands

series of cases It will become evident that many of the
examples presented have been studied by our colleagues
particularly Dr Lawson Wilkins and Dr John Eager
Howard We are mdebted to them not only for permis
sion to use case matenal but also for their unfailing co
operation m the climical management of these and othe
patients with adrenal disorders We are convinced that
tlus cooperation between imntermist and surgeon cannot
be emphasized too strongly We are also deeply mdebted
to the many scholars in medicine who have done so much
to increase the accuracy of diagnosis of adrenal disorders
and to mmprove treitment e have given credit where
credit seemed due

We hope that the reader will profit directly from this
presentation and more 1mportant that he will be sumu
lated to rend authontative source maternal presently avail
able and ppearing m mereasing volume
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Digure 2 Indifferent stage of the human gonad 1illustrated by

transverse sectons A at 12 mm mcluding associated regions

(after Prentiss x82) B at 12 mm showing structural detmls
(x550)

brings them to the center of the gland and at birth
arringement m cords 1s complete In the clasmobranch
fish the cortex ind medulla eust as separate glands un
jomed m amphibins reptiles and birds the chromaffin
cells are scattered through the mesodermal tissue only m
mammals 15 a definite medullr encapsulited by cortex
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Figure 1 Development of the human suprarenit gland shown

m transverse sections A at 8 mm (x24) B detul of area

marhked by 1 rectangle 1n A (x75) C at 12 mm {(x20) D at
16 mm (x24) E at four months (x70)

ther mcrease 1n size the enlarging adrenal cortex projects
from the dorsal wall of the coelom between the urogenital
organs ind the mesentery Here they continve to enlarge
becoming relatively huge In an eight weeks embryo the
adrenal 1s as large as the kidney ind at birth 15 one third
as large

The adrenal medulla is of ectodermal ongin ansing 1n
common with sympathetic ganghon cells from primitive
cell masses of the neural crest In human embryos of 16
mm when the provisional cortical mass 1s surrounded by
permanent cortex masses of cells derved from the primy
tive sympathetic gangha grow ventrally and penetr it
the cortical primordium on 1ts medial side (Figure 1 A
B C D and E) At this stage they begm to cxhibnt the
chromaffin reaction Continued migration of the ¢ cells
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Figure 3 Reml and suprarenal artenes  night side
Tugure 4 Renad suprarenil and assoonited astenes and vemns
left side
Tigure 5 Renal and supraremal veins nght side  Suprwenal
vem as regulirly s short read vemn pured represents a rela
tively uncommon arrang ment
Tigore 6 Henal supraremit and tnbutary semns  left side
Renal van of standard type reecives suprarenal phrenie and
capsulay dramage cromally candally st recenes gonadal (here
spermatic) vein

cortex ean be dinided lustologrenlly from without mward
wnto three vaguchy defined Iners the zona ¢ lomerulosa
zona fuerculata and zona retienlans (Digare 7)) Based
on the distnbution of doubly refricting lipid drop



I
STRUGTURE

In e apurr the adrennl glinds are parred yellowish
m color, flattened and tnangular to semilunar m shape
measure approximately 40 x 25 x 05 centimeters weigh
35 to 50 grams ench and are situated at the eranial end
of each hidney Atrophy can be recogmzed grossly the
gland appearing paler thimer and smaller than the nor
mal but hyperplisia may be difficult to recognize esther
grossly or microscopically

The blood supply 1s considerable and varnable Anson
et al ® have shown that the adrenal arterses derived from
the nferior phrenic nortic and renal artertes may be ex
ceedingly numerous at tumes thewr number attuning a
total of 50 or more at the periphery of the glind (Figures
3 and 4) No similanty m pattern custs between artertes
and vemns Whereas adrenal arteries are numerous and
small adrenal vems are sigle Inrge and constant m pat
tern On the nght side the adrenal vemn 1s short ind
empties directly nto the venm cwva (Figure 5) On the
left side the vem 1s longer commonly jomns the mferior
phrenic and empties mto the renal vem opposite the
termmation of the mternal spermatic (Figure 6)  Groll
man® and others® ¥ have descnibed the crculation
within the gland ttself Owing to differences in arrange
shapes of the constituent cells the adrenl

18]
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tnaty However according to_ Sayexs''® The battery of
speciilized staimng technics which have been applied to
the adrenal has contnibuted httle more to our knowledge
of the chemustrv and physiology of the adrenal cortex
than has the simple Sudn method It 1s recogmzed that
the amgunt of hpid present as measured by ntensity of
Sudan’tan may not parallel matenal exhibiting steroid
reactions (birefringence fluorescence Schiff reaction”
141y However until more 15 known about the chemrcal
nature of the latter matenals 1t 1s wise to withhold physio

logical mterpretations  Statements regarding storage and
secretion of Letosteroids have contnbuted nothing but
confusion to the field  Furthermore he considers 1t pre
1ature to assign distinct secretory functions to the zones
when the problem of the nature of the secretion of the
adrenal cortex 1s not yet settled ”

Newer technes should aid 1n this regard particularly
1f apphed to fresh adrenal tissue rather than that oudized
by fixation Some believe that the mitochondna are 1n
volved 1n hormone production

The border between the cortex and medulla 15 made
wrregular by projections of columns of cortical cells mto
the medulla The rrregularly shaped cells of the medulla
are arrnged m closely pached groups surrounded by st
nusordal venules As early as 1856 Vulpian '3 noted 1
strihing difference 1n the staming reaction of the cells of
the cortex and medulla the latter turnmg green when
immersed 1n a solution of ferric chlornde Shortly there
after Henle * noted that when adrenal tissue was allowed
to react with dilute solutions of potassium dichromate
certain granules m the medullary cells appeared brown
1sh red with precipitate  This 1s the 5o called chromaf
fin reactron” and 1s explained on the basis of reduction
of dichromate to msoluble chremum dioude by epine
phrine or a precursor It appears to some that the chro
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Figwe 7 Sections of the adren1l gland of a normal adult male
A temato yln and eosn (x75) B ol red O and eosin (x75)

lets in certan cells of the cortex Weaver and Nelson ™
have defined four zones The epithelial cells compnsing
these layers vary from groups of small columnar cells m
the glomerulosa to larger polyhedral cells arranged m col
umns 1 the fasciculata to large dark and small Iight
cells m the reticularis  According to Hoerr * these dark
and hght cells are especially evident m the gunca pig
There seems to be fair unanmmty of opmion that the cells
of the cortex ongnate m the zona glomerulost and as
they develop mlgr'\teﬂnward to degenerate 1n the most
mward layer the zon/retrculans

Numerous histologic technics have been devised
an effort to 1dentify and localize the steroids of the adrenal
cortex 1nd to measure their functional and secretory ac
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FUNGTION

THE ADREMAL CORTE\

Ton 4 peraen discussion of the physiology of the adre
nal cortex the reader 1s referred to the extensne wntings
of Albright ® Ingle ! hendall ™ Long ™ Sayers '** Selve ?
and others However 1 few obser itions reliting to ad
renal cortical function will be outlined mcluding those
functions wiuch seem to be tered in the chrome hyper
functiomng state commonly observed in the patient with
adrenal hyperplasin or tumor Admuttedly 1 cases of
hyperplsia or tumor we may be dealing with i aberrant
secretory actnnity which lins no necessary relition to the
normnl physiology of the adrenal cortex

All workers agree that the adrenal cortex unlike the
medulln 1s essentinl for life and that such essentinhity
depends on the elaboration of a hormonal substance or
substances by the glnd  To dite although 28 erystilline
steroids have been 1solated from adrenal tissue 1t 15 not
clear which steroid or combim ition of steroids 1s normally
eliborated by the cortex or which 1s necessary for life
Some mvestigitors believe that one parent hormone 1s
elaborated nd 1n turn its metabolites exert ohserved func
tions of known ervstillme sterords others believe that ses
erat different sterads re mde nd mdwidually seereted
mto the blood strc un  Of ymportance s the obseration

(131



12 Surgery of the Adrenal Glands

maffin reaction 1s roughly proportional to the eptnephrime
content of the gland Of mterest to the subsequent dis
cussion of medullary tumors of the adrenal 1s karsners
view that a diagnoss of a pheochromocytoma 1s not vahd
wathout a posiive chromaffin reaction
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a carbonyl or an hydroxyl group There are four known
examples of this the most studied being 11 dehydro 17
Iy droxy corticosterone  known also s cortisone or com
pound E of kendall (Figure 8%

Steroids having androgen estrogen and progestational
actions hnve been 1solated from the adrenal gland  Exam
ples are androstcrone estrone and progesterone Nor
mally estrogen and progestational actions appear to be
relatively weakh and quantitatively these steroids make
up only 1 small percentage of the total sterordal matersal
of the ndrenal However 1t will be seen that in certun

athologic states notibh hypegplasia and tumor fermmz
ing changes occur and urninary’estrogens may be increased
Adrenal androgens appear to be concerned with, the

growth of axllary and pubtefiair and with mu<cular(|gor

R
/\l/*l

l‘/\
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Common ha ie ning 3stem

cHon CH Ol
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114 hydro-17 Vydroxye rticost rone 11-d ~oxy corticosterane
(Corts e compound F of hen Jall) (DCA)

Tnure 8 Base stermd nng systom dllustsation the component
nings and the conventiond number assigned to the mndwidual car
bon atoms  Below e two crvstalline adrent] cortical sterods
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that the _amorphous_fraction__which_remams_after_all
crystalline steroids have_been separated from cortical ex
tracts 15 still capable_of_sustuning_lfe_mn_the_adrenal
ectomized ammal With the mcreasing wulability of
crystalline adrenal sterotds 1t m1y well be that important
discoveries will be made concerning which hormone 1s
most effectne 1n muntuning hife  The recent work of
Thorn et al™ anl Huggms and Bergenstal ¢ attests to
this  Both groups have succeeded in_muntunming life_m
humgns_after bilatcral adrenalectomy with compound E
(coftisone) a feat which was extremely difficult when
only cortical extracts and desoxycorticosterone acetate
were mailable (Huggms and Scott)

Present knowledge indicates that the adrenal cortex
1s con~erned m part with 1 number of metabolic actin
ties which mnclude 1) the metabolism of sodium potas
stum chlonde and water 2) certun aspects of the metab
olism of carbohydrate protem and fat and 8) activities
similr to those produced by certain gonadal hormones
Activities described under headings 1} and 2) have been
labeled corticord and those under heading 3) as an
drogenic  estrogenic nd  progestational

All erystallme adrenal cortienl sterords have 1 common
baste structure as shown m Figure 8Awhich i tarn 1s
common to certain gonadal hormones cholesterol and
vitamuin D Differences m actton appear to depend m part
upon modificaton of this nucleus primanly m posibion 3
11 and 17 Thus the chief exumple of 2 steroid having »
pronounced effect on mneral metabolism 15 11 desoxy
corticosterone (Figure 8%) This compound has hittle ef
fect on carbohydrate metal olism and structurilly is seen
to lack an oxygen atom at posttion 11

Sterords which m part are concerned with catiboltsm
of protein and gl have m o an ov
gen atom at position 11 this oxygen bemng in the form of
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malize__plisma_sodium regardless of the_direction of the
deviation from normal whereas DCA acts umdirection
ally to_produce sodium retention

More will be sud concermng possible androgen pro
duction by the adrenal later on when the rationale for
bilateral adrenalectomy 1n the treatment of disseminated
prostatic cancer 1s discussed At this pomnt a brief discus
sion of urmary 17 ketosterords 1nd corticoids seems war
ranted to aid in a discussion of the physiology of the
normal adrenal cortex and i the diagnosis of the climcal
conditions of ndrenal cortical hyperplasia and tumor

Urmary 17 ketosterowds

Unnary steroids of the general configuration of those
already shown 1n Figure 8 but having a Letone group
position 17 are known as 17 ketosteroids  Such steroids
when allowed to act with meta dimtrobenzene 1n alkalie
solution (Zimmermann reaction) give nse to a magenta
color which can be measured quantititively The method
of extraction separation and determination which we now
rely upon 1s essentinlly s follows

The unine 1s collected 1n glass bottles contumng 10 ml
of concentrated hydrochlone acid as a preservative  Sub
sequently 1 100 ml ahquot 15 hydrolyzed by boiling for
20 minutes after addition of 01 of its volume of concen
trated hydrochloric 1exd Tt 1s then cooled quickly and ex
tracted by shaking with ether 1n a centnfuge bottle Shak
g 15 accomplished by 1 mechamenl shaker and separa
tion by centnfugation and aspiration of the superatant
ether hyer This ether hyer 1s then washed several times
with base 1n order to remove aaids and phenols This ex
tract after echficition washing with water ¢vaporating
to drvness and solution in absolute alcohol 1s termed the

neutrl extract” and 1s ready for colonmetne determina
tion of the total neutral I7 hetosteroids To 02 ml of test
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Furthgrmore they are beleyed to be responsible for the
total'amount of urinary 17 Letgsterosds found m the urme
of ¥vomen, and roughly twofhurds of that found m the
urme of fhen (vide infra)

At this pomnt 1t appears appropnate to pause 1nd to
mtroduce a direct quotation from a recent review article
by Ingle " entitled The Biological Properties of Cortisonc
This should serve to emphasize that ngid assignment of
function to crystalline adrenal cortical steroids should be
avoided whether these sterords re elaborated by the nor
mal cortex or the cortex mvolved in hyperplasta or tumor
Ingle states If any one fact bas been made cvident
about cortisone 1t 1s that this substance affects many dif
ferent tissues and physiologic processes of the body At
2 time when the physiology of the adrenal cortex scemed
more simple cortisone and related 11 oxygenated stcroids
were tagged as S or sugar hormones or glucocorticoids
The author 1s not without sm i this matter of deseribing
an elepht 1n terms of shape of its tul and was 1mong
the students of endocrmology who found these charicter
1zations useful but he behieves that this 1s an ppropriate
ttme to abandon the concept that cortisone 15 concerned
puncipally with carbohy drate metabolism and to explore
each of 1ts many brologic properties 1n search for new
concepts of 1ts nction  As an antidote for an er1 of over
simphfication adrenal physiology the author rccom
mends the masterful review of the adrenal cortex nd
homeostasis by Sayers '*°

In this review Savers''® cites many mvestigitions m
support of new concepts of cortisone action Thus 1 ors
ham et al ** have shown that cortisone wall mamnt un serum
electrolytes within the normal range in most patients
whose adrenals hn ¢ been remos ed whereas desovycorty
costerone {DCA) usually will not Thus fits 1 with the
concept of Woodbury et al' that cortisone e nor
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Figure 9 Structural formulte of three normally occurning neutral

unnary 17k ds  They are ck d as alpha or beta

17 hetosterods depending on the alpha () or beta (—)
orentation of the OH group at the third carbon

Normal men excrete on an average more 17 heto
steroids than do normal women Vwhereas daly vama
tions are appreciable our average values are 14/mg per
24 hours for men nd 9 mg_for women This difference
an average of 5.mg ,1s believed to represent the amount
dernsed from the teltes the 9 mg 1s thought to onginate
m the adrenalZortex of bothZeves Eyidence indicates
that the amount contributed by the ovdfies 1s very small
Vomen with severe adremal msufficiency excrete Tery
hittle of these compounds Thus 1t would appear that the
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solution 10 an Evelyn colorimeter tube 1s added 02 ml of
a 2 per cent solution of meta dimtrobenzene and 02 ml
of 25 N potassium hydroude both in absolate alcohol
The color 1s developed 1 the dark 1t 25 C for 80 m:

nutes and after dilution with 10 ml of absolute alcohol

the intensity of color is determmed 1n the Evelyn color

meter using a 520 my filter Absolute alcohol 1s substituted
for the neutral extract i the blank Dehydroisoandro

sterone 15 used to prepare standards and as @ reference

Lattle difficulty has been encountered with the method
except m preserving the alcoholic potassium hydroude
solution However we have found as have Wilson and
Carter *® that thus solution will keep well if ascorbic acid
1s added and if stored under nitrogen

Whereas a numbe: of these steroids eust 1n the urine
of normal individuals three predominate androsterone
its 1somer etiocholnolone and dehydroisoandroste rone
(Figure 9) Androsterone and etiocholanolone appear m
about equal quantities and n greater concentrition than
dehydroisoandrosterone  Androsterone 3s a stronger an
drogen on bioassay than dehydroisoandrosterone (approx
imately three times) Etiocholanolone 1s mactne B¢
cause of this 1nd other examples which could be given 1t
1s important to emphasize that all urmary 17 Ketosterords
are not androgens

Due to spatial vartations of the hydroxyl group i posi
tion 8 17 Letosteroids are divisible mto alpha and betq
fractions Beta 17 ketosterouds are precipitated with dig
tonm and can be measured colonmetncally ® 3 ¢ Ap
drosterone and etiocholnolone re alpha 17 ketosterods
dehydroisoandrosterone 1s 1 beta 17 Letosteroid “1],‘“995
normally 0 to 15 per cent of the total level of 17 Leto
steroids consists of the beta fraction 1 certain 1ltcred
states to be described this fraction constitutes a much

greater percentage of the total
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Those having similar biological properties on bioassay
h1ve been named biocorticords  those hwing smmlar
chemical properties by chemical assay have been desig
nated chemocorticoids

Urninary Biocorticords  Suitable extricts of human
urme when mjected into the adrenal d ammal
will effect several actions charactenstic of certain adrenal
cortical cxtracts and erystilline steroids Thus they may
mamtun hfe '*7 prevent water intoxication ! ® promote de
position of glycogen 1 the hver * prolong survival from
exposure to cold® and mprove work performance !
Quantitative boassays based on cold protection and Iner
glycagen deposition ha ¢ been developed wnd are referred
to 1s the CP test ind the LGD test respectively  Wherens
the LGD test 1s less sensitive than the CP test 1t 1s more
accurite ¥ ¥ Apparently both measure cssentually the
same thing for corticosterods possessing n oxygen atom
at position 11 wilt promote ghcogen deposition and pro
long survival from exposure to cold

Although there 15 1 close correlation between the rte
of unnary excretion of these biocorticoids and the activaty
of the adrenal cortex as judged chnically these proce
dures require precise techmic and are time consuming
Consequently they are not practical in most climeal Inb
oratories

Unnary Chemocorticords  The chemieal techmes used
to estimate unnary chemacorticoids are based on the
ability of 1 number of sterords to reduce copper or phos
phomolybdic 1cid * or to generate formaldehyde by re
action with penodie aad ¥ *° Based on these properties
unnary hipids have been ginen the designation CRL if
they reduce copper PRL if they reduce phosphomoly bdie
wd and FLf they generate formaldchyde

Tor cxample sterowds containmg a primary or sec
ondany alpha ketol group an alpha beta unsaturated 8
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testes and the adrenals are the principal sources of the
urinary 17 ketosteroids  Direct evidence for this (ad
mittedly complicated by severe mahgnant disease) 1s
found m the single adult male studied by Buggmns and
Scott ® This individual survived bilateral adrenalectomy
after previous castrition for 1pproximately four months
without cortisone therapy and total unnary 17 ke toster
oids fell to extremely low levels

Whereas 1t scems reasonablv clear that the testes and
the adrenal cortex are responsible for these steroids their
precuisors 1 these organs are poorly understood Some
climeians have considered the urinary 17 Letosteroids to
be an index of 1ndrogenic actiyity of these structures but
1t must be agun emphasized that all urinary 17 ketoster
oids e not biological androgens Furthermore recent
evidence suggests that cortisone stself 15 degraded by the
I er and other tissues to 17 hetosterords and perhaps even
androgens Thus the admimstration of ACTH or cortisone
leads to a rise m these unnary elements

