


Monographs on
Surgery ¢ 1952






MONOGRAPHS ON
SURGERY ¢ 1952

8. NOLAND CARTER, M.D., Ph.D.
Editor

Professor of Surgery, University of Cincinnati
Director of the Surgical Sertices,
Cincinnati General Hospital

ADVISORY EDITORS

GYNECOLOGY
Joe V. MEscs, M.D.
Clinical Professor of
Gynecology, Harvard
University Medical School;

Chicf of the Vincent *
Memorial Hospital

UROLOGY

Crarues Hucerxs, M.D.

Professor of Urology,

the Unicessity of Chicago;
Chairman of Committee on
Cancer, the Unitersity

of Chicago

ORTHOPEDIC SURGERY

Arrrep R. Suaxps, M.D.

Medical Director, Alfred 1.
duPont Institute of the
Nemours Foundation

THE WILLIAMS AND WILKINS COMPANY - BALTIMORE



Copynight, 1952
THE WILLIAMS AND WILKINS COMPANY

FRINTED IN THE UNITED STATES OF AMERICA



Introduction

115 15 the third volume of Moxocrarus ox Surcrry which has been offered to .
Tﬂlc surgical profession. These volumes have replaced the previously published
Nelson's Loose Leaf Surgery.

The manner in which these volumes las been reccived leaves little doubt
that the change of policy, from the publication of a system of surgery with
annual supplements to that of a yearly volume containing chapters on pertinent
and proved surgical subjects, has been a happy one. Among other advantages,
it would appear that the addition to the surgeon’s library of these yearly volumes
should result in the eventual acquisition of a valuable set of reference books on
surgical subjects, both important and timely.

Radical surgery of the pancreaticoduodenal region was revived by Whipple
and his associates seven years ago, and has been practiced widely since that time.
It therefore seemed of interest to present here an evaluation of this type of
surgery. From his rich background of experience, Doctor Whipple has outlined
his ideas concerning the proper place for this method of treatment.

The management of injuries of the thorax is assuming a more important place
in surgery, owing not only to the military situation but also to the large number
ot industrial and automobile accidents occurring in civilian life. Doctor Brian
Blades has had an unusual opportunity to observe a tremendous number of such
injuries, and has written a concise and practical chapter on this subject.

Considerable discussion has been carried on in recent years concerning the
use of radioactive iodine in the treatment of thyroid disease. On one hand, the
use of this material has heen strongly advocated, hoth for treatment and diag-
nosis; while on the other, it has been condemned. Doctor George Curtis, a
pioneer in this field, has presented, clearly and simply, his evaluation of the
proper use of radioactive iodine, in the management of diseases of the thyroid.

One of the most distressing conditions with which gynecologists have to deal
is that of stress urinary incontinence. The group of six articles on this subject by
Doctors Muellner, Kennedy, Frost, Aldridge, Kegel, and Ingleman—Sundberg
represents the best opinions in the field on this subject. As Doctor Meigs has
stated in his introduction to that section, these articles should do much toward
claritying the best approach to this difficult problem.

The orthopedic section, under the editorship of Doctor Alfred Shands, main-
tains the high standard attained in the previous volumes, Doctor Coaper’s ,article
“Asel?tic Necrosis of the Femoral Head in Adults,” deals with a condition of
growing importance. His article is comprehensive but conci

: 1 ox se. Doctor Knight
has written an excellent treatise on ‘Arthroplasty,” in which he discusses in
v



vi INTRODUCTION

detail the types of operative procedures and their relative values. The third
article in the orthopedic section, by Doctors Schottstaedt, Larsen and Bost, is a
timely one and deals with intracapsular fractures of the femoral neck. The man-
‘agement of this difficult type of fracture is carefully detailed, and many pertinent
technical points are stressed. The authors have made a valuable contribution
to the subject under discussion. The internal fixation of fractures of the shaft of
long bone has come into vogue within the past eight or ten years, and this method
of treatment may now be discussed authoritatively. Doctor Eggers has handled
this subject in excellent fashion, and his monograph should be read with much
interest by all those concerned with methods of managing various types of
fractures.

The section on urology contains two articles dealing with conditions which
are of interest to the general surgeon, as well as to urologists. Doctor Whitmore
has written interestingly and well on the subject of renal neoplasms. An excellent
classification of tumors of the kidney is given, the pathological aspects of the
tumors are reviewed, and present-day methods of diagnosis and treatment are
outlined. Doctor Hinman’s scholarly presentation, “Congenital Ureteral and
Pelvic Dilatation as Evidence of Obstruction,” should prove both interesting and
instructive.

The surgery of the large arteries has been undergoing considerable change in
recent years. The visualization of blood vessels by injection of contrast media,
the improved methods of arterial suture, the use of vein transplants and the
ability to use shunting procedures have all contributed to this change. The sub-
ject is such a large one that Doctor Freeman considered it practical to treat it in
two parts. His contribution to the present volume deals with general principles
based on a historical background and, in addition, with arteriography and other
newer developments in the field of vascular surgery. In the mnext volume of
Moxocrarns oN SurcEry, Doctor Freeman will complete his discussion of this
important topic.

The editor takes this opportunity to express his thanks to the associate editors,
Doctors Meigs, Shands, and Huggins, for their interest and co-operation and for
obtaining such excellent articles from outstanding members of their various
specialties. His thanks also go to the authors of the various manographs which
comprise this volume, and to the publishers for their willingness to contribute so
generously to its success.

B. Noraxp Carter, M. D.
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The Radical Surgery of
Pancreaticoduodenal Cancer
ALLEN O. WHIPPLE, M.D.