Whereas 1t will be clear that the determmation of total
urmnary 17 ketosterords and the beta fraction are of con
siderable importance as laboratory aids in the diagnosis of
certam disorders of the testes and adrenals 1t would ap
pear at present that their output 15 not a sensitive measure
of changing rates of secretion of cortical hormone by the
adrenal cortex m man particularly over short periods of
time Recent evidence suggests that the measurement of
urmary corticoids may prove superor and that s 1 con
sequence a brief discussion of these substances seems
justified

Urinary Corticoids
The term urmary corticord has been used to desciibe
substances m urine which are not clearly 1dentificd but

which possess c¢rtamn properties of the cortical hormones
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Extracts of the adrenal medulla capable of causmng a
pronounced nse mn blood pressure upon mjection were
first prepared by Olnver and Schafer % 1n 1895 In 1901
Tahamme * and Aldrich* mdependently succeeded m
isolating crystalline 1 adrenaline to which Aldnch s
signed the correct empine formula CH,;0;N  Duc to
the efforts of mny mcluding the synthesis of racemic
adrenaline by Stoltz* * and Dalun © 1n 1903 the struc
tural formula shown below was established

HO ity
10" »~CH-CH -\H 104, ~Cil—CH,~ \H,
— ] e T
on (g o
EPINEPHRINE \ORE PINEPHRINE
(Adrensline) (Arterenoh)

The term “epmephnne proposed by Abel‘ remains
official” for the natural substince

Whereas 1t 1s beyond the scope of this monogriph
to discuss at length the vanous metabolic changes sec
ondary to the ad ration of epmephrnne — such as
creases 1 blood sugar blood lactic amid and basal met
Tolic rate —a hnef deseription of its sy mpathonumetic™
action should aid i the subsequent discussion of the
dingnosis mnd treatment of funchioming 1drenal medullary
tumors

An understanding of svmpathomimetic action presup
poses a familianity with current concepts of nenrohumoral
tr n the nenvous system On anat
omic grounds the autonomic nervous system may be di
vided into parassmpithetie (crimosacral) and svmp
thetic (thoracolumbar) divisions  On functional grounds
diasion 1s made on the basis of the nature of the subs
stance iberated n the region of the postgrnghonic nerve
ending of all autonomic nerve fibers whether evaitators
or miibitory At present many believe that acetylcholine
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ketone group or both will reduce phosphomoly bdic acid
In this category are to be found a number of biologically
active steroids mcluding cortisone  desoxycortisone and
progesterone as well as 1 large number of biclogically
mactive steroids Copper 1s reduced by steroids contain
mg an alpha ketol group but an alpha betq unsaturated
3 ketone group does not react * Foimaldehyde 1s liber
ated from 20 21 alpha ketols and glycols by oudation
with penodic ncid 3 €

Until recently the a1bove methods have been applied
to chloroform or chloroform ether extracts of urine and
measure the chemocorticoild present n the free state
Since 1951 several laboratories ® *'* **® have myestigated
procedures designed to measure conjugated (and total)
urmary corticosterords m addition to the free morety
Those mterested should read the article by Reddy Jenkins
and Thorn " They beheve that their method measures
only total 17 hydroxycorticords If so many nonspecific
substances will be elimmmated and a better correlation
should be possible between chemocorticord excretion and
the chmecal estimate of adrenal cortical activaty s well
as with the level of urmary bocorticords

One distinct ndvantage of the chemical methods over
those myvolving bioassay 1s their simplicity making them
smtable for routme determination n the climeal lnbora
tory The next few years should see a greater application
of these studies 1 known states of adrenal function and
should permit 2 more accurate evalution of therr worth

THE ADRENAL MEDULLA

\Most of our knowledge of medullary function 1s based
on laboratory wnd clinieal obseryations following the
jection of epmeplirme or on the measurement of ¢pine
phrine and epmephrine like substances m the blood dur
ing vnous phystologic mampulttions
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Extracts of the adrenal medulla capable of causing 1
pronounced nse mn blood pressure upon mjection were
first prepared by Oliver and Schafer ' in 1895 In 1901
Takamme 2! and Aldrich ¢ mdependently succeeded
wsolating crystalline 1 adrenaline to which Aldnch as
signed the correct empine formula C,Hi;O;N  Due to
the efforts of many ncluding the synthesis of racerme
adrenaline by Stoltz! ® and Dakm® 1 1803 the strue
tural formula shown below was established
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FPINEIHPINE NOREPINEPHPINE
(Adrenalind) (Arterenol)

The term  epmephrne  proposed by Abel! remains
official for the natural substance R

Whereas 1t 1s beyond the scope of this monograph
to discuss at length the vanous metabolic changes sec
ondary to the admunistration of epmephnine — such as m
creases m blood sugar blood lactic acid and basal meta
bolie rite — a brnef desenption of its  sympathormmetie
action should mid n the subsequent discussion of the
diagnosis and treatment of functioning adrenal medullary
tumors

An understanding of sympathonumetic action presup
poses a familianty wath current concepts of neurochumoral
tr i the nervous system On anat
omic grounds the ttonomic nervous system may be dr
vided mto parasympathetic (eriniosacral) and svmpa
thetic (thoracolumbar) duwisions On functional grounds
division 15 made on the bisis of the nature of the sub
stance Iiberated in the region of the postganghonme nerve
ending of all autononuc nerve fibers whether excitatory
or mhibitory At present many believe that acetyleholine




24 Surgery of the Adrenal Glands

1s hiberated at all postganghiome parasympathetic nerve
endings resulting n transmission between the nerve fiber
and receptor m the cell ( myoneural junction ) Such
fibers have been termed cholmergic

Whereas the majonty of postganglionic sympathetic
nerve fibers liberate an adrenalie like substance and are
known as adrenergic types some sympathetic fibers —
such as those mnen ating vasodilator fibers and the sweat
glands 1n some species —are cholmergic (Figure 10)
Sympathomimetic implies mumicry of only those actions
of the ndrenergic type whether excitatory or mhibitory
but not cholinergie sympathetic action  Some of the more
mportant sympathomimetic actions of epmephrine are
cardine 1cceleration artenolnr constriction pupillary dila
tion salinvary secretion relaxation of bronchial muscula
ture and mhibition of the urmary detrusor

According to the late W B Cannon and his school
exaitatory or nhbitory actions of the adrenergic type
depend upon the combmation of epmephrine with exither

PREGANGLIC ©  POSTUANG 1N

VASODILATORS
TIC S—semeeee(® STIMULATORS OF
PARASYMPATHE INTESTINAL MOTILITY
CARDIAC INHIBITORS ETC
- VASOCONSTRICTORS

€= INHIBLTORS OF

INTESTINAL MOTILITY
CARDIAC ACCELERATORS £1c
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mediator and types of response
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an excitatory substance E  or an mhibitory substance
1 At the receptor with the formation of sympathin E
and “sympathin T respectively Recently 1 number of
reports haye appeared which tend to clanfy this mechan
sm

After Abels?! charactenization of epmephrine most

led that 1t repr d the pressor component of

the adrenal medullh and some believed epmephrine and
sympathin I were 1dentical although the pharmaco
logic action of epinephrime was not stctly that observed
following sympathetic nerve stimulation  Subsequent to
this Barger and Dale ™ synthesized « large number of
beta phenylethylamme analogs wluch on test showed
general simlnty of action to that observed following
svmpathetic nerve stimulation and to which thev gwe
the designition sympathormmetic amines Among these
were phnine and norepinephrme the latter differ
g n structure from epmephrine by absence of 1 methy!
group attached to mtrogen at the end of the side cham
(Nitrogen Ohne Radieal) as shown above Although Bar
ger and Dale pomted out biologic differences in these
two compounds 1t remuned for Bacg® to suggest that
the action of norepinephrine simulated the properties of
sympathm E

It now appears to most workers that on stimulation
some sympithetic nerve fibers release only epinephrime
others liberate only norepmephrne and still other adren
ergic nenve endmgs yield hoth Turthermore 1t seems
Iikely that most adrenergic nerves are capable of trins
methy lnting norepinephrine thus forming epiephnine

m:mj it g T methlaton mo_.
CCH\H —————— HO CH-CH\H
-7 from metbyl donae =7 | 3
on on o

I-norepinephrine 1-epinephrine
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These observations and speculations are particularly
nteresting m view of the finding of Goldenberg et al*
and others ** > that epinephrme extracts from normal
adrenal glands as well as from pheochromocy tomas may
contam relatnely large amounts of norepmnephrine at
times as much 1s 50 to 90 per cent This may result from
an mmpurment of norepinephrme transmethylation

In passing 1t 1s of interest to note that pharmacolog
1cally dibenamine one of the drugs used to test patients
for the presence of a pheochromocytoma acts only agunst
norepimephrine not epmephrme Hence 1t would be rea
sonable to assume that if a pheochromocytoma were pro
ducing mamly epmephrine such 1 competitor as diben
amine Toght give 1 false negatne test
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TUMORS OF THE ADRENAL GLAND

Virous crassirications have been proposed for tumors
ansing within the adrenal cortex and medulla  Generally
such have been based on erther the microscopic appear
ance of the tumor or the signs and symptoms observed in
patients with proved tumors

ANATOMIC CLASSIFICATION
The anatomic classifications of Rarsner ™ and Stout ! °
appear to be the most recent and complete and the reader
1s referred to therr ongmal manuscrpts for details In
brief all tumors are separated into two broad divisions
1)t logous and 2) I logous and the latter sub
dnaded mto cortical and medullary

Heterologous Tumors

Heterologous tumors are those derrved from tissues
within the gland which are not peculiar to the adrenal
and which may occur m any other glind These mclude
fibroma hpoma neuroma neurofibroma myoma he
m lympl yelolip and mel.
Rarsner believes that osteomas probably represent meta
plasa following inflimmation or hemorrhage and that
the spindle and grant cell sarcomas reported 1n the earlier
Iiterature probably were anaplastic carcimomas and sym
pathicogomomas  respectively

27)
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Homologous Tumors '

Corttcal Tumors The prmeipal tumors arising from the
adrenal cortex are the cortical nodule the cortical ade
noma and the cortical careinoma The so called cortical
nodule or hamartoma resembles closely the cortical
adenoma but 15 usually smaller multiple bilateral and
somewhat more regular i cellular arrangement  Both are
bemgn and are usually encapsulated The onigin of the
adenomn 1s obscure some beheving that 1t anses from
primitine cortienl cells and others from mature cortical
cells It may possibly anse from a cortieal nodule

Cortical carcinomas are distingwished from cortieal
adenomas pnmanly on histologiel evidence of mvasion
and clinical evidence of metastasis

Examples of the histology of cortical adenomas and
carcmomas 15 well as certain medullary tumors will be
presented below under representative clinieal cases

Medullary Tumors Under this heading most authors
group all tumors which seem to anse from the sympatho
goma A pnimhive cell common to sympathetic gangha
and the adrenal medulla or to one of its descendants
According to Bielshowsky ' the sympathogoma may dif
ferentiate along two lmes forming the sympathoblast and
the Bl,e_gcﬂ;@]’ag Each mn turn may give nse to the
sympathetic ganglon cell and pheochromocyte respec
tively the latter being known as 1 chromaffin cell and
positively 1dentified only by the chromaffin reaction Tu
mors anse from all these cells and the preponderant cell
type forms the stem for the descriptive term used thus
sympathicogonioma sympathicoblastoma ganglioneu
roma and pheochromocytoma

Some authors group sympathicogoniomas and sympn
thicoblastomas together under the heading neuroblas
toma and Stout classes neuroblastomas and differentiated
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and undifferentiited sympathicogoniomas under svmpa
thicoblastomn

Ganglioneuromas have been described as differentt
ated ganghoneuromn (benign) and partially differentiated
ganghoneuroma (malignant) by Stout and gangltoneu
roma (generally bemgn) and mahgnant ganghoneuroma
by Rarsner

The term paraganglioma 1s used by many synony
mously with pheochromocytoma Stout prefers to call
hormonally actne tumors of the paraganghome group
pheochromocytomas and all mactive ones piragangh
omas 1 each instance naming the region or tissue of
ongin  an example of the latter bemng « paraganglioma
of the carotid body

If a pheochromocytoma shows histologic invasiveness
or climical metastasis some use the term pheochromo
blastoma

FUNCTIONAL CLASSIFICATION

Several authors meluding Cahill ¢f al ° henyon 7 and
Wilkins ¥ have divided adrenal cortical tumors into two
mun groups tecording to whether or not they are hor
monlly active (with subdnision of the latter group
according to the symptom compleves observed) Medul
Jary tumors can also be divided 1nto two man groups on
the basis of thar hormonal actinity  but subdivision of
the functional group 1s not yet possible For pedagogie
reasons such 1 classification offers certan ads antages but
1t should not be too ngid  As Repler and Locke ™ have
so aptly expressed 1t such a clissificrtion may “have the
disndvantage of developing unconscious psychologic bar
niers which confine thinhing to artifienally 1mposed L
tations  With reservations and without ongmahty the
followng clussification 1s presented
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Cortical Tumors

1 Tumors with no recognizable hormonal actinity
2 Tumors having hormonal activity leading to

A Cushings syndrome with or without vint
lization
B Virhzation
1 In the male child
1t In the female child
m In the adult female
C Femmmzation
1 In the male child
n In the adult male

Medullary Tumors

1 Tumors with no recogmzable hormonnl activity
2 Tumors having hormonal activity

Hormonally Inactive Cortical Tumors

We have had lttle personal expenience with tumors
1 this group and hasve not reviewed the hterature n this
regard According to Calull ° Hartung Macera Steven
son Gibson and others have reported tumors of the ad
renal cortex which have occurred without recognizable
hormonal changes In his most recent review with Mel
cow ! Cahill cites his personal experience m 1 total of
six  All were without symptoms except for path which
was secondary to the large™ize of the tumor or to miétas
tases They were found as the result of routme cxumm .
tion abdomimal exploration or autopsy Perirenal ur m
sufffation uded 1n the diagnosis of two  On pathologic
exammation four were c1rcmomas one 1 sarcoma nd onc
an adenoma Only the fatter survived treatment which
consisted of transpentoneal excision of the tumor

Figure 1Iis pholomlcmgmph of a pecuhar tumor
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Figure 11 Pholom\cmgmph (x200) of a hormonally mactive
cortical tumor found 1t autopsy

of the nght adrenal an medental finding at autopsy 1n
4 64 year old male who died on the twelfth postoperative
dav of a massne pulmonary embolus following a simple
permeal enucleation of a bemign nodular hyperplastic
prostate glind (SAR History No 76187 The Johns
Hophins Hospital)  Grossly this tumor measured 3 em
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m dimeter projected from the surface of the adrenal on
section was white and rubbery and possessed 1 delicate
fibrous capsule The adrenal cortex although thinned out
over the tumor w1s Iistologreally normal A careful re
view of the history fuled to revenl any signs or symptoms
suggesting that this tumor was hormonally active

Hormonally Active Cortical Tumors

In certain stages of desvclopment nearly all cases of
excessive function (hyperadrenocorticism) may be di
vided mto two mun groups on the basis of their pre
domimant signs ind symptoms These two groups are
1) the adrenogemtal syndrome and 2) Cushings syn
drome

Wilkins ¥ defines the adrenogenital syndrome as 2
disorder 1n which there are evidences of excessive pro
duction of adrenal androgen with either (1) no evidence
of disturbed cortin production or (b) a deficieney of
cortins (corticords), aind Cushings syndrome 15 2 dis
order in which signs of excessive cortin production pre
dommate with usually some cvidence of androgen and
oceasionally ncrensed estrn

In view of the multiphiaty of hormones which the
adrenal cortex m1y produce 1t 1s not surprising that 4
great vanety of signs and symptoms may be observed or
that there may be gradations between types By and
large the symptom complex observed depends upon the
naturc of the substance elaborated the time m devclop
ment at which this excess function begins wnd the sex
of the patient

Cushing s Syndrome  Cushings syndrome 15 1 tam
now used by most wthors to describe a symptom com
plex without regard for ctiology  The chmeal mumfesta
tions of this syndrome are identical wath those ongnally
described by Cushing 9 found n association with baso

-
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philic adenomas of the pitwitary (Cushings disease or
prtuitary }nsophxhsm) Although the syndrome occurs
n youngAvomen with greatest frequency men and chil
dren of erther sex are not immune Prominent features
of the disease are  buffalo obesity a term used to de
senibe a characterisic body habitus 1n which muscular
wasting and redistribution of fat leads to apparent obesity
of the head and neck and trunk particularly the abdo
men while sparing the estrermties excessive growth of
_harr without other evidence of masculimzation vascular
hypertension diabetes ostedporosts and suppression® of
sexual function n the form of amenorrhea or mpotence
Colorful sumiles such as moon“face pig /eye and sun
fish vmouth have been suggested to describe the facial
expressions  Purplish’striae may be present over the ab
domen The shin may be atrophic and mottled Acne
may be present Kyphosis may result from demmeraliza
tion of the thoracic spie Polyuna may be a promiment
feature
Examination, of the blood may reveal no abnormalty
However lymphopema 1s nearly always present and ery
thremia may be Serum sodwnilmay nse and potassumd
may fall Occasionally hypochloremic alkalosis 1s present
with or without change i serum sodium
he total neutral urnmnary 17 hetosterords are often
nofmal but may show moderate to marked“increase de
pending somewhat on the basic cause of the syndrome
These together with values for the so called beta frac
tion will be discussed later Unnary biocorticords and
chemocorticoids re often increased
The pathogenesis of Cushings svndrome 1s most
tnguing and the mterested reader 1s referred to the ac
count of the late Edwin J Repler * who wrote in such a
delightful fashion On theoretical grounds Kepler re
garded all cases of Cushings syndrome as a manifesta
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tion of adrenal cortical hyperfunction regardless of ana
tomic findings and even m the presence of 1 basophilic
pituttary tumor (Cushing's disease) believing that if the
adrenal cortices were absent the patient would have few
if any symptoms of the syndrome i spite of the fact
that his disease continued to be present On anitomic
grounds Kepler presents the probable gross and micro
scopic findings 1n a gien sertes of pittents with Cush
ings syndrome or disease as follows In almost 100 per
cent of cases Crooke s changes will be found 1n the bso
philic cells of the mturtary 1n only 10 per cent of cases
will these be the only findings in the pitwitary or adrenal
In approuimately 50 per cent of cases a basophilic ade
noma of the pituttary will be found This 15 usually small
and may requrre senal section to find 1t may be large and
erode the sella turcica  Of those with prtwitary tumors
one third may have demonstrable hyperplisia of the ad
renal cortex In one 1n three of the entire series one may
find 1 bemign or a malignant adrenal tumor or merely
enlarged and presumably hyperplastic adrenal cortices
In some three per cent enlarged adrenals aud 1 thymic
tumor may be found and rarelv an aberrant adrenal tumor
or ovarian tumor

The Diagnosis of Cushing s Syndrome

Signs and Symptoms The appearance of 1 patient
with advanced Cushings disease s usually so character
istic as to make the diagnosis rather stmple Given an
mdividual with this appearance and i whom several of
the prominent features described such s hypertension
diabetes osteoperosts etc  are found the diagnosis 1s
established The cause remains to be determined At
the outset we wish to emphasize that we know of no
sure way to determine whether 1n adrenal tumor or d
renal cortical hyperplisia 1s responsible for the syndrome
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short of surgical exploration However several chmeal
rules of thumb as well as certun Iaboratory procedures
though not mnfallible a1d n makang 2 preopertaive diag
nosis

Generally pitients with all the charactenstic features
of Cushimgs syndrome have adrenal hyperplasia those
with mixed elinical pretures particularly those with mod
erate to severe unhgatxon usually have an adrenal tumor
An enlarged <hitorss 1n an uncomphicated Cushings syn
drome usually speaks for tumor Female pseudoherma
phrodites almost always have congenital adrenal cortical
hypgrplasla and not tumor Greatest difficulty anses
determming the cause of simple hirsutism particularly of
assoctated with obesity hypertension and menstrual i
regulanties  Such patients demand a careful dragnostic
study

Laboratory Aids Specral laboratory studies mn addi
tion to the deterrmnation of serum sodwm potassium
chlondes cilaum phosphorus carbon dioide combiming
power non protemn mitrogen and glucose melude < rays
of the skull long bones and thoricolumbnr spine intra
venous (and 1t times retrogride) pyelograms peritenal
msufflation of arr aoitogrims limmograms and the de
termination of unnary 17 ketosterowds (ancluding alpha
and beta fractions) 11 oxysterowds (corticords) and unt
nry estrords or estrogens

Provided “m dren tumor 15 lurge pyelograms may
show downw ard displicement of the hidney  In the hands
of those expericnced with the method (Cahill * Roome 14
\encher ** and Vest **) penirenal wr msufflation films -
hue been useful and without comphications or fatalities

Recently several elimerms have advocated perirenal
wnd xtuaperitonenl pneumography vit the preocey gel
routt *T There follows a brief description of the
teehme used by Stembach et g 17
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tion of adrenal cortical hvperfunction regardless of ana
tormc findings and even n the presence of a basophlic
prtuitary tumor (Cushing s disease) believing that if the
adrenal cortices were absent the patient would have few
if any symptoms of the syndrome in spite of the fact
that his disease continued to be present On anatome
grounds, Kepler presents the probable gross and micro
scopte findings 1n 2 gnen series of patients with Cush
ings syndrome or disease 1s follows In almost 100 per
cent of cases Crooke s changes will be found 1 the baso
philic cells of the pituitary m only 10 per cent of cases
will these be the only findings n the pitwitary or adrenal
In approumately 50 per cent of cases a basophihe de
noma of the piturtary will be found This 15 usually small
and may require seral section to find 1t may be lrge and
erode the sella turcica Of those with pitwitary tumors
one third may have demonstrable hyperplasia of the ad
renl cortex In one m three of the entire serics one may
find 2 bemgn or a malignant adrenal tumor or merely
enlarged and presumably hyperplastic adrenal cortices
In some three per cent enlarged idrenals and o thymie
tumor may be found and rarely an berrant adrenal tumo
or ovaran tumor

The Diagnosis of Cushings Syndrome

Signs and Symptoms The appearince of a patient
with advanced Cushing s disease 1s usually so character
istic as to mahe the diagnosss rather simple Guen an
ndnvidual with this appearance and in whom several of
the prominent features described such s hypertension
Jdiabetes osteoporosis etc are found the diagnosis 1s
emhshcd The cause remams to be determined At
the outset we wish to emphasize that we know of no
sure way to determine whether an adrenal tumor or ad
renal cortical hyperplasia 15 responstble for the syndromc
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short of surgical exploration However several clinical
rules of thumb as well s certamn Iaboratory procedures
though not infallible 1d in making a preoperative dig
nosis

Generally patients with all the charactenstic features
of Cushings syndrome huve ndrenal hyperplisin those
with mixed climical pictures particularly those with mod
erate to severe ‘ll‘lllg’ltlﬂn usually hav e an adrenal tumor
An enlarged £litoris 1n an uncomplicated Cushings syn
drome usunlly speaks for tumor Female pseudoherma
phrodites almost alwys have congemtal 1drenal cortical
hypérplasia and not tumor Greatest difficulty anses
determining the cause of simple hirsutism particularly of
associated with obesity hyvpertension and menstrual i
regulanities  Such patients demand a careful diagnostic
study

Laboratory Aids Special Inboratory studies m adds
tion to the determination of serum sodwm potassiem
chlondes caleium phosphorus carbon diovide combining
power non protcm mtrogen and glucose nclude < rays
of the skull long bones nd thoracolumbar spine ntra
venous (and 1t times retrograde) pyelograms perirenal
msufflition of air aortograms lnminograms and the de
termination of unnary 17 hetosteroids (including alpha
and Deta fractions) 11 oxysterods (corticords) and un
nary estroids or estrogens

Provided n adrenal tumor 1s large prvelograms may
show downward displicement of the hidney  In the hands
of those ¢ xpericnced with the method (Cahill ** Roome 1+
Mencher * nd Vest %) penirenal e msufflation films
huve been uscful wnd without compheations or fatalities

Recently several ehmciins have adsoeated perren il
md (xtpertanaal pneumography via the paricocey geal

ronk ** There Tollows 1 brief deseription of the
techne used by Stembach et gl ' 7
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With the patient m the side position legs drawn up
the anus 1s anesthetized with 1nesthetic omtment the m
jection site prepired with antiseptic solution and pro
came mjected 1n the mdline between anus md coceyx
12 cm from the Intter A No 18 or 19 spmal needle 15
mserted through skin and subcutaneous tissue until the
tip impinges on the tip of the coccyx  The index finger of
the free hand 1s pliced 1n the rectum and the needle 1s re
directed to shde along the antenior surface of the coccyx
and through the wnococcygeal raphe (Figures 12A and B)
The needle 1s inserted another 23 em  c1re being taken to
avord myury to the rectum A few cubic centimeters of
air 1s mserted to check the posihon The mnjection set
consisting of a bottle of oxygen and a bottle of water 1s
attached to the needle through a stenle section of rubber
tubmng, (Figure 12C) The oxygen 15 allowed to flow 1n at
a pressure of 1520 em water The volume of oxygen
needed vanes with the patient  About 15 cc /hg body
/ weight of oxygen 1s enough to visualize both sides of the
body If an extrapenitoneal pneumogrim of a single side
of the body 1s required that side 1s kept m the supenor
position sice the oxygen nses to the lughest portion of
the extrapentoneal tissue If 2 generihzed pneumogram
1s desired half the gas 1s mjected with one side clevated
and half with the other side elevated
“\ rays can be taken as soon as the mjection 15 com
7 pleted optimal ime 1s two hours after injection

In our experience several tumors have been visnilized
on lammograms and aortograms (Vide nfra)

Estimation of the levels of certun urmary stcroids 1y
of distinct value n the differential diagnosis of 1dren 1l
hyperplasia and tumor In this regrrd the interested
reader 1s referred to the writngs of Mason and Eng
ot \{unson ¢f al ** Forbes and Albnght ** Gardna

strom
4 apnd Landau ® A few salient pomts follow

and Mgeon
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tinure 12 A wd B The spindl needle i fizst mscrted wntsd the by

unpinges upon the bp of the eocoyx The index Bnger of the op

peate hand s placed 10 the rectum apd the necdle 1s nudirected 5o

as to shde along the antener surfrwe of the cocevy and through the
anocotey gei} saphe
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g f i

Figure 12 C (Sec legend on opposite page )
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Adrenal cortienl tumors are often assocrated with an m
crease m urmary 17 ketosteroids  Mason and Engstrom *
found only two exceptions to this m 1 review of 50 cases
1 the literature and n these two poor preservation of
the urme and extreme 1llness respectively may well have
been responsible Not included 1n this survey were two
others recently studied by Mason who also had normal
values In one evidence of increased cortical function
was found m an IHCIC’\Sed excrehion Of corhcostemlds

Forbes and Albright ** m a recent review of 90 cases
of Cushing s syndrome 1n whom the adrenals were visual
1zed and clssified ecordimg to pathologie change found
the merage 17 ketosteroid excretion to be  without
tumor 181 with bemgn tumor 57 and with mahgnant
tumor 1244 mg per 24 hours”

Whereas tota] uninary 17 Ketosteroids may be elevated
n adrenal hyperplisia s 1 rule they are not as high as
1n c1ses of adrenal tumor Turthermore although no 17
ketosteroid has heen found which 13 charactenstic of
erther condition the beta fraction 1s more frequently ele
vated 1n cases of tumor and dehydroisowndrosterone 1s
more readily 1solated ® In this regird Mason and Eng
strom® sum up the waulble data as follows  Thus
dat1 now wulble suggests that 1 duly excretion of more
than 50 mg of 17 ketosteroids 50 per cent or more of
which 1s beta fraction mdicates the presence of an ad
renl cortical tumor Tine distinctions and sharp lines of
demarcation ewnnot be made

Pregnnetniol (pregnane 3 (alpha) 17 20 tnol) 1as been 1o

lated from the urine of seven cases of ade nl hyperplasta and 1 one case
n which 1 climcal dignosis of alrenat cortical timor was made  Un
gnnun;\tdy mn the ltter instinee the duagnosis of tumor was not con

rmed ty laparotomy or aitopsy ™

-

Figure 12 C The injection set up 1s attached to the needle through

1 stenile section of rubber tubing and a cotton filter Ovivgen 15
allowed to flow 10 4t a pressure of 15 to 20 em of water

~
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Recent studies by Gardner ind Migeon* working 1n
Wilkins Inboratory have 1 distinet bearing on the prob
lem Using 1 color test for dehvdrosondrosterone hie
compounds mitinlly suggested by Dirscherl and Zilliken 3!
and developed by Allen et al  they were able to confirm
the latters findings of positinve tests mn adrenal cortical
tumor patients but not mn adrenal hyperplasia +lthough
total 17 ketosteroids were high i both groups and the
results of beta separition with digitonin were equivocal
Furthermore when cortisone was given urmary 17 keto
steroids were reduced to normal values in cluldren with
hyperplisia (two cases) but not n cases of adrenal corty
cal tumor m children (two cases)

Lastly Wilkins ™*® has found the determination of

neutra] reducing liprds  of the unine (formerly called
11 oxysteroids) to be of some diagnostic importaince  He
Lsts the following values  chuldren - 03 to 06 mg per
24 hours 2dults —05 to 10 andrenogenttal syndrome —
05 to 20 and Cushings syndrome —20 to 50

Cushing s Syndrome 1 Chuldren

In his masterful treattse on endocrine disorders 1n
childhood Wilkins *** reviews the reported cises of Cush
mg s svndrome n cluldren listing 26 under the age of 10
years All m this group had tumors!  After the 1g¢ of
10 the syndrome was found m assocrition with wchend
tumor adrenal hyperplistt or 1 basophiic wdenoma of
the pitwitary By and lrge the symptom complex m chil
dren 1s similar to that seen m the adult To lhustrate the
salient features the following case 1s presentcd in detul

As alwys nothing 1s 100 per cent In anarticdde whi b 1y ¢ |
after Wilkins book  Albricht and associates ™ staite The y t
nent with Cushings syndrome due to adrenal Inperplisia v 1) 1)
thors have been able to fad was an eight year-old gl H '
iy Adrena] tumor 15 the only cause of € 1,

thes do muntun thit

sndrome recorled an whints and small ¢} ddren
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This female mfant n addition to Cushmgs syndrome
showed moderately severe masculinization as evidenced
by marhed hirsutism and moderate enlargement of the

chtons

G F History No A 53822 Harmet Lane Home for
Imald Children of The Johns Hophins Hospatal born
January 28 1947 was seen in the pedintne endocrine
chime The Johns Hoplins Hospital by Dr Lawson Wil
lins on July 12 1947 at the age of 5% months At three
months of age the parents noted that her cheeks were
fat and that she was developing acne of her face and
sealp Several weeks Inter hair w1s noted on the upper
hp folloved 1 severd weeks by the appearance of hur
1 the region of the gemtals A gradual enlirgement of
the <bdomen was observed over the course of severil
months 1nd voeal utterances were observed to be some
what deep Dr Wilkins description of body bwld and
proportions shin har 1nd sexual development re clssic
and are as follows

This baby 15 of nerage size for her 1ge ind has nor
mal skeletal proportions She presents a very stnkmg ap
pearance because of her marked obesity  Although she 1s
only 3 Ibs 1bove the wertge weight she presents 2 char
1cteristic buffalo type of ohesity There 1s 1 huge fat face
with buluing cheehs between which there 15 2 tiny stubby
nose  Cheeks and chin are so fat s to almost hude her
nech There 1s immense prddimg of fat over her shoulder
upper bick wnd chest The abdomen 1s distended and
someshat obese  The legs although fat are much less so
than the upper trunk nd face (Figure 13)

Her fice isvery red  There 1s marked acneform erup
tion consisting of pustules and papules over the forehead
cheeks mnd extendimg, up into the sealp Skin in this region
scems very oty and her sealp and haie are o1y There 1s
no acne lesion on the body

“She s abundant blaek heur on the selp which EIOWS,
down low on her forchc1d almost to her cycbrows Eye
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Cushing s syndromd assocuated with i ade 1 gy, o
:};c‘i;cmlnal |n:| rcmﬁk- 1ge five months Normaf gemt b ¢ gy
€ haractenstic Fiacs of two months durition Blood pr - 18
110 to 210/120 Total 17 hetosteronds 77 my, per dus  Afd)y
dnbetic glucose tolrince curve  Large mass moregien | opghe
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brows are thiek and black almost meetg mn the md
hne Therc 1s fine blach down on her upper bip some on
the upper chin and fine sideburns extend down on her
cheeks There 1s a heavy crowth of long Bne black hur
over her back espeainily m the upper region  There 15
some coarse blich har on the b 1 and 4 Title fine black
beur i the 1xidlr

Her ey 15 rather deep mnd hoarse The areolre meas
ure about 1 em m drimcter and are somewhat browmsh
The mpples are un leveloped and no mammary tissue 1s
palpwle The Ib 2 majora are greatly hypertrophred
and show marked pigmentation There 1s 1 moderate
growth of coarse durk hur 2 to 3 em 1n length on the
Inna The chtons is Jerably enlarged measures 2 em
1 length 1s much thicker than the average with planly
vistble ghns ana hy pertrophied preputial folds and shows
2 tendeney to ercetions The Iibin wminora are entirely
fantde and undeveloped There 1s distinctly sepirate
urethral and vagmal onfice of normal infantile configura
tion”

Ceneral exammnation revealed 1 palpable mass m the
night upper quadrnt and flank wiich was felt to repre
sent 1 normal hadney dispheed dovwnwrd med ally nd
antenorly by 1 retropentonenl mass  The blood pressure
on severa exammations rinzed from 180/120 to 210/110

I aboratory data revealed the following abnormnl find
mgs A moderite polyevthemia 1 moderate leucocyvtosis
4 mild dibetic glucose toler ince cunve and 77 mg tatal
ncutrl urmary 17 ketosterords per 24 hours  An intra

Vu i CROUS prelogram was unsatisfictons However retro
Adrenat 7rde pyelogrims revealed 1 normal left fadney and o

»
restment O A nght hedney displiced downward and antenorly
+ 1 Inrge nght upper quadrint mass  The imtial chest

NAF - -

Elir cor M1 00 prelogam Cluld died six months after aperition Blood
sodium gl "€ utd 17 Letosterords filling after operation  returned to
Fomil high levels prior to death  (Courtesy of Dr Lawson
Wilkins The Johns Hopins Hospital
NAF D) pital }

NATIA
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svndrome associated with w adrenil cortie o
:-:;!cl::n;?\ mC:s}:-‘rrr‘r;Isc age five months Normil gemit i ot byrt),
Charactenstic ficies of two months duriion Blood pr 1 10
110 to 210/120 Total 17 ketosteronds 77 my, per d i '\1,](”\
dnbetic glucose tolermce cune  Large mass m reg « nche
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Prior to operation the mfint recerved 3000 roentgen
units measured 1m ur (5 x 200 antenorly and 10 ¢ 300
posteriorly over the tumor area) without pparent effect
on the size of the tumor Of considertble interest was
the observation that on the day prior to x ray therapy she
excreted 55 1 mg total neutral unnary 17 Letosterowds per
24 hours and immeduately after cessttion of the 15 treat
ments described 1053 mg per dav

On July 24 1947 excision of an adrenal tumor w1s car
ried out through a nght upper 1bdomnal transyerse 1n
asion extending from the left of the midline laterally into
the nght flank  No metastases could be found i the 1b
domen Special pre and postoperatnve theripy o mmpor
tant m all adrennl surgery w1s camed out and the patient
made an uneventful recovery In that this vaned but ht
tle from an established routine to be described subse
quently 1t 15 not presented seprately

Grossly the tamor was well encipsulated 1nd weighed
250 grims Histologeally (Figure 14) the tumor re
sembled closely adrenal cortex and 1 renal circinomn
(hypernephromt) bemg made up of clear cells with dark
stunmg nucler  An abundance of lipid wathin these cells
w1s evident on fat stun  Histologieally 1t w s not possible
to tell whether or not the tumor was milignt and the
final pathologic dirgnosis was  wdrenil cortical tumor

Following section 250 grums of tumor were extricted
with carbon tetrichlonde and after appropnate separition
4 Zimmerman reiction run (Dr Roger Lewis) This re
vealed 56 me of 17 ketosteroid 1n the entwre tumor  Ten
dys postoperatinely unnary 17 ketostermds had risen to
674 mg per 24 hours On November 25 1M7 four

months 1fter operation the mfint expired  Autopsy was
refused

The Treatment of Cushings Syndrome

Surgical  Siee 1t 1s not possible to determimne with
certunty the cause of Cushings syndrome 1 explora
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A diagnosts of an “1drenal tumor mamifesting evidence

of excessive secretton of both corticoids and androgen

xr1y was read as normal and xravs of the long bones
was made Normal configuration of the urethra and va

showed approumtely normal osseous development
gna excluded the possibility of congenital adrenal hyper

plasia and female pseudohermaphroditism
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tiken by mouth Four grams of salt duly should be added
to the diet Shortly all special therapy can be discon
tinued As 1n cases of operative remos 1l of pheochromo
cytomas (which see} postoperatne hypatension can be
combatted with 1 continuous infusion of dilute epieph
rme norepinephrine or neosynephrime

Subtotal Adrenalectomy In those cases of Cushings
syndrome 1n which 1 tumor 1s not found generally m the
past treatment has been unsatisfactory If caused by 2
basophilic adenomn of the pitwitary or adrenal cortical
hyperplsin other mcthods have been used These have
meluded  pitustary “rradiation in an effort to mhibit
the production of ACTH androgen admmstration for
its protemn anabolic action as well as its reparative effect
on bone matrix estrogen admimstration {(usually with
androgen) to increase caleificrtion and subtotal and total
adrenalectomy mn 1 effort to overcome hyperfunction
of the adrenal cortex Improvement has been reported
after these various forms of treatment but 1t 1s difficult to
ssess bectuse of spontaneous vartions m the course of
the disease Tor 1 splendid discussion of the natural
lustory of Cushing s syndrome the reader 1s referred to 1
recent article with tlus title by Plotz ¢¢ a1 Until re
cently little datn were nvulible to md m assessmg the
value of subtotal adrenalcctomy