INTRODUCTION

vERy OPERATION for the radical removal of cancer, in its different anatomic
Esites, has undergone various modifications, by trial and error, before it has
proved its worth and before the late favorable results have warranted its accept-
ance by the surgical profession. In recent years, factors such as improved methods
of general, local, spinal, and intravenous anestbesia, the adequate supply and
intelligent use of blood for transfusion before, during, and after operation, the
better understanding of the importance of maintaining fluid and electrolyte
balance, and the diseriminating use of the antibiotics and chemotherapeutic
agents have made radical surgical procedures possible that 20 or 30 years ago
were not thought of or were considered prohibitively hazardous.

Intratracheal anesthesia and antibiotic therapy have made possible pneu-
monectomy and esophagectomy for cancer. Transfusion and the antibiotics have
increased the safety and feasibility of such procedures as pelvic exenteration and
hemipelvectomy. The proper use of preoperative and postoperative antibiotics
has largly removed the hazard of peritonitis following colonic and rectal surgery.
Furthermore, these adjuvants to surgery have made possible one stage procedures
that tormerly were considered mandatory two stage operations,

But it must also be said that improvements in technic, the better understand-
ing of minimal trauma, complete hemostasis, which was so ably taught by
Halsted and which has become more generally known by the term “fine silk
technic,” have been tremendous factors in increasing the feasibility of much of
the radical surgery of today and have reduced the hazard of necessarily prolonged
procedures. -

This evolution of a radical operation for cancer is well illustrated in the attack
on the growths oceurring in the ampullary area, the duod , and the pancreas
which has developed since 1935, when the renewed attempts began to be re-
ported (Whipple, Parsons, and Mullins). The above mentioned ancillary factors,
together with the many modifications since reported, have established the radical
surgery for these tumors.

V;{:—e :;r:;t:;:ieggmgéﬁtnhg tSe lé)\ver end of the common duct, the papilla of
S 5 e duodenum, may be spoken of as the pancreatico-
duodenal area, and the cancers involving these structures as pancreaticoduodenal

cancers. These cancers have much in common in the insidious onset of their
symptoms. These are usually confused with di

disorders and are generally treated conservativ
1

gestive disturbances and biliary
ely and symptomatically for in-
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definite periods. Because of the delayed diagnosis, these carcinomas have in the

past been explored late or i 1 at autopsy, giving the internists first to be
consulted, and the medical profession at large, a pessimistic attitude regarding
them.

In recent years, it has been demonstrated that the structures in the pancreatico-
duodenal area can be removed en bloc and that cancers of any one of these
structures can be dealt with by the same radical procedure of pancreaticoduo-
denectomy. However, the success of this procedure in removing the cancer while
still localized to any one of the structures in the pancreaticoduodenal area de-
pends entirely on early diagnosis—a diagnosis which must be promptly made by
the clinician first studying the patient.

It is now 16 years sincc a renewed surgical attack was made in excising a
carcinoma of the papilla of Vater, by removing the lower end of the common
duct, a portion of the head of the pancreas, and a sleeve of the duodenum, includ-
ing the papilla (Whipple, Parsons, and Mullins). A year later, the writer removed
the entire duodenum as well as the lower end of the common duct and the head
of the pancreas for a carcinoma of the papilla of Vater, This, as well as the first
case, was done in two stages. Since then, many modifications of the two and one
stage radical pancreaticoduodenectomies have been reported and several hundred
of these various procedures have been done, many of them reported in fairly
large series from several of the best American surgical clinics. It is therefore now
possible to evaluate the results of the radical procedures for cancer of the several
structures in the pancreaticoduodenal area, and to determine certain of the
surgical principles which are common to the several modifications and which
should be followed to accomplish the best results.

But first it is advisable to review the history of this type of surgery as a back-
ground, and to explain the evolution of the present-day radical procedures dealing
with these cancers.

The earlier attempts to excise locally a carcinoma of the papilla of Vater were
unsuccessful, both in the immediate and the late results, as shown in a review
by Hunt. In this he pointed out that in 109 such operations, there were 34 post-
operative deaths (31.1 per cent), and that 12 patients, or 14 per cent, survived
the operation and were living for periods of three to 22 years—one such case.
These earlier attempts to remove the tumor locally were largely the result of the
belief, then prevalent, that the duodenum was essential to life and could not be
excised. The first of these local excisions was carried cut by William S. Halsted
on a 60 year old woman, in February, 1898. His description states: “To give the
growth a wide margin, a large piece of the duodenum was excised—a wedge-
shaped piece with the apex at the mesenteric border of the intestine. About three
quarters of an inch of the common duct and a shorter piece of the pancreatic
duct were excised. The wound in the duodenum was closed in the usual way
with mattress sutures [of silk?]. This was practically an end-to-end anastomosis
of the duodenum. The common duct and the pancreatic duct were transplanted
into the duodenum along the line of suture.” This patient lived for six months
but then developed, and died of, a recurrence in the pancreas.

In 1899, Riedel carried out an even less radical local excision through a duo-
denotomy. Rixford in the same year reported a procedure much like Halsted's,
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and in the cofirse of the neat decade, six or more similar procedures were re-
ported by as many different surgeons.

A more radical operation was done in 1898 for the first time by Codivilla. He
did a subtotal remaval of the duodenum, a portion of the head of the pancreas,
completing the operation with a cholecystojejunostomy, a gastrojejunostomy, and
a jejunojejunastomy. This patient survived the operation for a period of 24 days
but the cause of death was not given,

In 1907, Desjardins described a radical operation of the head of the pancreas
and duodenum in a two stage procedure, as carricd out on the human cadaver.
He proposed implanting the stump into the jejunum. In 1908, Sauvé described a
one stage procedure, with several variations, and advised bringing the transected
neck of the pancreas into the laparotomy wound to establish a pancreatic fistula.
These studies were also done on cadavers. In 1909, Coffey and, in 1914, Kehr
proposed resections with implantations of the pancreatic stump into the distal
end of the reseeted duodenum. But from their reports, Desjardins, Sauvé, Coffey,
and Kchr did not perform these procedures on clinical cases, yet their proposals
are indicative of the desire to carry out more radical surgery. Kehr implied in
his comments that many failures would be necessary before the operation would
prove successful. “But the time will come when such a technical triumph will
be achieved.”