Our own expenence does not permit us to discuss sub
total adrenalectomy for Cushings syndrome intelhigently
but we wish to refer to 1 comprehensne article on the
subject by Priestley ef al V! as well 15 a previous com
municttion by E J Repler ¢ The summary of the article
by Priestles md his assountes 15 quoted i extenso “Ex
tensne Ialateral subtotal adrenalectomy has been per
formed 1 29 cses of Cushmgs syndrome 1n which sur
giel exploration fuled to reveal 2 functiomng adrenal
cortical tumor  There were sic postoperatine deaths all
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tion of both*adrenals should always be performed If a
cartical adenoma or localized cortical carernoma 1s found
surgical excision offers a good chince for cure  Preferred
surgreal routes for vanous types of adrenal cortical and
medulitry tumors will be presented subsequently
According to most observers functiomin,, cortietl tu
mors resulting 1in Cushings syndrome are almost lways
associnted with some degree of atrophy of the contra
lateral adrenil Conscquently strict attentton must be
gren to proper supportne'fheram Since the wdvent of
cortisone management has been much less of 1 problem
Whereas 3t 1s impossible to set forth 1 ngid system of
management ccrtan suggestions m1y be made regirding
the adnumstration of adrenal hormones electrolvtes glu
cose and furd
InAdults with Cushings syndrome i whom 2 um
Iateral tumor hns been demonstrated preoperatnely or m
those m whom it 1s felt that « tumor 1s most Itkely pres
ent we recommend the following substitution therapy
The night before the operation the patient 1s given 50
mg corfisone acetate 3 mg desoxycorticosterone acctate
(DCA) and 5 grams of salt Just prior to surgery 100 mg,
cortisone etate md 5 mg DCA are mven parenteraily
During operation 1000 cc of 5 per cent glucose 15 given
intrasenously and whole blood 1f necessary  Thus 15 fol
Jowed by 500 cc of 5 per cent glucose in norml saling
For the first 24 hours additron1! fuid in the form of 5 per
cent ghicose 1s mjected to malke a tota] of 3000 cc Cort
sone acctate 50 mg every four to six hours complctes
substitutton therapy for the dv of operiion During, the
succeeding 24 hours 3000 cc of 5 per cent glucose s
gnen intravenoushy one sixth of which 1s i normal s thine
cortisone 1cetate 50 mg every st hours 1y contimed and
one dose of 3mg DCA1s gnen Usually withn 72 hours
fter operation the amount of cortisonc em be reduccd
appreciably DCA stopped altocther and fluids e he
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satisfactory remussion regrowth may lead to relapse re
section of too much tissue leads to adrenal msufficiency
requiring replacement therapy which m atself must be
balanced micely Indeed the situation 1s somewhat anal
ogous to smgical therapy for hyperthyroidism and based
on this analogy one mght predict that results followng
subtotal adrenalectomy will improve And too as more
1s leained of the ongmal cause of adrenal hyperfunction
greater efforts will be mnde to find surtable analogs which
may obyvite surgical maneuvers

Recently several chinicians have suggested total nd
renalectomy for Cushing s syndrome

Resume of Surgical Treatment In an attempt to clar
1fy the approach to the surgical management of Cushing s
syndrome Sprague ¢t al* ¢ and Albnght and lus assoa
ates ' quite independently have drawn up 1 formula to
follow By and large we agree

1 1f the first 1drenal glaind explored 1s atropie aI(I
most surely the contralateral gland 1s 1imolved m tumor

2 If the first adrenal gland explored 1s large the!
patient has adrenal hyperplisia and the contralateral
gland will be large also /

8 If the first adrennl glind evplored 1s normal m
size tlns adrenal and 1its opposite are probably hyper
functioning though not hyperplastic and 1 contralaternl
tumor 15 unlikely

In situation 1 as outhned previously remoyval of the
tumor constitutes therapy In so dong the need for e
plcement therapy 1s paramount 1n sttuations 2 and 3
subtotal adrenalectomy appenrs to be the procedure of
chotee at present of those with the most expenience

Vinhizing Tumors  Adrenil cortical hvperplista and
adrenal corticl tumors mty cause virthzation rpd



48 Surgery of the Adrenal Glands

of which occurred prior to the use of cortisone m both
the preoperative and postoperative management Of the
23 remaming pitients one patient experzenced no m
provement following operition three patients will re
quure further observation as the postoperatie period has
been too short to allow evaluttion of the results and 19
pitients have obtuned an excellent remussion of the
Cushmgs syndrome However three of the 19 patents
)y

have adrenal msuffictency  In generil the 1esults have
been encouraging and ppear to support the concept that
regardless of what the primary etiology of the syndromc
my ultimately prove to be ats features are contingent
upon hyperfunction of the adrenal cortices 1t wppens
entirely possible that results may be mmproved n the
future

Certamly this work emphasizes the importance of the
adrenal cortex m the pathogenesis of Cushing s syndrome
as well as the 1dvantnge of cortisone osver adrenal cortienl
extracts in the postoperitie manigement of these pr
tients It also pomts up the mcety of balance which ap
parently must be aclieved 1 order to provide 1 continu
ous remussion Resection of msuffictent adrenal corte
results 1n fulure resection of sufficient tissue leads to

After complctson of thi monogriph an irticle by Sprague Rvale

and Fnestley * appeared in which they add 21 cascs bringing thar total
to 50 In ther Lt 27 consceutine cuses there bas been only cne pot
optratne death ind much of ther succoss thes attnbute to judicions
ue of cortsone and desoxycorticosteronc et Of « tita) of 41
patients now Ining 40 are qudged to b 2 st of satisfuctony s
son OF these 20 require replacement therapy an the form of crtis me
aven orally nd 10 of these 20 requize m addition desows et ¢ m
ette gen buceally  Lemgth of rems sion hus ranged tr1 thr
months to scven yers scveral hne bad a second remassion it ¢
lapsc upon resection of more adrenal tisue This his prov 1 1t
authors to state  Smec it must be presumed that the ongin 1 ¢ f
Jrenal cortieal hyperfunction continues to act Hfter 1 or s gy Iy
?mn induced by ranoval of adrenal tissae addiion ) rearrrene s 1 e
anticipated with the passage of more ume
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satisfactory remussion regrowth may lead to relapse re
section of too much tissue leads to adrenal msufficiency
requining replacement therapy which m atself must be
balanced mcely Indeed the situation 15 somewhat anal
ogous to surgical therapy for hyperthyroidism and based
on this analogy one mught predict that results following
subtotal adrenalectomy will improve And too as morc
1s learned of the ongmal cuse of adrenal hyperfunction
greater efforts will be made to find switable analogs wlnch
may obviate surgical mneusers

Recently severil clmaans have suggested total ad
renalectomy for Cushing's syndrome

Resume of Surgical Treatment In an attempt to clar
ify the approach to the surgical management of Cushing s
syndrome Sprague ¢t al** and Albnght and lus assoc
ates *° quite mmdependently have drawn up a formula to
follow By and large we agree

1 If the first 1drenal glnd explored 1s atrophie al t
most surely the contralateral glind 1s imolhved 1n tumor

2 If the first adrenal gland explored 15 large the
patient has adrenal hyperplisin and the contralateral
gland will be Jarge also

3 If the first adrennl glind evplored 1s normil m
size this adrenal and 1its opposite are probably hyper '
funetiomng though not hyperplastic nd 2 contralteral
tumor 1s unlikely

In situation 1 as outhned previously removal of the
tumor constitutes therapy  In so doing the need for re
plicement theripy 1s paramount 1 situations 2 and 3
subtotal adrenilectomv 1ppears to be the procedure of
choice at present of those with the most experience

Vinhizing Tumors  Adrenal cortical hyperplisin and
adrenal cortical tumors may cauwe wvmlization rapid
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growth mecreased muscularity and accelerated epiphys
1e1l ossification (indrogeme cffects) and yet be unasso
ciated with signs suggesting hypersecretion of corticoids
as seen 1 Cushing s syndrome  Such a syndrome has been
called adrenal vinhsm interrenalism and the adrenogem
tal syndrome the latter preferred by most

As mdicated heretpfore the clmical picture obseryed
depends upon the tli& in development at which excess
androgen production occurs and the sé(lof the patient
If adrenal hyperplasia occurs before mtrauterine differ
entiation of the sex organs the resulting abnormahity will
be either macrogenitosomin precox (congemital adrenal
hyperplasia) m the male or pseudohermaphrodiism m
the femnale If erther adrenal hyperplasia or cortical tumor
develops after differentintion of the sex organs the result
may be vinlization i the female both m the child and
the adult and precocious sexual devclopment 1n the male
child

In the Female Child

Inadence To 1948 Wilkins ™ found reports n the
literature of 70 cases of adrenal cortical tumors 1n clul
dren Of these 53 were guls 31 with siens ind symp
toms of uncomplicated adrenogemtal syndrome nd 22
with findings suggestmg Cushings syndrome  He con
cluded that  From the time of birth unti] the tenth or
tuelfth year vinhzation 15 usually of not Always due
to adrenal tumor After this age vinhzation mw be due to
exther tumor or hyperphsia

Diagnosis  In contrast to 1 female pseudohcrmaplio
dite with congemtal adrenal hyperplisia at burth 1 fomile
child with 1 vintizing tumor has no malformation of the
gemtourmary apparatus  Unlike the fomale psandoher
maphrodite who shows a urogemtal smus (Figne 15)
the female nfnt with tumor has 2 normally sitnitcd
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urethral onfice which 1s separate and distinct from the
vagia and normal mfantile female gemtala  Vinlization
secondary to tumor has been observed as early s the third
month of life Once m progress development may be
quite ripid

Faom 13 Sunultineons demonstration of urogenital smus va
iy mcthey and wnnan bladder by < gy following the imyection
of a radin-oprque hiquid
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We have chosen to 1llustrate the progress of events mn
these cases by presenting 2 representative case
] C History No A 33040 Harnet Lane Home for In

valid Chuldren of The Johns Hopkins Hospital a female
age 5% years was admitted 1n 1943 to the Endocrine Sery

e £/

Figure 16 A Vinhzation m a young glrl/;ecundnn toan 1 I )
cortical carcmoma A appearince of the patient five m]nun
toms and before operation B onc senr liter

after onset of sy (Coustesy of Dr Law

Disclosed recurrent tumor
(’ch Johns Hophins Hospital ] Chn Ludocrinol
8111 1948)

Reoperation
son WWilkins
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sce of Dr Lawson Willins - S1x months before the mother
hnd noticed that the chitonis w s 1 httle prominent and
since had become progressinely Iarger Shortly thereafter
pubic bair appeared and continued to grow The voice
became deep Although she gamed weight rather rapidly

Figure 16 B  (Sec legend on opposite page
Ve 7_\’.‘ 2 alle. ck‘i&'__é\g\sm
Qs s

X 2y ool 8 Lumary
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she did not become obese  The shin beeame aily and a
shght eruption appeared On exvminntion some cne of
the face was scen but no unusual amount of facinl har
Muscular development secemed advanced Breasts and
nipples were nfanhle and there was no aullary haw
Pubic hair was abundamnt (Figure 16A) and the labin
majore nd chtons were markedly cnluged  Urcthral
and vagmal onfices were normally situated  On pelvic ex
arunation under nesthesia both oy wnies and utcrus were
shghtly smaller than for the wverage child of five years
\ rays reveled 1 bone age of seven yers a noimnl sellr
turcien and normally situated kidneys  Values for totnl
17 ketosteroids ranged from 19 to 22 meg per dy the
beta friction constituting less than 1 per cent of the total

At operation through 1 trnsverse upper abdominal i

asion 1 golf ball sized tumor was found springing from
the nght adrena! This was removed  The Ieft adrenal
appetred normal  Figure 17 shows the microscopie ap
pearnce of the tumor which at operition appeared well
encapsulated nd was deseribed 15 an adienal cortical
adcnoma Exeept for 10 mg of DCA given prior to opera

tion no hormonal therapy was used Her postopcritine
comnlescence wis uneventful and she was discharged
from the hospital  Wathin four months the 17 ke tosteroids
hd fallen to 21 mg per dav Howcnver there w s no re

gresston of pubte hur (Figure 16B} and the chtons re

maned Irge Within one year after operation the 17

Letostc rords had mcreased to 94 mg per v nd reopery

tion revealed multiple recurrences of the tumor m the

mesentery  Wiathun another year the patent aexpirad p

proumately two ycars after remoral of the origma] tumor

The Jast 17 ketosterord dctermmation prior to de (th
showed an excretion of 124 mg per dy

Several pomts re worthy of comment In the &if
ferentil diagnosis congenital adremal Inperplastiw as ex
cluded on the bases of absence of 1 urogemtal sinus and

other defects charnctenstic of female pseudohermphro
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ditism  premature pubarche was excluded by the ob
servations that vimlization was progressive the clitoris
was enlarged and 17 Ketosteroids were abnormallv high
Recurrence of tumor was predicted by the return of high
levels of excretion of total unnary 17 Letosteroids Cortr
cal carcinomas are frequently distingwished from cortical
adenomas primanly on histologic evidence of imvaston
(absent here} and climcal evidence of metastasis (pres
ent one year before death)

Treatment Provided there 15 no clintcal evidence of
metastases surgical excision provides the only cures
Often thesc tumors are mahgnant metastasizing to the
lungs Iiner and skeleton In cases where the diagnosss 15
mn question early exploration 1s mdicated

3R
(A' \
M A
E‘:\‘ =
A 4]
7.( NA o}
e ? 3
I LAY ]
e vg. n“
) i
Lons A
Eira .
SS -
rd

Figure 17 Photomicrograph (x200) of adrenal corticl carcinoma
causing vinlization of voung garl shown m Figures 16  and B
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In the Male Child

Incidence In Wilkms studv of 70 tumors m chil
dren descnibed m part above 17 were boys  Of these 12
presented 2 chmeal picture consistent with the dragnosis
of adrenogenital syndrome  Two showed obesitv of the
Cushing s type  One was femmmized and will be deseribed
bedow under the herdmg Femmizing Tumors

Smee this review several additional eases have been
reported nd others observed includig one unreportcd
crse seen by us which will be used heremn s wn sllustra
tion of a representatne case

Diagnosts  One suspccts w wdienal cortieal tumor
m 2 male chuldf sexutl precoaty occurs However euly
virthzation may be sccondary to congemtal rdrenal hy per
phsin or w mturstitial el tumor of the testis

Whereas 1t my be impossible short of surgical oy
ploration to differentrite tumor from congomtal hyper
plast severil features of the latter myy help A fanmhal
Tnstory of erther male or fom ile hyperplisi strongly sug
gests lyperphsin as does my esidence of wdrenil m
suffictency such as Addisoman pigmentation  Totd 17
Letosteroids nd particul il the beta fraction are usnally
lower

An mterstitial cell tumor of the testis mav 1t times he
palpable  In questionable eases testiculir bopsy w m
dheated

Agam we hue chosen to lustrate the mun fcituwes
n the dingnosts by eximple

11 B Histors No A 940356 Harmiet Ine Home | ¢
Invalid Chldren of The Johns Hopkms Hospital 3 box
wed four vears and nwe months was wdmtted i 1951
10 the Endocrime Service of Dr Lwson Wilkins and sub
sequently seen in consultation by onc of us Two vaars
before the childs parents had noted enlirgement of the
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penss and the appearance of pubic harr Shortly there
after he was studied at Duke Umiversity Hospital where
1t was recorded that the penis was markedly enlarged
sparse pubic hair was present herght age was 4% vers
« rays of the bones showed accelerited ossificrtion pyelo
grams showed the presence of 1 mass m the left upper
quadrant which depressed the left ludney a test for
urnary gonadotropins was negative and total urmary 17
Letosterords ranged from 73 to 144 mg per day 50 to 60
per cent representing the Dbeta fracion A diagnosis of
drennl corticl tumor” was made but operation was re

fused He returned home and during the two succeeding
years the parents noted progressive enlargement of the
pems the increase m pubic harr and deepeming of the
voice He had become very musculir and stronger than
Tis brother who was two years ns semor  On 1mtal ex

amination here his height 1ge wis eight years and s
bone age 12 years Therewas marked development of male
secondary sexual charactensties (Figure 18 A) with pubic
and axillary hair deep voice adianced adolescent de

velopment of pems scrotum and prostate but no apparent
adolescent development of the testes the size of which
were within normal limts for hus age The blood pressure
vanted between 104754 and 112/72 Unmary 17 ketoster

oids ringed from 106 to 194 mg per day and the color
test for dehvdrosoandrosterone was strongly positive

An mtruvenous pyelogram (Figure 18 B) showed down

ward displicement and rotation of the left hidney ap

prently due to 1 m1ss above 1t Percutwneous norte

grims were not diagnostic Blood chemistries including
serum electrolytes ind glucose tolerance were normal

A trasthoracic operation removed an encapsulated 7 em

adrenal tumor (Figure 18 C) which on section (Figure
18 D) was judged to hne ansen from the cortex The
postoperatine course was uneventful and no hormonal
therapy was required  The patient has remuned well to
date and continues to show regression of precocious
sexual charctensties
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Figure 18 A Vinhzation associated
with an ndrenal cortical tumor

Laoss s >R Abal
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Figure 18 B Intrvenous pyelogrim showing, downward displice
ment and rotation of the left hidnev by the tumor

Here the preoperitne diignoss of a vinlizing adrenal
cortical tumor was almost certun  Miscuhmization was
plunly evident there was no history of congemital adrenal
hyperplista 1n stbhings adrenal msufficiency was not ap
parent and blood chermstries were normal the lidney
was displiced by 1 probable tumor mass and both total
and beta 17 hetosteroids were marhedly merersed The
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Figure 18 A Vahzation associated

with an adrenal cortical tumor
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Tigure 18 D Photomicrograph (x200) of the tumor

Repler wnd heating  Calnll and his associates ¢ *
Walters and Sprague ™ md Cleroux and Oppenbeim *
have added 2 number of cases i which 1 picture of un
complicated adrenogemtal syndrome m adult women has
been issocated with an adrenal cortienl tumor We hue
not attempted 1 review and tabulation of all published
cuses

Diagnosis  Masculimzation without the metahohic
symptoms usually seen 1 Cushing s syndrome may occur
m adult womey s the result of drenal Gortical hyper
function wrhénoblastomns of the ovary or after pro
longed admumstriion of lwrge amounts of androgen
(Figure 19 A and B)  Adrenal cortienl hy perfunction my
occur in conjunction with tumor

Arthenoblastomis of the ovary may be palpible on
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Figure 18 C The tumor in the gross

testes were preadolescent m size and no tumor was pal
pble wathin erther

Treatment  Surgica] evasion  Rountes will be dis
cussed below

In the Adult Female

Incidence In 2 review of the Iiteriture prior to 1937
Hugh Young ' found reports of 24 c1ses of adrenal corts
cal tumor 1n females over the age of 16 veirs in which
surgical exciston of the tumor hid been performed  Un
fortunately the lustonies heked sufficrent detu) to permat
hum to sort them nto distinct categortes although Al were
deseribed under the heading The Adreno Cemtyl Svn
drome A number most ccrtunly wonld now be cd isaificd
as cxamples of Cuslnng s syndrome

Since loungs review 1 number of authors mcludmy,
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pelvic exammnation but when not may confuse the diag
nosis Like cases of pure adrenogemtal syndrome artheno
blastomas are almost never assoctated with the metabolic
symptoms usually seen m Cushings syndrome

As hepler and Locke™ have pomnted out “pseudo
adrenal and quasiadrenal disorders often are the cuse
of diagnostic wornes Simple husutism rarely proves to
be secondary to an adrenal cortical tumor but when 1t 1s
assoctated with obesity and amenorrhen and at times
with mild vinlism great difficulty may be encountered 1n
establishing the dingnosis Al the tools of the endocrinol
ogist my be needed to solve the nddle the true diignosis
m1y not be established prior to surgical exploration and
at times not then even though sections of the adrenal are
studied

The following case serves to illustrate the principal

dignostic features of the adrenogenital syndrome n an
adult female resulting from an adrenal cortical carcinoma

BC History No 457100 The Johns Hopkms Hos
pital a female age 27 years was admitted to the Surgical
Service of Dr Mark Raviteh i 1948 complurmng of left
upper quadrant pun menorrhea the appetrance and
growth of hur over the face abdomen and extrerities
hushiness of voice and 1 30 to 40 pound werght loss ll
of \pproamately exght months duration  Examunation re
vealed 2 slender woman showing male distnbution of
pubic nd abdomima! har a defimte beard 2 husky voice
2 small goiter and « large hard rounded left upper quad
rint mass  The oxvanes felt normal on pelsic examinton
Pyclograms made clsewhere showed a normal left upper
unnary tract cxeept for downward displicement of the
entire hadney by an extrirenil mass  Tins mass lso
csed medil displicement of the stomach  Chest « rays
were negatne  Blood studies were witlan normal nge
Total uninary 17 hetosterods were 693 mg per day  the
beta fraction was not d 1 Abd 1 expl
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Al
Figure 19 A and B A (Left) preoperitine ppeirance of n 18
yeir old female with adreno.cnstal syndrome cwsee by i idren )l
cortical adenom1 B (Right) apperance of patient seven months
after remavl of the tumor  (Courtesy of Dr Joln [ Howard
The Johns Hophins Hospital )
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showed downward displacement of the left hadney the
total urary 17 ketosteroids were markedls eles wed and
the ovares felt normal There were no metibolic symp
toms suggesti e of Cushing s syndrome and blood studies
were normal

Treatment Provided there 1s no evidence of metas
tases surgicnl cxciston of the tumor constitutes proper
treatment as 1t does 1n 11l cases of adrenal tumor regwd
Tess of what type of symptoms re produced

Femmzing Tumors

Hyperadrenocorticism m the male secondary to tumor
usually results in Cushing s syndrome  Oceasionally how
ever 1solated expressions of hyperfunction such s fem
mization may occur without metabolic symptoms

In the Male Chnld

The only casc of an adremil cortical tumor causing
gynecomastin m a male clild prior to puberty 1s that re
ported by Walkins ¥ some det uls of which are presented
Delow It will be noted that there 1s hittle i the history
and examnition to suggest fumimzation other than the
prt d gy n Ind g this case Wil
hins pomts out that gynecom wstia 1s rire betwcen the neo
nital period nd 1dolescence nd when present suggests
2 fammzing drenal tumor  In the newborn gyvneco
mastit may result from circuliting estrogens produced by
the mother and after puberty may be assoented with
adrenal tumors  testiculwr_chorwoepitheliomas Incr dis
eC Rlmefelter s ssndrome nd following feeding, after
1 peniod of severe manmtion

D G Ihstory No A-31153 Haimnet I ane Home for
Tnvald Children of The Johns Hophins Hospital 1 boy
1ged four years ind eight months was admtted w 1943
to the Endocnine Service of Dr Lawson Wilkins Dr John
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was carmed out through 2 leng transverse upper tbdom
mal masion which transected both recti  Exposure and
removal of 1 huge 1160 gram tumor was facilitated by
resection of three costal cirtilages Fifty cubic centr
meters of adrenal cortical extract and 5 umts of blood
were given durmg operation Postoperative recovery was
prompt The tumor on section was n ndrenal cortical
caremoma (Figure 20} When last seen 1n July 1949 15
months after operation her menstrual periods were reg
ular and there ws hittle external evidence of maseulimz
tion Her voice was soft and femimmne Unfortunately
17 ketosteroid determmations were not repeated

Here agam the preoperatne diagnosis of 1 virihzng
wdrenal cortienl tumor was almost certan  Masculmza
tion was of recent onset and progressne the pyclograms

T

A
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20 Photomicrogriph (x200) of an adrenal corticd) cara
noma associated with vinhzation of an adult female

Frgure
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showed downward displicement of the left hidney the
total urinary 17 hetosteroids were markedly elevated and
the ovaries felt normal There were no metibolic symp
toms suggestis e of Cushing s syndrome and blood studhes
were normal

Treatment Provided there 1s no evidence of metas
tases surgical excision of the tumor constitutes proper
treatment as 1t does i all cases of adrenal tumor regard
less of what type of symptoms are produced

Femimzing Tumors

Hyperadrenocorticism 1 the male secondary to tumor
wsnally results in Cushmg s syndrome  Ocensionally how
ever nolated evpressions of hyperfunction such as fem
mzation mry oceur without metabolic symptoms

In the Male Child

The only case of an adrenal cortical tumor causing
gynecomstin in a male child prior to puberty 1s that re
ported by Wilkins ** some details of which are pre ented
below It will be noted thit there 1s little 1n the history
and examimition to suggest femimzation other than the
P d gyn n In d g this case Wil
kins points out that gynecomastia 1s rire between the neo
natal period and adolescence nd when present suggests
2 feminizing adrenal tumor In the newborn gyneco
mastia may result from arculating estrogens produced by
the mother and fter puberty may be 1ssocinted with
drenal tumors testicular_choncepitheliomas liver dis
€i5e Rliefelter s syndrome nd followmng feedmg fter
1 peniod of severe mantion

D G History No A-31153 Hamet Lanc Home for
Imakd Children of The Johns Hophms Hospital a bov
nged four years 1nd eight months was admitted m 1943
to the Endocrine Service of Dr Lawson Wilkins :Dr John
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Eager Howard had been asked to sce the boy previously
m the Acadent Room because of enlarged breasts Ques
tioning, of the mother reyealed that she had noted that the
boys breists first began to enlarge at the age of six
months Neonatal hyperplasta of the breasts had not been
observed Nothmng else unusual had been noted by the
mother and growth and development had appeared nor
mal to her His appearance on exammation 15 shown m
Figure 21 A Positne findings were 1 bene age of 10

2 Femmization assocated with an adrenad corticil
Figure 21 A (Courtesy of Dr Luwson Witkins The

Johns Hophuns Hospital )

tumor prior to remosal
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years marked mammary development some enlargement
of the prostite calcification in the region of the nght
adrenl above 2 bifid rght hidney (Figure 21 C) 1 shght
eosmophiha and < total unnary 17 hetosterod excretion
of 41 mg per day Urmary estrogens were shghtly m
creased On exploning the nbdomen through a trans

fwure -1 B Appearance of patient three years and three months
fiter  (Courtesy of Dr Lawson Willins The Johns Hophins Hos
ital
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Figure 21 C Intruenous pyelogrim showing aret of calafiction
1n the tumor 1bove but not displiaing, 1 bifid nght hidney (€ our
tesy of Dr Lawson Wilkms The Johns Hophmy Hospital )

verse upper abdomm il masion m cncpsubated Glafed
pewut sized tumor could be seen springmg, from the nght
adrenal Both the tumor wnd the nght adrenal were re
moved The Icft wrend appared normdd — On micro
scopie exummniton the tumor 1ppered to be 1 baugn
cortictl wlenoma thought possibly to anse from the pre
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nty zone (Figure 21 D) The only hormonal therapy
used was 10 m,, DCA on the day of operation 1nd lis
postoper 1tive course was quite uneventful Figure 21 By
2 photograph made three vears and two months after
operation and shows some residul gynecomastia  When
Tst scen m December 1930 the breasts were contmung
to regress He ws otherwise normal

As stated previously there w s little other than gyn
ecomstia to suggest an adrenal tumor m this case The
value for nrmary 17 ketosterords though shightly elevated
for a boy of this age was not remwhable Furthermore
calerfic wtion does not necesstrily suggest an adrenal tumor
Strong suspicion plus exploration established the ¢ wse
AR LA AN I
I ', [+4 ,'::“'.’;- N :’,‘,,: .® %, Aﬁ’( ﬂ“d
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Frqure 21 D Photormcrograph {(x200) of the benzn cortical

denomy removed Patient e and well eght vears after opera

tion  (Courtesy of Dr Lawson Willins The Johns Hophins Hos
pHal )
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In the Adult Male

Inadence In 1948 when Willuns ¥ reported the
femmizing adrenal cortical tumor m the boy descnbed
above he also presented A review of fermzng adrenal
tumors n males after puberty To 1948 reports of 10 cases
were found Addmg one previously unreported but
studied by one of us (W WS ) the total w1s brought to
11 Armstrong and Simpson ® 1dded another m 1948 after
Wilkins report and n 1951 Mortensen and Murphy *
added another the thurteenth Recently three additional
as yvet unreported ctses have been brought to our atten
tion?® °°¢

Dingnosts In all cases repoited to date gyné{omastm
has bem)present and a promment feature Depression or
loss of hibido was present in seven cises m the remuning
six no nformition concermng hibido 1s given  Atrophy of
the tebtes 1s recorded 1n seven s 15 decrease or loss of
sexual ha’of male distibution  Obesity occurred in two
but did not suggest Cushmg s syndrome In the majority
a palpable/ibdommal tumor has been present ind pyelo
grams hwve been of distct value 1n localizing the tumor
to the adrenal region

Uninary hormonal studies hive been made 1nosiy cases
In two unmnary comb growth indrogens hve been noimal
and m these same two values for unnay cstrogens de
termuned biologically were high In one dditronal case
bioassay showed only 1 shght increse i urin iy estrogen
excretion

Unfortunitehy total urmmwy 17 ketosterowds  ne re
ported n only four cascs and the beta friction i only one
of these In two clevation of the total 1 distinct 1n onc
less so and i the fourth values we norm i Inthe cwse
studied by one of us total urnmary 17 hetosterowds ranged
from 196 to 213 mg per dav preoperatisely and over 93
per cent of this consisted of the beta fraction  Scventy

4
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milligrams of dehdroisoandrosterone were 1solated from
one 24 hour specimen of unme

Illustratve Case The following case previously de
serbed m part by Willins** m s review wnd studied
by one of us (W WS ) while at the Unuersity of Chueago
1s presented i some detarl as 1t allustrates certym prom
nent signs nd symptoms common to the majority of cases
of fermmzing adrenal cortical tumors occurnng 1 adult
males

G B History No 349103 The Unnersity of Chicago
—VUnnersih Climes a man aged 42 years was admitted
n 1945 to the Endocrine Service of Dr Allan Kenyon and
subsequently trnsferred to the Urologic Service of Dr
ChaﬂLs Hugams Three months before he noted that his
brefsts had begun to enlrge and shortly therexfter that
although his deswreor intercourse w1s strong he was im/
potent  On examnation the brensts were enlged and
their arcolae pigmented (Figure 22A) a lugeAnass
was pilpable in the nght upper quadrant and flank
and the spleen was enlarged  Intr cnous 4y clograms re
realed 1 large soft tissue mass disphaong the neht ladney
downward (Figure 22 B) No defimte pulmonary me
tastises could be seen on xray  Total 17 ketosterowds
rnged from 196 to 213 me per day preoperttively over
93 per cent of which consisted of the beta frwction A
Friedman test for unnan, gonadotropms was negatne
Through a tnnspcnmnml(nusmn 2 1100 gram tumor was
removed (Figure 22 C) which on section (Figure 22 D)
proved to be an adenocarcinoma of the adrenal cortex
with connectiv e tissue being sarcomatous in nature ™ Dur
mg the first week postoperatnely hoth adrensl cortical
extract and DCA were used in the minngement The post
operitive course was complicated by symptoms and signs
of thrombosis of the infenor vera c1va Wathin one week
af operation totl unnany 17 ketosterords had fallen to
14S mg per dvy (Figure 23) with reversion to 2 normal
rtto of alpha wd beta fractions Wathin fve months a
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Figure 22 A Fenumzation assoctited with wm adrenal cortical
carcmom i vmile age 12 yeurs

chost vy (Figure 24) rocded widasproad pulmon iy
metastises and the following, month the patint expired
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Figure 22 B Intravenous pyelogram showing marked downward
disphicement and distortion of night kidney by « tumor mass

No unne speamen was obtuned prior to the patients
death and hence urnany 17 ketosteronds could not be
detcrmined

Treatment and Prognasis  Most cises of fonumzing
adrenal tumors have been fir advanced when first scen
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Figure 22 C The tumor in the gross (1100 grams)

and consequently prognosis has been poor Only four of
the 14 cases occurnng 1n all age groups surined exasion
of the tumor nd were free of metastases at the time they
were reported Two of these had not been followed suffi
ciently long to exclude recurrence

At present surgical cxcision of the primuy tumor
pnior to metastasis offers the only chance of cure No data
15 wvulible to permit esaluttion of x r1y therapy ather
conjunction with surgery or tlone

In view of the poor prognosis it would seem that for
the present early ind diligent search for the ¢ wse of any
and ll signs of feminization should offer men with tumor
1 better chance  Certunly this search should include de
termination of the unmry 17 hetosteronds

Hormonally Active Medullary Tumors

Inadence

Pheochromocytoma  Prck % m 1912 first suggested
the term phcachrumocunmn" for tumors of the adrenl
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Figure 22 D Photoricrograph (x200) of tumor showsng “sirco
matous niature

medulla rescrving the term  panganghoma for chro
mffin tumors in locations outside the adrenal and 1ts
mmmedinte vieimty  Ten vears later Labbe Tinel and
Doumer * reported the first case of paroxysmal hyperten
sion due to 1 tumor of the 1drenal medullh and m 1926
Yaques nd Donzelot * appear to have mrde the first
diignosis of 2 pheochromocytoma i the Ining subject
According to Howard and Barker® “The first report of
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Figure 23 Unnny 17 hetosterards ind estrogens before and after
remon il of i adrenml cortical caranom s 1ssaetited wath femimizt
tian w0 an dult male 17 ketosteroids wre expressed i mulligrims
per dyy  unmin estrogens m microgrm cquivalents of alpha
estradial benzote per diy \ate that prior to opcrition lmost
Al of the total ketonsc friction w s ccmposed of heta 17 Retoster
ods Thereatter there wis 1 seversion to 1 norm rito of alpha
wd beta fractions  (Previoushy reproduced by Hucgins aind Ber
genstal )

~m opertine remanal of such 1 tumor with redicf of symp
toms was made by © I Muyo * The tumor ws described
m lus articde s 1 retropenitone 1l milgnint blawstoma
After further ciscs with stmilir svmptoms liad been re
portcd however the sections were review et and the ding,
nosis changed to pheochromocy tom1 U Actually the first
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TNigare 24 Pulmonary metastases secondury to an adrenal cortical
creinoma 1ssoctated with fermmzation i an 1dult male  (Refer to
Frgurc<22A B Cnd D)
report of 1 successful operition for this tvpe of tumor
that we have found was published by Roux "7 in Februany
1926 From the very brief description of the symptoms
m lus patient we feel quite sure that paroxysmal hyper
tension wAs present but no blood pressure determmations
are ghen The combmation of correct preoperatnve ding
nosis and successful surgical removal of a pheochromo
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tytoma with parovysmal hypertension was first nehieved
by Tincoffs *** and Shipley **

Although a pheochromoeytom< 1s 1 comparatiscly rre
tumor over/200 cases hnve been reported to date Having
been observed with equal frequency 1 the mle ind fe
male 1t occurs usually betw een the ages of 20%nd 50 years
though the extremes of seven and 71 are reported Ac
cording to Brines and Jennings *® almost 90 per cent of
these tumors are m the adrenal with 2 shght but defimte
predilection for the night side In Cahulls ! serses of 15
cases mmsohving 17 tumors seven were located outside the
adrenal one of which wis m thevheck  Phillips 1@ has
reported an oceurrence of this tumor in the thoras

Calkms ang Howard ¢ were able to find 15 patients
with bilaterattumors five of which were malignnt  In
this report they present two most mteresting cases of
bilater1l tumors studied by them and operated by Cols
ton occurring m blood relations aunt 1nd niece  Of
further mterest was the history that the Iatters mother
and formers swster had died at age 28 of paroxysmal by
pertension  The niece s died of metastases smee this
report  Sprague et al ' estimate that these tumors are
bilateral mn at Teast 10 per cent of crses wnd that they mmy
be mahignant 1n perhaps 10 per cent Rarsier ™ cstimates
malign ey s being of the order of 8 per cent Ten cases
have been reported as occurnng i the organs of Zucker
tandl — those small nests of praganghon cells 1sso
cnted with the ssmpathetic plevuses ind located 1long
the vortr near the root of the infertor mesenteric arten
(Yarborough **)

Diagnosts

Symptomatology There appers to be httle question
but what the symptoms qssociated with pheochromocy
fomas are sccondany to release mto the blood strcam of
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epmephrine or norepmephnne However from a review
of the symptoms in proved cases 1t appears likeh that no
constant pattern 1s observed but rather several patterns
seemingly dependent on which vasopressor substance 15
released n what quantities and whether mtermttently
or continuously Thus tumors have been found 1n the
following tvpes of cases (1) those m which no‘symp
toms have been eheited and in whom a tumor 1s found at
autopsy (2) those mn which there are characterisic re
producible parovysms ‘of hypertension and associated
symptoms “nd (8) those in whom the chief svmptom or
finding 1s sustuned”hypertension simulatmg erther the
essential or malignant type

Cases of true pheochromocy toma without cardioy ascu
Thr symptoms or signs are distmetly 1 the minonty prob
ably representing less than 10 per cent of all In a recent
report of five cases of pheochromocytomas P d
prior to autopsy Berhheiser nd Rappoport! review
the histortes mn some detul  Mild to moderate hy perten
sion was present in four of the five only one presenting
no signs or symptoms of 1 cardioy ascular nature At au
topsy two days after a combined rbdominopermenl resec
tion for a carcinom of the rectum 14 em pheochromocy
tomn of the left adrenil was found  In addition multiple
neurofibromas were present as well as liver metastases
histologieally like the primary rectal tumor

Charctensticallh  pheochromocy tomas gne tse to
paroyysms Zof hy pertension ‘ICCOH‘AK)']HIC(I by apxiety
hellache precordid and eprgastric istress palpitttion
s“c?ng /pallor €oldness of the extremities and nfiser
or \brmutmy, Roughly one third to one hilf of patients
with these tumors have attacks of this genertl pattern
vanying somewhat from pitient to patient ang degmc
However this vanes for i 1 sencs of 25 pinients studicd
by Sprague Kvale and Pricstley ' * the tumars of 14 w cre




80 Surgery of the Adrenal Glands

considered to be functioning paroxysmally  According
to Wells and Bowman ' the incidence of chromc hyper
tension m patients with functionmg tumors ncieses with
time This appears logical 1s commonly 1t has been ob
served that as the disese progresses the mters 1l between
attachs becomes shorter/ind shorter