The prevalent impression among surgeons during the first two decades of the
present century, that the duodenum and the external secretion of the pancreas
were essential to life, probably prevented those dissatisfied with the results of
local excision of ampullary cancers from carrying out a more radical procedure,
although Kausch, in 1909, Hirschel, in 1914, and Tenani, in 1922, removed
portions of the duodenum, the lower end of the common duct, and a part of the
pancreatic head with reimplantation of the pancreatic stump or the pancreatic
duct into the remains of the duodenum.

In analyzing the results of these earlier attempts at ampullary surgery, one
finds that there were three serious postoperative complications: hemorrhage,
duodenal fistula, and peritonitis, Undoubtedly the chief cause of these complica-
tions was the use of absorbable catgut. In the presence of pancreatic ferments
and duodenal juices, the catgut was rapidly digested, resulting in the complica-
tions mentioned, These operations carried out in the presence of jaundice and
delayed blood clotting favored hemorrhage and shock, not prevented or corrected
by modern intravenous therapy.

) In I\!ay 19.34, t}wj writfer operated on a patient with a history of gradually
increasing paiuless jaundice. A tumor of the papilla of Vater was found and
excised by the transduodenal route, uniting the dilated common duct and
pancreatic duct to the duodenostomy. Catgut was used in this procedure. The
patient developed a duodenal leak with secondary hemorrhage and ;
peritonitis and died 30 hours after the operation, Autopsy showed that the chromi
catgut used lor ligatures and sutures had been digested. lc

During the previous year, we had removed i
using ﬁnge silk in the ogerations. Doctor Mulli:ftﬂf:]l ::;T:;if;(rn:]e:?; P? arged
us to use this silk technic for the next patient coming in with ont, urged
In August 1934, a man with a history of painless j L an ampullary cancer.

painless jaundice and palpable gall-

a diffusing
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definite periods. Because of the delayed diagnosis, these carcinomas have in the
past been explored late or discovered at autopsy, giving the internists first to be
consulted, and the medical profession at large, a pessimistic attitude regarding
them.

In recent years, it has been demonstrated that the structures in the pancreatico-
duodenal area can be removed en bloc and that cancers of any one of these
structures can be dealt with by the same radical procedure of pancreaticoduo-
denectomy. However, the success of this procedure in removing the cancer while
still localized to any one of the structures in the pancreaticoduodenal area de-
pends entirely on early diagnosis—a diagnosis which must be promptly made by
the clinician first studying the patient.

It is now 16 years since a renewed surgical attack was made in excising a
carcinoma of the papilla of Vater, by removing the lower end of the common
duct, a portion of the head of the pancreas, and a sleeve of the duodenum, includ-
ing the papilla {Whipple, Parsons, and Mullins). A year later, the writer removed
the entire duodenum as well as the lower end of the common duct and the head
of the pancreas for a carcinoma of the papilla of Vater. This, as well as the first
case, was done in two stages. Since then, many modifications of the two and one
stage radical pancreaticoduodenectomies have been reported and several hundred
of these various procedures have been done, many of them reported in fairly
large series from several of the best American surgical clinics, It is therefore now
possible to evaluate the results of the radical procedures for cancer of the several
structures in the pancreaticoduadenal area, and to determine certain of the
surgical principles which are common to the several modifications and which
should be tollowed to accomplish the best results.

But first it is advisable to review the history of this type of surgery as a back-
ground, and to explain the evolution of the present-day radical procedures dealing
with these cancers.

The earlier attempts to excise locally a carcinoma of the papilla of Vater were
unsuccessful, both in the immediate and the late results, as shown in a review
by Hunt. In this he pointed out that in 109 such operations, there were 84 post-
operative deaths (31.1 per cent), and that 12 patients, or 14 per cent, survived
the operation and were living for periods of three to 22 years—one such case.
These earlier attempts to remove the tumor locally were largely the result of the

belief, then prevalent, that the duodenum was essential to life and could not be
excised. The first of these local excisions was carried out by William S. Halsted
on a 60 year old woman, in February, 1898. His description states: “To give the
growth a wide margin, a large piece of the duodenum was excised—a wedge-
shaped piece with the apex at the mesenteric border of the intestine. About three
quarters of an inch of the common duct and a shorter picce of the pancreatic
duct were excised. The wound in the duodenum was closed in the usual way
with mattress sutures [of silk?]. This was practically an end-to-end anastomosis
of the duodenum. The common duct and the pancreatic duct were transplanted
into the duodenum along the line of suture.” This patient lived for six months
but then developed, and died of, a recurrence in the pancreas.

In 1899, Riedel carried out an even less radical local excision through a duo-
denotomy. Rixford in the same year reported a procedure much like Halsted’s,
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During the period of 1935-1945, a number of surgeons reported their modifica-
tions of the two stage pmccdurc, notably Orr, ITunt, Cnopcr,' and Illingworth, In
1937, Nemenyi reported a one stage procedure similar to the technic employed
by Kausch in two stages, but neither of these surgeons did a total duodenectomy.
In 1940, Hunt and Mahoney carried out one stage radical procedures. Brunschwig,
in 1937, was the first to perform successfully a radical pancreaticoduodenectomy
for carcinoma of the head of the pancreas, and since then he has been one of the
most daring and able protagonists of the radical surgery of the pancreas. His
textbook on this subject is very comprehensive.

At the 52nd annual mecting of the Western Surgical Association in 1944, Orr
presented a comprchensive review of the cases of pancreaticoduodencctomy for
carcinoma of the ampullary area, including 9 of his own cases. He gave 50
references in his bibliography. In this paper he discussed the diagnosis at opera-
tion, the justification for the radical procedures, the advisability of anastomosing
the cut end of the pancreas to the jejunum, the choice of the one or two stage
procedure, and the choice of the several technics reported up to that time. At
the same meeting, Cole and Reynolds discussed the radical operation and pre-
sented the technic of a modified one stage procedure with a review of their 5
cases.

Since then, there have been many modifications (Pearse) in the technic of the
two stage and one stage radical procedures, with comprehensive reviews of
fairly large series from a number of leading surgical clinics, notably reports from
the Mayo Clinic by Waugh, from the Lahey Clinic by Cattell, from the Memorial
Hospital by Brunschwig, from the Comell-New York Clinic by Child, and from
the Columbia-Presbyterian Clinic (Frantz). A summary of the 243 cases from
these five clinics is given in Table 1.

TABLE 1
Starary OF RapiCAl PancrEas QreratioNs
Common Islet Total  Beni,
Pancreas Papilla  Duct Duodenum Cell Pan;’y L:a:'oﬁ:
Columbia-Presbyterian 18 22 9 7 2 7 8
66-58 tumor
66-24 =36.8 10/46-10/50 24-2 = 8.3% mortality
Lahey Clinic 42 2 4
90-79 tumor 7 1
79-10 =126 In last 41 cases, 3 deaths =7.8%
Mayo Clinic 27 17
48-10 = 26.8 8 1 !
Memorial Hospital 34 2
44-14 =318 ! 7 4
NYH-Corell 18
24.7 =318 ¢ 4 1

Total Radical: 272 PQ Deaths: 65 (24%)

Fre Year Survivals: 15 (pancreas, 3; papilla, 9; duodenum, 2; islet cell 1)

There have been many more of thes: i
e radical procedures done by i
0 I -
,:menca and :_lbmad \.vhxch have not been reported, and the radi}(,:asl (l;g(::ts' m
is now recognized as justified if the Pancreaticoduodenal tumors are diggno;zg
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bladder was admitted to the service of Doctor William Barclay Parsons. We
decided to do this operation in two stages with a cholecystgastrostomy at the first
stage. Two weeks later, 1 assisted Doctor Parsons in the second stage which con-
sisted of a resection of a seg of the duod with the i of the
ampulla of Vater and a wedge-shaped portion of the head of the pancreas. This
was by an end-to-end duodenorrhaphy and ligation of the resected common duct
and the pancreatic duct, Silk technic was used throughout. Three months later, a
stricture of the duod ired a gastrojej y. The patient did well,
gained weight, was free of ]aundlce ‘and showed normal fat digestion on a
measured fat intake and output test. But nine months after the resection of the
pancreatic head and ampulla, the patient was readmitted with chills, steeple type

recurrent jaundice, and a B. coli septicemia, and died of a B. coli
cholang\hs Autopsy showed the stoma of the cholecystgastrostomy had markedly
contracted, resulting in inadequate bile drainage and an ascending colon bacillus
infection of the biliary tract. The liver did not show fatty infiltration, nor were
there any evidences of residual or recurrent cancer.

Dragstedt, in 1918, and Mann and K a, in 1922, d rated that the
duodenum could be safely removed in experimental animals, and we had shown
that the pancreatic duct could be occluded without compromising the patient’s
nutrition or causing fatty infiltration of the liver. In February 1935, the writer
performed a two stage operation for carcinoma of the ampulla, doing a chole-
rostomy and a gastroje] y in the first stage. After the jaundice
was d, the entire duod , with a large part of the head of the pancreas,
was removed, occluding the lower end of the common duct and the stump of the
resected pancreas. The patient made a good convalescence and remained well
for 20 months, but at the end of 25 months died with evidences of liver metastases.

&
3

During the next five years, we abandoned the chol g as a bile-
shummg procedure using the chol j b of the less frequent
itis. But i of the 1 necessity of a two stage procedure to

relieve 11und|ce and the necessary ligation of the resected common duet at the
second stage, we encountered a serious postoperative complication in a biliary
fistula due to the cutting through of the common duct ligature. Orator maively
reported a case with this complication in 1936 in a two stage procedure. He
stated that in doing a dressing following the second stage, after the patient had
developed a biliary fistula, he removed an ascaris worm from the fistulous tract
“wearing the common duct ligature as a necktie.”

The two stagc P il were often iated with difficulties during the
second stage, 1 of the i dhesions which had developed
in the right upper quadrant after the ﬁrst smge By 1940, the use of vitamin K
to restore the blood clotting mechanism in the presence of obstructive jaundice
had become well established, and the use of blood transfusion to prevent shock
in extensive abdominal operations was well recognized. In March 1940, the writer
performed the first one stage radical operation with removal of thc entire

duodenum and all of the head of the p with a choledock
and occlusion of the d and d ated the ndvantagcs of the
one stage | lure, Trimble of Balti reported a one stage procedure, car-

ried out independently, on a patient several weeks later.
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During the period of 1985-1945, a number of surgeons reported their modifica-
tions of the two stage procedure, notably Orr, Hunt, Cooper, and Illingworth. In
1937, Nemenyi reported a one stage procedure similar to the technic employed
by Kausch in two stages, but neither of these surgeons did a total duodencctomy.
In 1940, Hunt and Mahoney carricd out one stage radical procedures. Brunschwig,
in 1937, was the first to perform successfully a radical pancreaticoduodenectomy
for carcinoma of the head of the pancreas, and since then he has been one of the
most daring and able protagonists of the radical surgery of the pancreas. His
textbook on this subject is very comprehensive.

At the 52nd annual meeting of the Western Surgical Association in 1944, Orr
presented a comprehensive review of the cases of pancreaticoduodenectomy for
carcinoma of the ampullary area, including 9 of his own cases. He gave 50
references in his bibliography. In this paper he discussed the diagnosis at opera-
tion, the justification for the radical procedures, the advisability of anastomosing
the cut end of the pancreas to the jejunum, the choice of the one or two stage
procedure, and the choice of the several technics reported up to that time. At
the same meeting, Cole and Reynolds discussed the radical operation and pre-
sented the technic of a modified one stage procedure with a review of their 5
cases.