Parovysmal attacks secondary to pheochiomoceytom
must be differentinted from evere anuety attacks This
m1y be difficult In 2 review of 12 cases secn at The
Johns Hophins Hospital Howard ¢t was impiessed that
wheicas 2t times 1 parovysm appenucd to be preaipitted
by anviety or evertion more frequently manipulations
causing pressure on the tumor or metabolic changes such
ns hypoglycemrn  appeared responstble  Furthermore
most patients with tumors were emotionally stable At
times n indescribable aurn preceded 2 paroyysm and
alw ws precordial pun followed rather than preceded the
hypertenston  Smuthwich ¢t al'* have been impressed
with the frequency with which all patients with tumors
whether associated with persistent or parovysmal hyper
tension mamfest other pharmacological effects of epme
phnne release Howards expenience 1s simlw m that
over half of lus patients pcnpxred/ﬂmost continuously
sever1l had rapid pulse and 1 low gride fever ind one
third had basil4metibolic rites greater thm +15 Al
though dibetes oceurred m two patients with pheachro
moes tomas nd was 1eliesed by remov i of the tumor he
was not mmpressed with the frequeney of 1ssocrition of
the two conditions believing that hypertension aind din
betes were more 1pt to occur 1s 2 comcadence

As noted above the nryonty of pitients with pheo
chromocy tom s do 410t hwe prroxysms but present than
selves with chmeal pictures mdistingursh ible from that
of essential or milignat fnpertension As 1 conscquenee
pharmnrcologic 1l means hue to be used to diffcrentite
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these diseases In Smuthwichs® ¥ senes of 1000 cases of
hvpertension subjected to lumbodorstl sympathectomy
explorition of both adrenals at the time revenled five
pheochromocvtoms (05 per cent)

Pharmacologic Tests In general these are of two
types (1) those designed to stimulte /dlsdmrge of
pressor compounds from the tumor and (2) those de
signed to low er'blood pressure by competiine mhibition
of the pressor compounds released by the tumor In gen
er1l these uds hne been of greatdhelp

The histamine test introduced by Roth and Raale '
mn 1945 belongs to the first group — those agents which
stimulate discharge of pressor compounds from the tumor
—and hence mimic 4 pwoxysmal attach It las been the
expenence of many that this test has been most useful
m establishing the crse of parowsmal hypertension
whereas mn patients with sustuned hypertension com
petitine drugs such as benzodinan ete are preferred

1t should be emphasized from the start that a nega
tice Iustanune test does not rule out the presence of a
pheochre Care 1n conducting the test reduces
the number of false negatnes to a very few Of 1 conse
quence 1t becomes importnt to heed the recent admont
tions of Dr Grace Roth ** who has had the most expen
euce with this test Pror to the test the patient should
not huve had any sedabion for a mimmum perod of 12
haurs e should not hase had amy thiodyanate for four to
siv duvs or until thioey mnate can no fonger be detected in
the blood 1 cold4ressor test should be performed

Important m conducting the test itself are the size
of the dose the wiy the drug 1s admmistercd and the
frequency of determimation of the blood pressure after
wdministration of the drug, Roth stresses that small doses
of histamine mcrese the margin of safety and suffice to
stimulite n attweh Thus she recommends a dosage of
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001 to 003 mg histamne base mtravenoushy, but never
more It 1s best admnistered through one of the ports
of a three w1y stopcock wihile 4 slow mtrayenous mfusion
of silme 1s running to avord the possible effect of vem
puncture on the blood pressure

After gnang the drug mtravenously to a patient with
a pheochromocytomt and if blood pressure deternuna
tions are made with sufficient rapidity within 80 see
onds there 1 1 fall/m Dblood pressure  Immedintely
thereatter the blood pressure uses and reaches 1 peak
within one to three/mnutes This nse ¢ xeeeds_by_some
1004nm  the eles ation mitially obtuned by the cold pressor
test  Such 1s not the ease m normal indniduals by per
reictors to the cold piessor test nor those with estab
hished hypertension  Often m Inpertensines with 1 Iibile
blood pressure the elesation in bloed pressure myy be
greater in four to ten mmutes after injecton than 2t two
mmutes  Frgure 25 illustrates 1 ty prcal positive histamime
test i 1 patient with parosvaml by pertension in whom 2
pheochromocy toma was removed by one of us (W WS )
Her blood pressure response to cold 15 shown for com
parison (Thrs womms cise Instory 1y deserthed m detail
elsenhere by Dr Robert £ Mason® bomg, one of two m
which negitine benzodiovan tests were ohserved but
both of which lustamme tests were positne )

Some ntermsts have criticazed the histamine test not
only on the b of the severilAils negatise ro wtions
obsenved but becse of violent fnper e action with the
possxblht) of 1 cerchrl wadent pulmoniry <den or
-m ocuhr hemorrhage It s the fodmy of Howwed ¥ ind
the authors that w the presence of persisteat by pertension
with.obiious s wscuttr dumage the histimine test 1 best
omitted but m patents with provvsmil Inpertension
who are normotensiie between attichs the test gives
much felnble nformation and nodnore danger will result
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Figure 23 Cold pressor and Justamune tests pnior to removal of

a pheochromocytoma Tests were done mn succession on the same

day  Note that maximum systohie pressure after histamme exceeds
tht following cold by more than 100 mm mercuny

from 2 istamine nduced paroxysm than onc occurnng
spontancously

Other 1 cnts belonging to the group wlich stimulate
an attack mclude etamon® (tetracth)]ammnnmm) and
mecholyl®  Nesther has proved as satisfactory s Insta
mine

As stited above m the determination of the cause of
persistent hypertension drugs which et 1s competitive
mhubitors of the pressor compounds relesed by the tumor
we to be preferred Three examples of such drugs are
1 dioxan it vdrochlonde and regitmc®

In 1947 Goldenberg Snyder and Arinow * introduced

the use of 2 (1 pipendyImethy 1) 14 benzodioxan {piper
oxin 933 Tourncau or 1 daine®) 1n the d of
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001 to 005 mg luistamme base mtravenously, but never
more It 15 best admimstered through one of the ports
of 1 three wAy stopcoch while a slow intras enous snfusion
of salime 1s running to avoid the possible effect of vem
puncture on the blood pressure

After gnmg the drug mtrivenously to a patient with
2 pheochromoevtoma and if blood pressure determint
tions are made with sufficient rapidity within 30 see
onds theie 1s 2 fall/in blood pressure JImmeditely
thereafter the blood piessure riscs and reaches a peih
within one to three/mmutes This nse_cxceeds_by_some
1004nm the eles ation mibially obtaned by the cold pressor
test Such is not the cwse m normal mdiniduals yper
reactors to the cold pressor test nor those with cstab
lished hypertensian  Often m hypertensnes with 1 [ibile
blood pressure the cley ation m blood pressure may be
greter m four to ten minutes after njection thm at two
mnutes  Figure 25 tllustrates 1 &y pieal positinve Instamine
test ain 1 patient with paroxysmal hy pertension in whom 1
pheochromocy tom was ramorved by one of us (WWS)
Her blood pressure response to cold 1s shown for com
parson { Thys womms cwe listory 15 devenhed in detul
elsewhere by D1 Robert £ Mason® being one of two in
which negatnc benzodioxan tests were observed but m
both of which histimme tests were positine )

Some mternists hive cntiazed the histmune test not
only on the basis of the scveral file negatne reactions
obsersed but brcwse of violent fivper 1 iction with the
possibehity of 2 cerebril awcadent pulmonary cdema or
an ocular hemorthiage It 1 the fechng of How nd ' ind
the authors that m the presence of persistent bypertenston
mt‘)),ob\mus ywculr domage the hstmuee test s hest
omitted but m paticnts with prrovysmal hypertension

who 1re normotensive between attwcks the test gnes
mieh fcliable nformation and noAnore danger will result
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longer Three to fise days are required for full recovery
from a smgle mjection during which time 1t 15 impossible
to countcract ats action with_epmephrine  Its recom
mended test dose 15 7 mg for each hilogrim of body
weight dissohved 1n 300 cc of 5 per cent dextrose nd
groen mtravenously over the course of one hour  Because
of the frequency of untoward%ide reactions and false
positrve tests i patients with essential hypertension few
recommend 1ts use for the differentinl diagnosis of pheo
chromecytomas

In 1931 Gumson and his associates® reported thewr
experiences with regitine® (2 (N p toly1 N (m hydrovy -
phenyl) nminomethy!) imidazolme hydrochlonde) s 1
routme testng a_cnt for pheochromocyvtoma in patients
with hypertension _smngle mtrimuscular imjcction of
5 mg serving s the test dose In patients with proved
tumors regitme® produced 1 reduction/of blood pressure
which Tasted Jonger than that produced by benzodioxan
and i 2ddiion was assocrted with fewer/side effects
and wath less fluctuation m hlood pressure in patients with
hypertensne vascular diseise  As noted hove 1t ap
peared to offer no rdvantage over benzodiovin in over
cormng, the false/positive tests so frequently obsenvel m
uremn although no false 'negatine tests have been en
countered to date As yet we hve had no expenience with
the drug

Toent

)| Ads N ridiolo e technies
have been mtroduced to ud m preoperatine locahizrtion
of the tumor once the diignosis hs been established
symptom tologs and pharmacologic tests Thesc have m
cluded penrenal msufflation with nr or oxygen lammog,
raphy and aortographs  Whereas it 15 alwans gratfying
to have a mice preoperatine film d ratipe 4 tumor
1t has alw 1ys seemed te us that ths 1s of hitle mportance
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pheochromocytomas assocrated with persistent hyperten
sion This drug ppears to be a truc competitor of epme
phrine and norepmephrime although some question com
petitive 1ction with the Intter

This test 15 carned out m a similar fashion to that de
seribed for histimine However necordmg to Howwrd
lnrbx(ur.ﬂes/]o not wterfere with the test Tollowing
ntraycnousidmimustration of the currently recommended
test dose of piperovin gver a_two mmute period (15 mg
total or 025 mg for each kilogram of body weight), the
blood pressure is cwrefully recorded tud the over Wl re
sponse of the pitient noted A posttive response mnd
citmg the probable p7sence, of 1 phcochigmocy toms
consists 1 1 significintrop m both s;stohc%d dinstole
blood pressures stirtmg within two to three/minutes
after_injection and returnmng 1}0 control levcls within 20
minutes Not 4l pati nts with persistent hypertension due
to a proved pheochromocytoma ive positice tests In the
scries studied by Goldenberg and his wssoaiates * Difts
nime pitients with operatively demonstrited pheochivono
wtom bae shown positive henzodioxin tosts while
only thrce filsc negatne tests hue been observed
Others mcluding Cilhins Damt and How wd  Plice
and Malmin  hue observed filse negrtive tests

False positisc tests my also occur Grimson wd his
assoctates ' 1 2 recent paper which detlt wath the com
pratne merits of tenzodiovan ind regitine™  found tht
both drugs gue fib posttne vifees m 5 of 11 pitents
with hypertensn e vasculir disc e wd wromn

DibcnuwmmeXbyvdrochlonde (N dibenad beta chloro
cthylimne mdrochlonide) has also heen used suecess
fully s a test for pheachromocy tom v patients wath p v
swtent Iy pertension Like benzodiocin 1t appears to be
an epme phnne comp hitor but one which wts much
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Figure 26 Percutaneous ortogram y

tom1 of nght adrenal (method of Petree 1) (Courtesy of Dr

Elmer Belt and Dr Willard E Goodwm Unnersity of Califorma
at Los Angeles )
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particularly m view of ow helief that transperitonel ex
ploration of both adrennls and penaortic ganglin should

be curied out m every case n which pheochromocytoma
1s suspected In three 1ecent cases of pheochromocy tomas
seen at The Johns Hophins Hospital the tumors were cor
rectly Jocalized with lammograms This techme how
ever could not be evpected to reveil small extra adrenal
tumors

Although we h1ve made a number of aortograms for
other purposes we have not used this technie m cases of
suspected pheochromocytomr  Recently we were unable
to demonstrate 1 4 em adrenal cortical tumor by percu
taneous nortography Most 1ecently however my former
assoctate D1 Willwd E Goodwin now i charge of
Urology 1t the Unnesity of Californin 1t Los Angeles
sent me serral nortograms which he and Dr Elmer Belt
had made preoperatively according to the peicutineous
method of Perce ¥* 1 1 boy with 1 pheochromocy toma
which at operation repliced the nght adrenal Through
their courtesy one of the postinjection films showing ex
cellent localizrtion of the tumor 1s reproduced in Figure
26 No untowird side effects were notcd 1 this patient
nor have we expenienced any m our rither Trge series
done for other purposes

Examination of the Urme In 1 1ecent commumication
A Engel wd U S von Euler *7 report greathy mcreased
unnany excretion of norcpiephrine ¢pinephrme 1 two
cases of proved pheoclhomocytomn m which these deter
mnations were made  Of further mtercst w s the obser
s iton that the proportions of hoth pressor substances
were approvimately the sime s 1n the tumors remos cd
After the remov Al of the tumors the norepincphrme ¢
nephnine output 1 the urine fell quickhy to normal m both
cases It 1s hoped that this lughly exaitmy, work will be

extended
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equnnocal A histamine test reproduced m 11l detalls one
of the spontneous ttacks deseribed with the blood pres
sure rising to over 300 mm systolic over 190 distolic after
a trnsient fall This nse excecded by much more than
100 mm the elevation obtuned by 1 cold pressor test
An mtruenous pveloirim was unsatisfictorv but 1 lim

mogram sugeested a smrll mass above the left hidney

A dienosis of a pheochromocytoma ctusimg parovysmal
and sustuped hypertension was made and shortly there

after one of us (W WS ) carmed out explorabion of the
adrcnals through an upper trinsverse abdommnal maision

The night adrenal way norml  the left adrenal was m

vohved n tumor This tumor measured 4 centimeters 1n
diameter was reddish brown 1n color nd secmed to he
fused with 1 normal appearing gland which necessitated
partial adrenalectomy to ansure removal of all of the
tumor  After removal of the tumor and for the nest 24
hours her blood pressure w1s mauntuned with dilute
epephnne solution (1 milheram per 100 cubic centi

meters of flud) at 120780 to 140/100 regulatin., the rite
of flow 2ccording to the blood pressure In all dunng this
penad she recerved 22 milligrims  Cons lescence there

after was ¢ssentinlly uneventful Histamine and benzodi

o\an tests done on the tenth postoperitne dvy gave nor

ml pressure responses  She was discharged on the fol

lowing dw md has remamned well to date

Medullary Tumors with No Recogmzable Hormonal
Actinty

Neuroblastoma (Sympathicogonioma and Sympathico
blastoma)

Incidence Vhereas incidence figures are to be found
n the literature for neuroblastomas no data ¢an be found
grmng the cidence of sympathicogomomas nd svmpa
thicoblastomas indiiduallh  Generally the suffix blas
tom 15 used to mdicate 1 more malignant tumor but
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llustratine Case

E G History No 527036 The Johns Hopkms Hospital
2 housewife aged 28 years was admtted 1 1950 to the
Medicil Sersice of Dr E C Andrus with the complaints
of high blood pressure and ibumin in the unine She re
called that vt age 14 her blood pressure was 140 and on
admussion to college was 160/100 remaiming t that level
until 1949 In the spring of 1947 she begwn to expenence
rather frequent scvere headiches which were associnted
with profuse perspiration  These headaches would come
on at amy time of dwy would last about an hour and
spontaneously go away  She became pregnant late in 1848
or ewrly 1949 and m September 1949 delivered spon
taneously  full term Inving male child  Several blood
pressure readmgs rnged close to 180/110 and 2 plus
albumin was found on repeated urine exammations On
cischarge eight days postpartum her bleod pressure was
145/110 Inqumy revenled thet in the third trimester
of her pregnincy the chartcter of her headaches had
chmged These would begin with 1 sense of ntuset
the pit of her stomach and 1 feeling of malaise wath mld
jomt aches  Shortly thereafter she would expenence
severe aching pun int the ocaipital part of her head with
radiation to both frontal arens These were described as
steady and crushing m character and were associated with
pounding of her heart as af it werc too larce for my
chest Her face would blinch wnd she would perspire
profuscly  These attacks appetred to come on morc fre
quently when she was hungry would Iist for 1bout w
hour and when gone would lene her feeling, fine Duly
blood pressure examinations after admssion to The Johns
Hopkuns Hospital showed wide fluctintions ranging from
over 300 to s low 15 140700 She was observed to suffcr
attacks sumltr to those desenbed 1 the hustory w)th
nausea follow ed immeduately by flushing and ppitation
aching of the jomts dyspnea sweating and blood pressure
elevation to over 300 Whereas 1 benzadioxan test was
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tal system  As a result symp
toms vary from case to cise
As 1 Wilms tumor frequently
no/symptoms occur and the
mfant 1s brought to the phy
sicinn becuse the mother has
felt an abdomnal/mass As
the tumor grows md metastt
sizes multiple symptoms oc
cur which depend upon mn
volvement of nearby struc
tures the site of distant metns
twsis and the abihty of the
chitd to express lus feehngs
Frequently the mfant shows
evidence of wilsting  Diafrhea
or constipation ]'lll!(dl(.‘e ane/
mt nd generalized toxema
are usually secondary to ex
tens e Inerimyoh ement

In the three cases from
which we have drawn illustrn
tine matennl (Tigures 27
throngh 33) n the first atten
tion was directed to the tumor
by the mother feeling n 2b
dommnal mass 1n the second
the physieimn palpating the
tumor while eximmning the in
fant for upper respiratonn 1
feetion and w the third when
the parents sought medreal 1t
tention for their 4% vear old

Figure 27 Postoperatnve ap
pownce of 17 month old
il following surgical exer
sion of a sympathicogoniom
Fxasion preceded by v
therapy  resulting m an est
mited 50 er cent decrease
m the size of the tumor mass
Outcome fatal
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Rarsner ™ uses the term to mdicate a higher degree of
differentiation than 1s true of the sympithicogomoma
Turthermore he states  Practically the sympathicoblis
toma 1s less malignant than the sympathicogoniom es
peenlly when 1t occurs 1n later peniods of hfe

Occurrmg with equal frequency i either sex and m
or near either adrenal these tumors are found almost ¢n
tirely m young children some 80 per cent within the
first five years of Iife Those occurring in the older group
are usually less malignant and most often are sympathico
blwstomas  Neuroblastomas are the most common symp
thetic tumors n childhood and to date approumateh
400 cases hve been reported an mcrdence quate like that
of Wilms tumor of the hidney Whereas they usully arc
unilateral hilatery] tumors have been observed

Until recentlv distinction w1s made between Pepper
and Hutchison tvpes the former referrmg to neurobls
tomas of the night Adrenal principally metastitic to the
Iner the Iatter mcludmg tumors of sumlar histology rrs
ing in the left adrenal principally metastatic to the shull
However anthysis of cises by Farber * Kwsner  and
others *® has shown that the distribution of the metastases
15 not determmed by the histologie chiracter or the
tomic site of the orginil tumor Hence these eponymic
designations are not justified Wittenborg ! * studving 73
cases of neuroblastomn observed that the upper 1bdomen
was the primary site of the tumor 1 74 per cent some 60
per cent had metastasized at the ime of dignosis

Diagnosis

Svmptoms  Usully attention 1 dirccted to 1 ncuro
blastoma by the presence of 1 punless nontcnder b
dominal mass or because of metastses to the Iner or shele
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iqure 29 4 A gross appearance of « sympathicogonioma which

i order to bx removed required fesection of portions of the nght

s pogastne wrtcrs and nght common ihicvein B photomicrograph

«Q00) of e tumor showing roscite formation charictenstie of

sympithicogomomas  {Courtesy of Dr Richard hicffer and Dr
Glenn Morrow  The Johns Hophins Hosmtal )
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Ligure 25 Gross appearince of svm m
pithicogom t
3 : o (Reler to

son shortly after he had compluned of hdomimil pun
nd they had noticed a lump on lis hed which h 1({7111
creased 1n size and was assocnited with 4 bload shot ¢y«
s 1f 1 blood vessel had burst ”
Signs The presence of m abdommal mass on physical
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Fiqure 29 4 A gross appenance of a sympathicogmioma which

m order to be removed required resection of porti ns f the night

hvpogastne artery and nabt common thac vem B photemicrograph

(x200) of this tumar showng rosette formation charactenstic of

sympathicogomomas  (Courtesy of Pr Richard Kicffer and Dr
Glenn Morrow The Johns Hophns Hospital )



04 Surgery of the Adrenal Glands

exammmation of an mfant or young cluld immeduately sug
gests 1 ncuroblastomi or « Wilms tumor of the hidney
Skeletal x rays and excretory urograms often cstablish the
diagnosts Wheres sheletalfnetastases ire quite common
m neuroblastomn thev are rare mn Wilms tumors Al
though 2 neuroblastoma may made the Lidney and
present 1 pyelogram which suggests 1 renal embryoma
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Iure >0 A {\ preoperative ntravenous pyelogram in a pitient

with 1 pclviedympathicogonioma  (Refer to Figures 29 A wd B)

Nate pmnmmml Titernl dnphu‘ment of both urcters nght by

phrosis and left hyd B intravenous prelogrim

m same patient six months after remosval of tumor  The course of

both uretcrs 1 strucht and only shht caliectiss and pyelectiss
persist on the nght
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this 1s unusual Most frequently neuroblastomas appear
as extrarenal masses displacing fthe Lidney downwnrd
when ansing m the adrenal or causing Inter\l displice
ment of the ureters when ansing lower m the abdomen
with pvelographic signs of back pressure when large
enough to obstruct (Figure 30 A) At times both neuro

Fiure 30 B
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blastomas and renal embryomas are cilcified (Figure 32)

Neuroblastomas are distmgwushed from hormonally
actne tumors by the absence of symptoms and signs sug
gestive of adren1l cortical or medullary secretion as out
lined previously Wilkims ¢ however has obsenved a
14 year old gul with a tumor which resembled 2 neure
blastoma who climeally had severe hypertension and
whose Denzodioxan test was
positve  Upon stammng the
fresh tumor tissue with ferric
chlonde the chromaffin reac
t1on w s not seen and on ass1y
only aminute amount of epine
phrine was obtauned

Diagposis 1s est iblished by
DLiopsy ether aspiration or
surgicil of the tumor or 2
metastasis

Tretment

It apperrs that physicians
wsocinted with The Children s
Medical Center 1n Boston
have had the greatest expen
ence in the treatment of
neuroblastomas and the inter
Iigure 31 Pathetie appe winee of
1oy 1ge one and ane half years
secondhry to disscmmated  neuro-
Whstoma Biopsy of scalp leson
wis positse for  neuroblstoma
Trinsient improvement follow ed
cacli course of mtrogen mustud
but death occurred three weeks
aftce 1t courve  (Courtesy of the
Department of Pediatnies The

Johns Hophins Hospitat )
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this 15 unusual  Most frequently neuroblastomas appear
as extrarenil masses displiemg tthe kidney downward
when ansmg m the adrenal or cwsing Jater] displace
ment of the ureters when ansing lower i the abdomen
with pyclographic signs of back pressure when Iuge
enough to obstruct (Figure 80 A) At tunes both ncuro

Ficure 30 B
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Cilafied miss i right upper quidrant reprosenting,
a patient wath 1 dissemimited - nearobhis
* (Refer to Tigure 31)

Figure 32
the primary mmur m
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ested rexder 1s referred to the ongm 1l papers of Farber *
Wyatt and Farber' ! and Wittenborg® ® of that st
tution for details The latest communication by Witten
borg (1850) reviews 1 detait 73 cases subjected to no
specific treatment surgery alone or surgery and post
operative roentgen therapy and to this we wish to refer

In the group of 28 cases in which no specific therapv
was carned out 20 had metastases when first seen 11 died
withm one year The remaming eight when first seen ap
peared to have locahzed tumors Of these three died
within 12 months of local or distant spread one died with
metastases 10 years after the diagnosis two were dis
covered madentally at autopsv 1nd two are ahne and well
12 and 16 years after diagnostic biopsy

In 12 therapy consisted of surgical exasion of the
primary tumor only  Seven (55 per cent) survived threc
years or more Si< of seven m whom the primary tumor
appearcd to be localized to the 1bdomen sursned three
years or more 1 surviy il ratc of 85 per cent for this par
ticular group

Lleven patents received x ray therapy nfter surgery
but not before Two with shelctal metastases 1t the time
postoperitne therapy was begun died withm 18 months
Nine tumors appered to be lochized after preoperatne
study nd at surgery  In three of these the surgeon fult
thit cxersion was complete in six tumor tissue was known
to hune been cut across and part left behind  Four
the Ditter group (60 per cent) e In mg mnd wedl havng
been followed three to mine years

Tacnty two patients underwent biopsy only follow ed
by xra theripy One died within one week after treat
ment was began - Sre of the remuning 21 pitints with
met istases are 1‘_""1& and well thrce to 12t years after
vra therips (27 per cent) The remuning 15 patients
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with metastases all died within the year after biopsy and
mmtition of ¥ ray therapy

Wittenborg concludes that elr]y/dctechon and com
plete surglcalv{\cxsxon of the apparent local tumor offers
the best prognosis However if no distant metastases
can bg demonstrated 1nd surgical excision 1s mcomplete
x rayvtherapy still offers a good prognosis Furthermore
“primary neuroblastoma m the abdomen with metastases
to the Iner however still offers an excellent prognosis 1f
treated by wradiation A 100/ber cent three year survnal
m this group of sn f:ahents 1s reported

For a detuled discussion of the technic of roentgen
therapy m these cascs the radiotherapist should consult
Wittenborg s onginal articl — Of particular nterest to one
who 1s not 2 radiologist were Wittenborgs obser 1tions
supporting immedinte postoperative therapy without wait
mg for complete healing of the masion No wounds
broke down

At this writing no reports are 1nulable to mid m ssess
mg the value of radionctinve drugs mtrogen mustard or
ant1 folic 1c1d compounds 1n the treatment of dissermated
neuroblastomr Howcver Wittenborg ' ® calls attention
to 1 forthcommg report of 21 patients so treated by Dr
Sidney Farber ind associates Department of Prthology
The Chuldrens Medical Center Boston

In concluding this discusston of neuroblwstomas the
followng cnse 15 presented which illustrites many of the
features imolved m diignosts and treatment

RD Huntary No A 84846 IHrnct 1 ane Iome for

Ins 1hid Children of The Johns Hophins Hospital by

aged onc veaar wd three months was apparently well

until three months prior to entry here The chuld wis

tahen to the famly physictn becwse of 1cold md on

physical exummation 2 Jarge md abdommil mass was
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felt Intravenous pyelograms revealed that this mass had
cused marked lateral displacement of both ureters nght
hydroureteronephrosis and left hydroureter (Figure 30A)
At exploratory laparotomy elsewhere the tumor was
judged to be moperible A bropsy resealed 2 “neuro
blastoma” The patient was referred here for x ray treat
ment Following two courses of mtrogen mustard therapy
judged to be meffective the patient was agam ewplored
(Drs R Keffer and G Morrow) and by resecting por
tions of the nght hypogastric artery and night common
iliac vein 1t was possible to remove the tumor apparently
intact Figure 29 A shows the operatine specimen and Fig
ure 29 B a section from 1t Postoperatne convalescence
s quite uneventful and within two weeks x ry therapy
was begun The pretreatment factors were 250 KVP
13 MZ Scu 1l 50 STD 17 hvl caleulated to delner
3000 y D Durnng, 1 penod of approumately two months
the child recened 49 treatments equally dnaded between
two ports This resulted 1n a final tumor dose of 2600 r
to the mudplwne of the abdomen Because the hema
topotetic system would not tolerate gher daly doses
than 50 to 75 r per d1y per one field = shorter course with
Tirger duly doses s sugeested by Wattenborg * * was out
of the question

At this wnting, over six months smee operation the
child 1s Ining and well Intravenous pyelograms reseal
tood hidnev function nght and left with onlv sheht
cahiectasis and pyelectasis (Figure 30 B) The course of

both uretcrs 1s strught  Bone and chest films reveal no
metistases

Ganghoneuroma  As stated at the beginning of thrs
chapter Stout ™ divides ganglioneuromas mto two
wroups (1) those that are well differentinted and usually

bemgn and (2) those that are incompletels differentiated
and rather oftcn malignant
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Bemgn Ganglioncuroma

Inadence VeFarlind and Sappington ® 1n a review
of the literiture m 1935 found records of 143 cases
Qceurrmg more commonly i females than males over
one half have been reported mn patients under 20 yeus
of ige Hoy ever they may occur 4t any age Frequently
they are an incidental autopsy finding  Located most
frequently 1n the posterior mediastinum they alsa occur
i the paavertebral sympithetic gangha nd m the
adrenal medullh - Over 80 per cent of Al ginglioneuromas
are bemgn

Gross and Microscopic Appearance Bemign ganglo
neuromas are round to oval m shape grayish white on
cross section furly well encapsulated and although 1t
trmes they rench huge dimensions do not mvade locally
or metastasize  Derncd from mature sympathetic nerve
cells these tumors are composed of mature ganghon cells
mtermived with countless nerve fibrls which are twisted
and srregulir i appcarance and without connection with
an end organ / Figare 33)  Charwctensticilly the ganghon
cells are large round to oval m shape and contan one
or two round nucler with promment nucleol  Cvtoplismic
processes myy be prommnent nd at times the nenve
sheths my show mucroevstic changes

Svmptoms Benign gaghoncuroms e wsinlly silont
but may gne rise to signs md symptoms 15 1 result of
thar interference with locil functions by maans of the
pressure cuised by the expmding growth

Trewtment Surgted exasion if necessny

Malignant Ganghoneuromn

Stout * ? reports thit hout ond’fourth of Wl ginglo
nouromas e mcompletedy differentiated These he dr
wided mto two groups “In onc the anghon cclis of the
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Figure 33 Photomicrograph (x200) of 1 bemgn ganghoneuroma
n this mstance an madental autopsy finding  (See text for deserip

tion of histology )

A

K
,L%

b,
”%
7

R
(PIL
7N

cntire tumor show 1 muxture of cells varymg from un
differentinted sympithicoblasts up to fully or mcompletely
dilfcrentrated ganglhioneuroma while another contiguous
portion will be 1 charactenstic svmpathicoblastoma  Of
this type 63 per cent produce metastases ™

Remoral of the tumor 1s the treatment provided there
15 no clmieal evidence of metastases  Rarsner * states
There 1s no proof that irradintion 1s curatine




VI

SURGICAL TRCATMENT OF ADRENAL
TUMORS
(Excluding Cushang’s Syndiome)

SURGICAL ROUTLS

Siner Gonvon Horves 7 first successfully removed an
adrennl corticil tumor in 1924 and Charles Mayo
1927 * removed what proved to be 1 pheochromocy toma
numerous surgieal approaches to the adrenal have been
proposed These include every concenvable route

Thus Cnle ® (1932) denen tting the adrenals “made
the tppronch along the Jumbar back muscles through
vertical mcision  Later he used a modified hidney in
asion  This modified hidney masion rin from behind
forward immediately beneath and to the midportion of
the twelfth nb where 1t turned and was carnied vertically
downward Roster ¢f al ° (1931) advocated an ncision
extending from the tip of the twelfth iib obliquely to the
anterior supertor spine down through the muscle wall
and fascra to the penrenal fat Prior to adrenal explort
tron they opened the 'f)entcneal cwity and explored the
peluis Broster and Vines' (1933) performmng um
latcral adrenal y for female lohermaphroditism
with congenital adrenal hyperplisia employed the trans
thoricic approich  Walters 11! (1934) m dealing with
tumors used a lateral posterior lumbar masion—similar
to that used m approachmg the hidney Calull # (1936)
operating for adrenal cortical tumors recommended n
“oblique 1neiston (begmning) 1t the ensiform and ex

[104]
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tended along the costal flare until adequate exposure was
obtamed—exposure (was) facihtated by use of an ele
vated bridge on the table situated so that the costal flwre
1s opened nd the subcostal area projected forward”
Young ! ¢ (1936) advoctted simultaneous exposure of the
adrenals through postenor verticolateral incisions wnd de
vised a specnl self retuning retractor to ud 1n the pro
cedure Zintel et al? ' (1951) in performing subtotnl (93
per cent”) adrenalectomy for hypertension recommend
exposure of the adrenal “through a lateral subcostal m

ciston with the patient 1n the Jateral decubitus position
and the kudney rest or hidney bar of the operating table
three inches cephalhd to the Jowest pont of the costal
margin” They found 1t unnecessary to rescet the twelfth
nb  Huggins and Bergenstal ® (1931) performing In

Iateral adrenilectomy 1n patients with disserminated ean

cer who relapsed some time after orchicctomy and es

tragen therapy “find that the posterohiteral approach
gnves incomparably the best exposure —An meision 20 to
23 em long 1s made 1n the lom over the 12th nib which
1s resected  the fascin of Gerota 1s meised ™ Earlier Hug

gins nd Scott © (1243) used 2 similar ineision wathout
ub rescction Cnimson % (1951) has most recently advo

cated A transthoriere and transdiaphragmatic approach
which “permits palpition of the abdominal content
through an meision m the left diaphragm ™

That the exposure and removal of 1 localized adrenal
tumor at times 1s difficult 1s not demed no_mntter what
the surgical approach  In our expenience no one approach
15 suitable for dealing with all types of adrenal pathology
Though some will disagree the following suggestions
based on our experience nre offered

Pheochromocytoma

Once the diagnosis of a pheochromocytoma has heen
mde on chneal grounds it 1s established on finding a
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tumor at exploration Treatment 1s clewrly surgienl removal
of the tumor Tw o mmport t considerntions are 1) which
approtch to use 1nd 2) how to manage the patient dur
mg nd after operation

Becuse 1t has been amply demonstrated that pheo
chromocytoms may anse n both‘adrenals outside the
adrenal m 1ts immediate viemty ind along the/orta and
sympthetic chun Ml thesc regions must be explored We
beheve that this 1s bestvaccomplished through a trans
verse upper abdomimnal meision which transects both reet:
The procedure 1s best cuned out under general “inesthesit
using ether/admimstered through m cndétrachenl tube

Customanly we expose the left/adrenal first mobiliz
mg the spleen’/medially and the hidney nferiorhy  Tour
broad Deaver retractors whose blades are protected with
Mikulicz pads serve admirably 1n exposing the posterior
peritoneum 1bove the 11dney and antertor to the adrenal
After mcising the penitonenm  the tumor or adrenal which
may hayve been palpible on approtclung this atea usually
presents 1tself The blood supply cm(lgnt be defined for
tumor s 1t can for the myonty of normal drenals Pre
himunary to remoyval of 2 tumor whether 1t 15 1 put of or
distinct from the left adrenil the ght ‘adrenal ireq 1s
explored retracting the Inerfupward the intestines 4me
dially the hidney downward wnd the Iateril belly wall
outward 1gam with four brond Dewer retractors

If only one tumor 1s found and 1t 1s 1n such close assocta
tion with one adrenal 1s to make 1t impossible or unwise
to remove only the tumor both the tumor and the adienal
are removed provided the opposite adienal 1s grossly
normal If both drenals are imvolved partial resection
of the adhercnt normal glnd may have to be done 1l
though m such cases the 1sks of recurrence of tumor and

adrenal msufficiency re great
Subsequent to exploration of both adrenal areas the
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entire’abdomen should be explored generally beginning
in the region of the penaortic sympathetic ganghonic
chain Furthermore 1t 1s import it to recll that tumors
have been reported to have oceurred m the thérax and
néck  Consequently 1t 15 wise to checkAll patients post
operatnely with pharmacologic/tests to determune 1f all
tumors hve been remorved

Adrenal Cortical Tumors

Whereas we agree with Priestley et al ™ that if Cush
ngs_syndrome 15 secondary to an adrenal cortical tumor
the contralateral glind frequently appears atrophic we
have never/observed atrophy of the adrenal on the side
opposite to a cortical tumor which had resulted n yinlhiza
hion_or_femumization  Cousequently 1n the latter group
we see little need of explormg’hoth sides if the tumor has
been locahized preoperatiely The sclection of the sur
gieal route will depend largely on which approach we fecl
will gine us best exposure whether it 15 transthoracie
transperitoneal or lumbar We he used them all A good
Mustration of how one must modify the approach to suit
the particular ense 15 that of a 4% vear old bov with un
complicated adrenogemt il syndrome treated m The Johns
Hophins Hospital in 1948 and agun 1n 1949 the details of
which are published "7 Preoperatine prvelogrms demon
strited 1 very lrge edlofied mass m the region of the
night lobe of the liver which had chused hittle 1f any dis
tortion of the nght Mdney (Figure 34) Transpentoneal
exploration of this mass by one of us (WW § ) revealed
that 1t was entirely embedded in the night lobe of the
Iner and that f the tumor were to be removed i ats en
tirety one would have to resect the major share of this
portion of the liver The operttion was terminited with
out attempting this  Howerer one verr liter Dr Rautch
md one of us operated again through 1 transserse nght



108 Slirgcry of the Adrenal Glands

Figure o4 Plam film of abdomen showing caleified area mn nght

lobe of hver m a young hoy with uncomplicated adrenogenital

syndrome At operation tlis proved to be a cilefied adrenal

cortical adenoma embedded m the night lobe of the Iver the major

portion of which had to be excised 1 order to remove the tumor
Patient ahive £nd well three vers later
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upper quadrant incision so modified however as to permut
exaision of several costal cartilages This exposure per
mitted excision of the major portion of the nght lobe of
the lner and the entire tumor (Figure 33)  Admuttedly
this would have been very difficult or impossible through
amy other type of meision

HORMONAL MANAGEMENT AT OPERATION

We agree wholeheartedly with hepler ind Locke *
that the management of cases of functionmg adrenal tu
mors 15 best 1ccomplished by close cooperation between
the surgeon and the mtermist  Prior to operation 2ll fore

Figure 35 Major portion of nght lobe of her contawung an en

capsulated ealeified adrenal cortical adenoma which was assoctated

with the adrenogenital syndrome m a young boy 17 (Refer to
Frgure 34 )
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seeble problems in management are discussed plins
agreed upon and preparations made to earry out these
plans

Pheochromocytomn

Some diffcrence of opmion ¢asts 1s to what constttutes
optimum hormonal therapy in conjunction with the re
moval of a pheochromocytoma This revoles around con
siderations of medullary function few advocating cortical
replacement therapy

It has been the expenience at The Johns Hophins Hos
pital @ that frequently following removal of 2 pheochro
mocytoma the blood pressure falls precipitously and the
patient 1s 1n 2 state of shoch  In recent vears this has been
successfully combntted m every mstance by 1 contmuous
mtrwenous nfusion of § per cent glucose contruning 15
mg of epmephrme per 100 cc  regulating the rate of flow
according to the level of the blood pressure  Nothing has
been done to counteract the upward swings i pressure
mecrdent to mampulation of the tumor prior to remoyval