Since then, there have been many modifications (Pearse) in the technic of the
two stage and one stage radical procedures, with comprehensive reviews of
fairly large series from a number of leading surgical clinics, notably reports from
the Mayo Clinic by Waugh, from the Lahey Clinic by Cattell, from the Memorial
Hospital by Brunschwig, from the Cornell-New York Clinic by Child, and from
the Columbia-Presbyterian Clinic (Frantz). A summary of the 243 cases from
these five clinics is given in Table 1.

TABLE 1
SunmMARY OF RapicalL PANCREAS OPERATIONS
Common Islet Total  Benign
Pancreas Fapilla  Duct Duodenum Cell  Panery Lc.ﬂ‘:;ls
Columbia-Presbyterian 18 22, 9 7 2 7 8
66-58 tumor
66-24 =363 10/46-10/50 24-2=8.3% mortality
Lahey Clinic 42 26 4
90-79 tumor 7 1
79-10 =126 In last 41 cases, 8 deaths =7.3%
Mayo Clinic 27 17
48-10=26.8 8 ! !
Memorial Hospital 34
44-14= Sl.g 2 ! 7 4
NYH-Comell 13
24.7 =318 8 4 !

‘Total Radical: 272 PO Deaths: 85 (24%)

Five Year Survivals: 15 (pancreas, 3; papilla, 9; duodenum, 2; islet cell, 1)

AThe.re have been many more of these radical procedares done by surgeons in
America and :?bmad \.vhx?h have not been reported, and the radical operation
is now recognized as justified if the pancreaticoduodenal tumors are diagnosed
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bladder was admitted to the service of Doctor William Barday Parsons. We
decided to do this operation in two stages with a cholecysty .mms!mn) at the first
stage. Two weeks fater, I assisted Doctor Pansons in (ho second stage which con-
sisted of a resection of a segment of the duodenum with the carcinoma of the
ampulla of Vater and a wedgeshaped portion of the kead of the pancreas. This
was by an end-to-end doodenorshaphy and ligation of the sisected comman doet
and the pancreatic duct. Silk technic was used thronghout, Three months Later, a
stricture of the duodenum required a gastrojejunostomy, The patient did well,
vamed weight, was free of jaundice, and showed nommal fat digestion on a
measuted fat intake and output test. But nine months after the resection of the
pancreatic head and ampulla, the patient was readmitted with chifls, steeple type
temperature, recurrent jaundice, and a B, coli septicemia, and divd of a B, coli
chalangitis. Autapsy showed the stoma of the cholecysteasteostomy: had markedly
contracted. resulting in inadequate bile drainage and an ascending eolon bacillns
nfection of the biliary tract. The liver did not show fatty infiltration, nor were
there amy evidences of residual or recurrent cancer.

Dragstedt, in 1915, and Mann and Kawamura, in 1922, demonstrated that the
duodenutn could be safely removed in evperimental animals, and we lqd shown
that the pancreatic duct could be occluded without compromising the patient’s
nutrition or causing fatty infiltration of the liver. In February 1935, the sriter
performed a thwo stage operation for carcinoma of the ampulla, doing a ¢hole-
cystogastrostomy and a gastrojejunostomy in the first stage. After the jaundice
was relies edd, the entire duodenum, with a large part of the head of the pancreas,
was remored, occluding the Jower end of the common duct and the stump of the
resected pancreas. The patient made a good convalescence and remained well
for 26 months, but at the end of 25 manths died with evidences of liver metastases.

During the test fise years, we abandoned the cholecs stogastrostoms” as a bile-
shunting procedure, using the divlecystojejunostomy becavse of the less frequent
ascending cholangitis, But because of the necessity of a two stage procedure to
relieve jaundice, and the siccessary ligation of the resected common duct at the
second stage, we encountered a serious postoperative complication in a biliary
fistula due to the cutting through of the common duct ligature. Orator naively
reported a case wath this complication in 1936 in a two stage procedure. He
stated that in doing a dressing following the second stage, after the patient had
developed a biliary fistula, he remosved an ascaris worm from the fistulous tract
“wearing the common duct ligature as a necktie.”

The two stage procedures were often associated with difficulties during the
second stage, becanse of the estensise vascular adhesions which had developed

in the right upper quadrant after the first stage. By 1910, the use of vitamin K
ta restore the blood clotting mechanism in the presence of obstructive jaundice
had lxcomc \\cll cslab]xshcd and the use of blood rramfusmn 1o prevent shock
in perations was well anized. In March 19140, the writer
performed the first one stage radical operation wi nh removal of the entire
duodenum and all of the head of the pancreas, with a chokdodm]qunm(bmv
and occlusion of the resected 1o , and d d the ad! ges of the
one stage procedure. Trimble of Baltimore reported a one stage procedure, car-
sied out independently, on a patient several weceks later.
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CARCINOMA OF THE PANCREAS

This type of pancreaticoduodenal tumor is the most treacherous and giv.es the
poorest prognosis with any radical operative procedure. The reasons for this are:
(1) Jaundice may not appear, and usually does not if the growth is in the body
or tail of the organ, I€ it is in the head, jaundice will appear late, the farther the
growth is from the common duct. (2) Severe pain is usually a prominent symptom,
one that is too easily confused with that seen in gastroduodenal and biliary tract
lesions. (8) These growths are not as a rule detectable by roentgen studies. (4)
The tumors are usually of the infiltrating, invasive type of carcinoma, spreading
early to the lymphatic drainage tracts and lymph nodes. (5) Rapid loss of weight
and strength are characteristic and indicative of the systemic debilitating effect
of these cancers. (6) In carrying out a pancreaticoduodenal resection of the head
or body of the pancreas, the sectioning of the pancreas results inevitably in
spillage of retained pancreatic juices, These have been demonstrated to contain
cancer cells. The spillage results in local spread of cancer cells, and accounts for
the too frequent local recurrences following the usual pancreaticoduodenectomy,
and the conviction on the part of many surgeons that the radical operation for
cancer of the pancreas is seldom more than a palliative procedure. Total pan-

y with duod y has been ad d by Cattell and Cole if these
lesions are to be treated surgically.

THE DIFFERENTIAL DIAGNOSIS OF PANCREATICODUODENAL TUMORS

The tavorable prognosis in patients with these tumors, once they have recov-
ered from the radical procedures, is dependent on early diagnosis and early
operation. For this reason, these patients, especially those with jaundice, must
not be studied to death. There are two essential diagnostic procedures which must
be carried out in making a differential diagnosis.

(1) If the patient is jaundiced, and the majority of them are, it must first be
determined whether the jaundice is obstructive in type rather than hepatic. In
obstructive jaundice, the alkaline serum phosphatase level is always definitely
elevated, whereas it is normal in jaundice of hepatic origin. On the other hand,
the cephaline flocculation test and thymol tusbidity test are wsually markedl):
positive, with 4 plus readings in the cases of acute hepatitis with jaundice
whereas in obstructive jaundice, whether due to tumor or common duct calculus,
these tests are negative. ’

(2) Once the diagnosis of obstructive jaundice is established, and in the pa-
tients with severe epigastric pain mdiating to the back and with no demonstrable
lesion by roentgen studies, the presence of a pancreaticoduodenal tumoar should
be suspected and the diagnosis kept in the foreground until ruled out. The
essential test in this differential diagnosis is the study of duodenal contex;ts b
means of the double tube technic, as frst proposed by Ligerlof and more recently
emphasized by Bauman. It is hard to understand why y

L this test is not g
erally used by the internists who first see these patients. more gen
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early and found to e locatized, There are certain reasnns howeser which make
the prognosis better in the ampullary growths than in the panereatic cancers.
These will he discussed under the separate headings of the sites of the tumors,
Fallawing this discussion, the aualysic of the several procedures will be given
and certain essential factors In carrving ent any of the modifications will be
emphasized, and the technic of e operation by e writer which has given him
the best results will he presented.

CARCINOIAA OF THE AMBULLA OF YATER

This tumor gives the hest pragrosis with radical pancreaticodundencctamy for
the following reasons, {1) It carsses early biliary obstruction, gisving promptly
the cardinal symptom of progressive painless fasndice with a distended galle
Blacklor. (2} The growtl is asualfy of the papillary type of earcinoma remaining
localized for w langer perind than the other fnfiltsating pancreaticoduodenat
tumors. (3) 1t is more apt to canse bleeding and stoughing of tumor colfs shich
can be detected more readily by dundenal intubation and aspiration for eytalagic
examination (1) Carefu} soentgenographic stidics sith filling defects are de-
tected at an cardier stage than in the other sites.

DPainless jaundice 35 more frequently seen in these ampullary grawths, which
differentistes them fom the pancreatic and common duct stopes, 1t mant be
emphasized however that when stoughing of the papillary grosth takes place,
as it does in some cases, the aandice will be temporasily relieved, simnlating
in this way the intermittent jaundace of bull valve commaon duct stone.

CARCINOA OF THE DUODENUM

When this growth occurs near or in comtact with the ampolla of Vater, it is
dithicult to diffcrentiate it, both at operation and on pathologic section. from an
ampullary cancer. If this vecurs the duodenal tumor may eanse early faundice,
Hawever, the symptomatology is as a sule obscure and these tumors are not easily
detected in the carly stages by harivm meal roentgen studies. Too frequently the
tumors are diagnased late and are irremavable at the time of the evplomtory
procedure. Hete again, duodenal intubation and aspiration done in early sus.
peeted cases will show blood and tamor cells in the Papanicotaom smears.

CARCINOMA OF THE COMMON DUCT

The symptom of progressisely deepening jaundice with a dilated. uninflamed
galibladder is characteristic, If the growth is ahove the pancreas, the lesion is
usually painless. However, in the lower end of the duct it s usually indistinguish.
able from & carcinomn of the head of the pancreas, md may be assoclated with
pain. The comman duct carcinomas are nsually of the infiltrating, stennsing type
with less bleeding and sloughing of tumor cells. The level of the site of the tumor
will determine the information to be obtained by duodenal aspiration studies,
to be mentioned under the heading of Duodenal Intubation Test.
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presence of pancreatic ferments, red cells, and cancer cells indicate a carcinoma
of the common duct above the ampulla. If both bile and pancreatic ferments are
absent, with the presence of blood and tumor cells, the growth may be in the
ampulla, the lower end of the common duct, or the head of the pancreas, involv-
ing the ducts.

Cancer of the Pancreas. The duodenal findings depend on the part of the
pancreas involved. If the growth is in the tail or body, bile may be present in
normal amounts with jaundice absent. Usually there will be diminished ferments
and blood and cancer cells would point to the growth in an area away from the
common duct, The nearer the growth to the ampulla, the more difficult will be
the differentiation from ampullary lesions.

Common Duct Calculus. The presence of cholesterol crystals and/or bile pig-
ment particles and the absence or diminished amounts of bile, the presence of
pancreatic ferments, and the absence of blood and cancer cells establish the
diagnosis of common duct calculus.