Recently Grnimson ¢t al** have reported their expert
ences m five cases of pheochromoceytoma i which n epr
nephrine competitor regitine® has been mjected just
before operation and ses eral trmes pror to actual remorval
of the tumor 1n n effort to lower sustuned hypertension
caused by the tumor or to prevent parovysms madent
to manpulation  In the first patient deseribed i an
earher report *’ regitne ® effectively prevented paroxysms
and postoperatine collapse In three of the remaming
four nithough blood pressure wis lowered by regitime®
prior to removal of the tumor immediately thereafter 1t
was necessary to combat hypotension with pitressm or
methedrine @

Howard s % pln]osoph) 1s 1gamnst the use of compety

tors during operation He feels that 1f shock should occur
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following removal of the tumor one would be scrioush
mpeded 1n handling the shock by having the patient
full of competitor Furthermore he beheves that most
competttars so far developed h1ve central nenvous svstem
stimulating effects which m1 confuse the climeal picture

Perhaps the two views can be reconciled and permit
one to carry a patient through the entire operation with
neither upward nor downward swings 1n pressure by the
use of regitine® prior to remosal of the tumor and an
nfusion of dilute epinephtine immedately thereafter To
our knowledge this has not been tried wnd should first
be tried in the antmal Certanly long acting competitors
such as diben imme should not be used nor 1nv compett
tor which cannot be counteracted with epmephrine

Adrenal Cortical Tumors

Short of subtotal or total bilateral adrentlectomn
rarely 1f ever indicated m cases of tumor hittle 1n the way
of special therapy 1s necded prior to the day of operation
If at exploration 1t appears probable that in order to cffect
1 cure drastic reduction 1n the amount of apparenth
norm1l adrenal tissue must be accomplished the oper:
tion can be termmated and proper premedicttion instt
tuted severil days before the second stage

We have already discussed hormonal therapy 1n con
junction with the surgical removal of 1 cortical tumor
causmg Cushings syndrome Never humng obsened
atrophy of the contralateral adrenal in cases of adreno
gemita] syndrome secondan to tumor we have not had to
use anv cortisone 1n the postoperatne management of
these cses Whereas adrenal cortical extract and DCA
were used i a few instances we question there salue Per
haps with the ready nailabilits of cortisone nd because
of its Tow tovieits we should resort to using it routinely
mn all tumor cases
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seeable problems mm management are discussed plans
agreed upon and preparations made to carry out these
plans

Pheochromocy tomn

Some diffcience of opinion exists 1s to what constitutes
optimum hormonal therapy 1n conjunction with the re
moval of 1 pheochromocytoma Tlus revoles tround con
siderations of medullary function few adsocating cortienl
replacement therapy

It has been the experience at The Johns Hophims Hos
pital © that frequently following removal of 2 pheochro
mocytoma the blood pressure falls precipitously and the
patient 13 1n 1 state of shock  In recent y ears this has been
successfully combatted 1n every mnstance by 1 contmuous
itravenous nfuston of 5 per cent glucose contruning 15
mg of epmephrine per 100 cc  regulating the rate of flow
according to the level of the blood pressure Nothing has
been done to counteract the upward swings in pressurc
mecident to mampulation of the tumor prior to remoyal

Recently Gnmson ct al *° have reported their expen
ences m five cases of pheochromoeytoma m which w ¢pr
nephrine competitor regitme® has been mjected just
before operation 1nd several times prior to actu il removal
of the tumor m 2n effort to lower sustuned hy pertension
caused by the tumor or to prevent paroxysms inctdent
to manmpulation In the first pitient described i an
earlier report *' regitine® cflectively prevented parovysms
and postoperitive collapse In three of the remuning,
tour although blood pressure w1s lowered by regitine®
prior to removal of the tumor mmedttely thereafter it
was necessary to combat hypotensxon with pitressin or
methedrne ®

Howard s ® philosophy 15 agamst the use of compett
tors durmg operation He feels that 1f shock should occur
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sve survey made in 1950 1t was demonstrated conclu
swvely that patients with prostatic cancer who respond
favorably to castrition and/or estrogen therapy Iive more
comfortably and longer than patients not treated by these
methods

1t 15 equally clear that some patients fail to respond to
thesc, forms of treatment and almost all 1f not all eventu
ally relapse  Much work has been done n 1 effort to
fearn why Much of this has impheated the adrenal

Targelv becwse of the behef that improvement fol
lowing castrition or estrogen admmistration was attnibu
tible to androgen removal or androgen neutrilization
1t was postulated that n those cases which failed to hne
1 favorable response or 1n cases that relipsed the adrenals
were icting 15 M extragonadal source of androgen # With
this working hy pothesis Huggins 1nd Scott ¢ m 1945 per
formed the first totl bilateral adrenalectomies m four
cases of dissemmated prostatic cancer ll previously hay
ing rcdapsed after remissions induced by castration cstro
gen therapy  Managed without cortisone survinal times
were 13 11 and 116 davs  Obsiously no conclusious
could be driwn m those surviving only 1 few dys but
m the ndividunl who survived 116 days 1t appered as »f
the prostatic encer progressed although app wently «t
1retwded rate  Tollowing remon 1l of the second adrenal
m the mdinaduil sunvnvng the longest urmany 17 Leto
steronds fedl to veny low levels and uninany androgens s
me wurcd by the comb growth technic were absent How
ever there was 1 continued excretion of small amounts of
estropen These hormonal studies coupled with il of
chmed iprovement suggested tht some prostatic can
cors were “androgen independent

Becwse of the great difficulty i oy erconmmn adrena)
wsafliciencs with the sterods then 1 ulable amt.:l 2]
Tateral wdrenalectomy for widespread prostatic cancer was
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BILATCRAL ADRENALECTOMY IN THE
TREATMENT OF DISSEMINATED CANCER
OF THE PROSTATE AND BREAST

INTRODUCTION

Ir 1s pEvOND the scope of thus monograph to review the
wealth of evidence which suggests that dissemmated
cancer of the prostite and breast may be influenced f1
vorably by endocrine measures Twithermore 1t this
wniting msufficient time has elapsed to pernut n 1ccurate
evalution of the measure ~ total bilateral adren dectomy
—which concerns us here However because the endo
crine approach appears to be the most profitrble one at
present a few pages will be devoted to a discussion of
this approach to these two cancers

DISSEMINATED PROSTATIC CANCER

In 1941 Huggms and lus associates published thice
papers under the general hewding Studies on Prostatic
Cancer® ® * wiich dealt primnly with the effects of
castrition and estrogen admunistrition in metistatic
cucer This work demonstrited that i the majonty of
mstances these endocrine mampulations resulted m sub
jectne and objective mprovement  Confirmation by
others followed shortly and continues Thus m an exten

fuz]
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mascell ineous mlignnt tumors which had metnstasized
In the senes of seven patients with prostatic cneer
studied by Huggins 1nd Bergenstal© there was one post
operative death and thev judged that three of the te
mummng six had 1 chimeal remission of the disease of
considerable magmtude  One patient died of acute pul
monary edemr 49 d1vs after adrennlectomy The reman
g four had been observed for periods of 4% to nine
months at the time of their report Quoting them agun

SUBSTITUTION THERAIY FOR TOTAL ADRENALECTOMY

0 Minus 1 Dy

Cortisone acctate 50m, 6am 12noon

6pm 12 mudmgtt
6 am

Desotycarticosterone acttate Smg
Sodum chlonde S5gm 6 pm
0 Day (Day of Operation)

Cortisone acctate 150 mg 7 am
Desoxycorticosteronc acetate Smg 7 am
Opt ration 8 am
Cortisone acctate 50mg Ciery 4 hr

0 Plus 1 Dn
Carti one acetate S0 mg Every 6 hr
Desoxy corticosterone acetate Smg 1 mjection
Sodu m chlonde 3gm by mouth

0 Plus 2 Dys
Cortisone acetate 50 mg Every 12 hr
Desovycorticosterone acctate 03mg As ficeded
Sodmm <hlnde 3gm

Stlsequent Days
The dosase of sterads 15 gradually red ced until tl e sustain
my, dos of cortisonc acetate (-5 to 50 mg dady) s reached
abo t on  vedh after the operition  desovycorticosterone
acetite 15 n ¢ requar d for muntennee therapy

Sub tatutsn 1 rapy folln mg tilateral mlr wilectomy  (Courtesy
fr (‘h.ul s Hoggmns nd Dr D M OB rgenta) )

on et and d mnmnmst ron acet te wer
i t ml mm ghaut by antramuscular mjecticn and the sods im chlon le

t Five hundr-d cutic centim ters of 097 sodium hhnde and 500
+ fyl muare mycted nitry 0o by d nag operation and 10y of
nr pm phone per ¢ Tic  atim ter as mcted A hen sustchie Hood
pr Tall T low 100 mm
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not agun performed untid ewly m 1951 % In the previous
year Harmson Thorn and Crsatiedlo * studving the
effect of total bilateral 1drenalcctomy in malignant hyper
tension and chronie nephntis had demonstrated that with
pudicious use of flwds salt cortssone 1nd desoxyeortico
sterone “cetate 1t was possible to overcome adrentd 1
sufficseney ind muntun hfc At the time of thar report
(May 1951) minc of 15 patients were aline and seven of
these were judged improved both subjectnely nd objee
tnely They attnbuted improvement to the elimmnition
of desoxyvcorticosterone hike factors and regulation of 1ts
admuustration thereafter m such 1 muaner s to woid
excessive retention of sodsum md water on the one hand
1nd relitive hypotension on the other

In June 1951 Hugzins and Bergenstal ® reported on
two patients with widespread prostatic cancer who sur
wved total adrentlectomy for five nd six months and
who werc n a stite of chimcal 1emission at that ime The
successful substitution therpy which they devised 1s re
produced m Frgure 36

Sumualated by this work severd different medicl
groups began studics of the effcct of tota] adrennlectomy
not only on prostatic cincer but on other mabgnant tu
mors At the Second National Cancer Conterence March
3 4 and 5 of 1952 we larned of mmy cises some of
which have smce becn reported  In February 1952 Hug
gas wd Bergenstal ¢ reported having performed total
adrentlectomy 10 seven men with dusemmnated pros
tatic cancer wnd in seven women with dvanced breast
cancer By June 19352 Huggms ™ had done 38 consecu
e total rdrenalectomics without an operitne fatility
\fany of these were for met xslafxc breast cancer in women
{vide wfra) In Septcmber 1952 West cf al '+ published
the results of ther study of 22 tot1l adrenalectonues 10

1 prostatic caneer sre in cncer of the breist and sx m



Bilateral Adrenalectomy 17

chertenls and estrogens considerable work has been done
to determme the relition of estrogens to cancer of the
breast Space does not permt more than 1 superfienil re
view of this evidence

In 1916 Lathrop and Loeb® demonstrated that the
madence of breast cancer m mice belonging to struns
of ligh“incident breast cancer fell to_zero 1 the majonty
of stramns where these mice were gophorectomized 1t ge
three to fowr'months Con  showed that tlus reduction
m mcidence vaned directly wath the age of castration —
the earlier the castration the lower the incaidence If cas
tration was dong 1t the age of eight to 10 months the yate
became as high’as 1n the control group However Wooley
and co workers ! # showed that when female mice pf high
cancer strums were castrated xmmc}lnldL after birth the
meidence of breast tumors was grcater than m mice c1s
trated 2t matunty This phenomenon was thought,to be
due to the production of estrogen by the adrenal’corter

In 1932 L * ded 1n prod mam
mary cancer in males of c'mce?rcc strams v the injec
jection of large amounts of estrdgemc substances Subse
quently he reported induction of mammary cincer i hoth
high and low madent strams but with much greater
difficulty 1n the Jatter * Others have confirmed this work
and have extended 1t to show that the earcmogenic effect
of estrogens could be counterncted by androgens Notable
among these workers are Raynaud and Lacassagne

Murlin wnd his assocrates ® and Nathanson and Ader
ont '

In humwn breast cweer this punciple of wtilizme
androgens to neutrihize the effects of estrogens was voiced
simultancouslv m 1939 by Loeser* and Iy Ulneh 132
These wthors deseribed favorable changes m patients
with advanced breast ¢ weer follow ing the admimistration
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Perhaps the most stnling observation hias been the 1m
medinte and persistent rehief of crippling pun 1 the
bones

The most recent results m the series of 10 patents
adrenalectnmtzed for prostatic cancer and reported by
West and hus wsocintes ' are n an addendnm to thew
paper Three died in the immeduate postoperitne period
one from cerebral hemorrhage (two duys) one from
caremomatosis (11 days) mnd one from myocarditl m
farction (21 days)  Siv of the remamung seven died within
33 to 294 days fter adrentlectoms two from adrenal in
sufficiency and four from cancer The remammg patient
was Inmg at the wnting of the addendum tus 159th post
operitinve d1y  According to the wthors  All seven pa
tients had tomporuy subjectnne umprovement sarying
from 14 to 210 days averaging 82 days Only two out of
the seven had objectine mmprosement lasting 90 te 133
dws  Quoting further  The most striking beneficinl re
sponse to adrenilectomy ws rehef of ‘pam

Our oy n experience s sumilr (unpublished )

Needless to say the ments of endocrine management
will be deaded not on v theoretical basis but on ats
practicd] value The behef tht these procedures are effec
tive though not curatne dnves us to study the possible
mechansms mohed in the hope that further advances
can be made Those mterested 1n 2 discussion of possible
nachmisms re referred to 2 rither lengthy account by
one of us* '

PISSEMINATED BREAST CANCER

Largely as the result of the association of breast growth
and deselopment with ovirnan activity and the demon
stration of 2 relationship between certam cwemogenic
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chemicals and estrogens considerable work has been done
to determme the relation of estrogens to cancer of the
breast Space does not permit more than a superfienl re
view of this evidence

In 1916 Lathrop and Loeb ® demonstrated that the
maidence of breast cancer m mice belonging to struns
of high“incident breast cancer fell to zero in the majority
of struns where these mice were pophorectommzed it nge
three to four/months Cori  showed that this reduction
n neidence vaned directly with the age of castration —
the earlier the castration the lower the meaidence If eas
tration was don; at the age of eight to 10 months the yate
became 1s high‘as in the control group However Wooley
and co workers ! 2 showed that when female mice /J( lugh
cancer struns were castrated immeghitely fter birth the
madence of breast tumors was greater than m mice eas
trated 1t matunity This phenomenon was lho\lght/to be
due to the production of estrogen by the adrenal“cortex

In 1932 Lacassagne® succeeded m producing mam
mary cancer 1 males of cmce?rcc strams by the njec
jection of large amounts of estrdgenmie substances  Subse
quently he reported mnduction of mammary eancer n both
Iigh nd low meident strains but with much greater
difficulty 1n the Iatter ** Others have confirmed this work
and have extended it to show that the carcmogenic effect
of estrogens could be cowiteractcd by androgens  Notable
among these workers are Ravnaud and Lacassagne M
Murhn 2nd is associntes® and Nathanson and Ader
sont '

In human breast cancer this principle of utihzing
androgcns to neutrhize the effects of estrogens was voieed
simultaneously 1n 1939 by Loeser* and by Ulnch 2
These authors descnbed fuorable ch mges i patients
with adyvanced breast cancer following the admimistration
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Perhaps the most strthing, observation has been the 1m
mediate and persistent rehef of enppling pun m the
bones

The most recent results m the senies of 10 patients
drenalectonnzed for prostatic cancer and reported by
West and Ius assactates * wre m an 1ddendum to ther
paper Thrce died m the ymmudiate postoperatrve pertod
one from cerchral hemorrhage {two days) one from
carcmomatosis (11 diys) and one from myocardial m
farction (21 duys) Six of the remamng seven dred withm
33 to 294 dnys nfter adrenalectomy two from adrenal m
sufficiency and four from cancer The remammg pitent
was Inmng at the wnting of the addendum his 159th post
operative <1y Accordmg to the authors  All seven pa
tients hid tcmporary subjectine mmprovement varymng
from 14 to 210 dys averaging 82 days Only two out of
the seven had objectne improvement lasting 90 to 133
days  Quoting furthcr  The most strihung, beneficral re
sponse to drenalectomy ws relef of pamn

Our own expenence 1s struly (unpubhshed)

Necdless to sw the ments of endoerine mamgement
will be deaided not on wy theorctical bass but on its
practical value The bedief that these procedures are effec
tive though not curative drtves us to study the possible
mechinisms myolved in the hope thit further dvinces
cnn be mide Those mterested m a discussion of possible
mechamsms are referred to a rather lengthy account by
one of us '

DISSEMINATED BREAST CANCER

Largely 1s the result of the assoct ition of brest grow th
and development with ovann 1ctiaty and the demon
straton of a relationship between certun circinogenic
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presented elsewhere and will not be considered here
Huggms later report with Dao ® follows the seven pa
tients ongmnlly reported for 1 longer time and hence 1s
more informative  One more case 1s added  Of the eight
one died 48 hours after operation  Of the remumng seven
two had no response to therpy and died 2t 34 dws and
six months respectively Frie were ving for penods of
seven to 11 months and four of these were judged to
hue had a satisfactory response

The results of West et al ' are smulir  Of the five
cases with breast cancer three are now dead All three
died from their neoplastic disease The post operative sur
wnval in these cuses vared from 119 to 170 dhys nerag
ing 137 days Two cases re stll alive 169 nd 175 days
postoperatively  Both of these cases hid subjective and
objectise improyement for approumately 120 dvys Both
patients showed objectine mmprovement  All five patients
showed subjective mmprovement lasting from 14 to 120
dus averaging 67 days

The search goes on
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of testosterone propionate This therapeutic method was
applied extensnvelv after the publication of Adur and
Herrmann

In 1944 Bmme! 1n an effort to make ndvanced breast
cancer m the female more radiosensitive noted regression
of the tumor m a patient by the use of estrogen alone
(diethylstilbestrol) Haddow et al ! subsequently noted
favorable changes m 16 of 40 patients treated with estio
gen alone Two veurs Iater Nathanson ™ reported deft
nitely fuvorable to evcellent results m 28 of 54 women
with advanced cancer of the brest treted with relatively
Inrge doses of estrogen

Since the publictions of Adawr and Herrmann  and
Nathanson ° Literally thousands of women with noper
able breast cancers have been treated with either indro
gens or estrogens  Generilly speahing androgens huve
been more effectne mn the prefmenopausal woman and
have had 1 gieita effect on skéletal lesions Improve
ment followmg estrogen usuilly gnen after the meno
prusc has consx?ul primanly of fh.mges m the locil
lesion and m hniph nede wnd pulihonry metistses

On the basis of experimental daty m amimals 1t 1s difh
cult to reconcile the apparenth paradovicenl effects of
estrogen m human breast cancer Theoretically androgen
should work better thin estrogen  Differences n response
may be relited to mam fictors winch melude the age of
the patient the size of the dose of hormone gnen the
state of other endocrine glands and the phise of the
cancer , Huggins ®* states  Both methods of treitment
are enipirical

Recogmzmg that other fictors mw be mvolved s
stated above Huggins wd Bergenstil® carried out n
Interal adrenalectomy 1 seven women with advanced
breast cancer The theoretical considerations forming the
basts for this tvpe of therapy as developed by them e
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