It must be emphasized that the previously mentioned liver function tests and
these duodenal content studies must be carefully correlated with the symptoms
of pain, its character and radiation, or absence of pain; the story of loss of weight
and strength; the presence or absence of a distended palpable gallbladder, and
the presence or absence of barium roentgenographic findings in making a differ-
ential diagnosis. It cannot be too emphatically stated that to waste days and
weeks in repeated unnecessary liver function tests on a patient more than 40
years of age and in watchful waiting, in the hope that the jaundice will clear and
the symp abate, is igning the patient to a hopeless prognosis if a cancer
is present. But the most important decision to be made by the clinician without
delay, if the studies do not establish the differential diagnosis, is to advise an
exploratory operation by a surgeon experienced in upper abdominal surgery and
familiar with the lesions under discussion, to ensure the earliest possible removal
of such cancers,

During the past 10 years, there have been modifications in the technic of the
two and one stage procedures, having to do with loop or Roux Y anastomoses of
the common duct, the pancreatic duct, or the stump of the resected pancreas
and the gastrojejunostomy. From our own experience with several of these modi:
fications, we have come to certain conclusions as to the principles to be followed
in doing one or the other of the modified radical pancreaticoduodenectomies,
'I;Ihese nr;e recorded un;ler separate headings with a discussion of the reasons for
the conclusions, as well as certain safety factors in ive i
and postoperative phases of the operatgn. the preoperative, operativ,

(1) We advocate the one stage procedure for the following reasons: (a) If th
patient js cachectic and deeply jaundiced with severe liver damage, ! e
bilities are that the lesion is too far advanced to warrant a radical gre,s
with an exploratory operation, a palliative bile-shunting procedure b
jejunum and the gallbladder is the most that

the anastomosis of the dilated pancreatic ¢ jej
t uct to the jejunum
Cattell, is warranted because of the relief fro o e advocnted by

) ! m the intolerable pruritus whi
accompanies obstructive jaundice and the temporary improvemer}nt in dig;::;:)c:

the proba-
ection and,
etween the
can be done. This, together with
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Tise: Duoptsar Intesatiox Test

“A Miller-Abbott type of rubber tube 4 feet long and 16 french, divided into
two longitudinal compartments hy a central partition, is nsed. The dundenat
end is provided with a perforated metal tip, The gastrie canal is perforated
where it s in contaet with the stomach wall; it has 5o connection with the
duodenum. The tube js passed through the nose into the stomach, This is best
done the night hefore hut may be inserted in the fasting state on the morming, of
the test. The patient rests on the right side, and the tube is manipulated into the
dundenum under the fluoroscope by the roentgenologist, This may be difficult,
time-consuming, or impossible, Pylorospasin, adhesions about the duodenum, or
abnormal or unusual conformation of the stomach or duodenum may be the
cawse of kailure. In several instances, 0.015 gm, of morphine hypodenmically has
enabled the passage of the tube into the duodenum. After the tube i in the
duodenum, it is taped to the nose with adhesive plaster, and 10 ce, of a 25 per
cent emulsion of finely powdered ealcium carbonate jn gum acaciy solution s
syringed into the stomach to neutralize excess acid, This nmnt be repeated i the
pancreatic juice fractions continue to be acid. The oral ends are joined to the
receiving test tubes into which the juices are aspirated by constant pentle suction
by means of a Wangensteen apparatis. The dusdenal glass receiving tube must
be iced to avoid destruction of ferments during eollection. After obtaining the
first 10 minute sample, 0.010 ce. of meeloly] chloride is injected subatancously.
Ten, 20, and 30 minutes later, three further 10 minute fractions are collected. The
fractions are preserved in jce until analyzed. The pll is determined with a
Hellige pH meter. 1If the specimen is neutral or alkaline, fts volume, amsylase,
protease, and lipase concentrations are determined.

"It is suggested that a solution of atropine sulfate for hypodermic injection be
at hand to anticipate undue sensitivity to the vagomimetic drug. Especial care in
asthma and heart disease js advisable, However, we have had very tittle trouble
in this respect in over 500 cases™ {Bauman).

Duodenal contents obtained by this technic give the following significant
findings:

(1) The presence, decrease, or absence of bile.

{2) The presence of normal, decreased, or absent pancreatic fenments.

(8) The presence or absence of cholesterol erystals and bile pigment particles.

(4) The presence or absence of red blood cells.

(5) The presence or absence of tumor cells studied by the Papanicolaon
technic.

With the data so obtained, the following differential diagnosis can be made:

Cancer of the Ampulla of Vater. Both bile and pancreatic ferments are de-
creased or absent. The presence of red blood cells and the finding of cancer cells
with the Pay laou technic establish the dingnosi

Cancer of the Duodenum. If the ampulla is not involved, both bile and pan.
creatic ferments will be present. Blood and cancer cells with bile and panereatic
ferments present in normal amounts point to a duodenal carcinoma,

Cancer of the Common Duct. Absence or diminished amounts of bile, the




RADICAL SURGERY OF PANCREATICODUODENAL CANCER "

any of the dogs. Pancreatic duct epithelium appeared to unite rapidly with
jejunal mucosa as carly as the 30th hour, and in some instances overgrew the
jejunal mucosa.

(6) There are certain variations in the shape and size of the head of t?w
pancreas, especially in relation to the superior mesenteric vessels and portal vcuj,
which Jargely determine the difficulty and hazard of the radical operation. .Thxs
applies especially to that portion which is spoken of as the lingula or uncinate
process of the head of the pancreas, This may be absent or it may be so developed
as to encircle the superior mesenteric vessels and lower end of the portal vein.
When the duodenum and pancreatic head are mobilized, the uncinate process is
not necessarily visible or palpable, and often is not identified until the head of
the pancreas is sectioned from the neck. If this process is involved in the car-
cinoma, it may be impossible to separate it and the head from the vessels in-
volved, Experiments are in progress to determine the feasibility of bridging the
resected vein and artery by means of vascular grafts or fluid-repellent plastic
tobes (Daniel). As yet, no successes have been reported in clinical cases, but
have been successful in dogs.

(7) In some cases with the tumor in the body or tail, or where the growth
is extensive and apparently limited to the pancreas, a total pancreatectomy has
to be considered. If this is to be done, the spleen as well as the duodenum should
be resected en bloc. The common duct should be sed to the d
limb of the jej followed by the g ) y as in the usual pan-
creaticoduodenectomy, Of course the pancreatic duct would be removed with the
pancreas and duodenum.

(8) Because of the possibility of leakage from one of the three stomas during
the first week after the radical procedures, it is essential to establish adequate
drainage of the denuded retroduodenal and subhepatic areas. This is best accom-
plished by sump drainage, using a larger soft rubber tube with side openings
containing a smaller rubber tube to which continuous suction can be applied
at the close of the operation. This has two more advantages: it prevents the
soaking of the dressings with exudate that may have irritating and digestive action
on the patient’s skin; it makes it possible to measure the loss of fluid and electro-
Iyte which may be serious, for in some instances of bile or pancreatic leakage 1
to 2 liters may be lost daily in the first postoperative week.

(9 Nonabsor'ba'l?le suture and ligature material in fine grades should be
used thmughopt; either fine silk or fine cotton gives equally good results. The
use of catgut in any form invites disaster and accounts for many of the failures ~
in the earlier attempts of radical surgery. Halsted's teachings in this respect are
never better demonstrated than in these Ppancreaticoduodenal lessons. For the
closure of the abdominal incision stainless steel, silver, or tantalum.\vir f
lhrough-and-through figure-of-eight or nearfar-far-nea ; © o

near sutures causes less reac-

tion for a period of 12 to 14 days, and is good insurance a, ainst wound disrupt;
p > g g uption
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(b) The danger of hemorrhage and povtoperative oozing is controlled by pre-
aperatve vitamin K therapy. This §s most effectively ghven i the form of
huginone in doses of 1 gm. cvery 12 houn for two days befare apesation. 3f any
aneia ss present, blood transusion will help to control bleeding, as well av re-
heve the anvmia, These two measures wil restore the blood clotting smechanism
unless the bver is so damaged as to derange the prothroabin devel. For this
reasaq, the prothrombin time shauld be determined hefore opetatioa. U tis fevel
cannnt be sestored, the msk o the patient of a radical procedure & prolibitive,
(¢) The danger of two anesthesias and two operations is avoided. () The difl-
culties af extensie and, in same cases, wasspve vineular adhestanc at the seamd
and mare difienlt stage are avoided

{2) The galtbladder should not e usesd i the one stage pm(“lun' t re-
establish the flow of bile into the digestive tract. Cholerystogasttostomy §s the
warst toeme of shant, for it 15 espeeiddly prone to aseending bitieey infection be-
cause of gastnie contents and pasticalate matter foreed into the galibbadder and
retasned there by the strong gastric contractions amb the tendency for this stoma
to bevome marrowed as a result of the inequality between thick gasteie and thin
galtbladder walls,

{3) The common duet, dlited s it osnally i in these Jmions, when
anastomosed e the jepanum, either end-o-side of duet o a Joop of fejuanu, or
preferably, end-to-cud of sesered duct to the ceetical fimb of the revected jejunum
{30 10 40 e in dength ) ds seldom followed by o eholangitis This is r\phiund
by the fact that there is a free flow of bile, the vertical fejunal limb has a peristalsic
away {rom the duct, and the stoma shows tittle tendeney ta stenme ac campared
to n choleevstogastrostomy In the two stage procedure, the galibladder has to be
nsed for the shunt. At the second stage, too often this is left undisturbed and the
savered common duct i tigated. Ty o many «ases the lizatuse bas ent theough
the common duet, resulling in 2 most serious compheation of o postoperative
biliary Hstula, a fistula dilfienlt to elose by anv subsequent operation.

() Total dundencetomy should be wn essentud part of pancreaticoduodenee-
tomy for two reasous. in ether a partial or total pancreatedtomy. First, beeame
complete removal of the head of the pancreas sa compromises the blood sunply of
the duodenum as to favor gangrene and fistula formation. Secondlv, 1 the
presence of malignaney in that aren, lymphatics and dymph nodes, hirboring
tumor evlls, tannot be as radically remored unless the dusdenum is excised en
Bloc with the head of the paucreas.

(3) lmplanting of the panereatic duct into the jejunal loap ic advisable far the
following reasons: {n) The flow of pancreatic juice is restored, improving diges-

tion. {b) The chances of a pancreatic fistula are much dess than when the duct
is oecluded by a ligatare, which often cuts through the duct wall. (¢} It elimi.
nates the uncertainty and argument regarding an oceladed pancreas and its
relation to fatty changes in the liver. These have been observed in dogs, but have
not been corroborated in the human, (&) Pancreatic duct cpithelium is avid in
its vapid fusion with jejunal mucosa. Experiments tn 20 dogs by Jobn Hawk and
the writer demonstrated that o simple approvimation of the duct with two fine
silk sutures ta an opening in the jejunal mucesa of eiqnal size resulted in a secure
anastomosis in all the 10 surviving animals. Pancseatic fistula did not oceur in
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through both recti and into the oblique muscles is essential. The vertical left
rectus incision is mentioned only to d it as inadequat and handicapping

First Step. A careful review of the pancreas, duodenum, gastrohcpatic omentum,
and liver is done to determine the presence of metastasis,

Second Step. Incision of the peritoncum is made to the right of the duodenum
to mobilize it and the head of the pancreas.

Third Step. A study of the head of the pancreas at the site of the emergence
of the superior mesenteric yessels from behind the pancreas is done to determine
the presence of a lingula or uncinate process, and the extent of its encirclement
of the mesenteric vessels. This is further facilitated by dividing the ligament of
Treitz and drawing up the first foot or more of the jejunum. Great care should
be used to avoid injuring the superior mesenteric vessels. At the same time the
inferior pancreaticoduodenal vessels can be ligated and divided.

Gall bladder \/

\\\\

i Pancreas
Stomach

AT 5 25

Fi16. 1.—Postcolic procedure.

Fourth Step. The common duct is separated from the no in §
trohepatic or hepatoduodenal ligament, gelow the cystic dECtrt:Illdv ii'l;llu:d:‘:j SS‘S‘
carcinoma, and is divided between clamps. The gastroduodenal ol 1o
the hepatic artery is usually seen and should be divided betwee
co;t;o]lssmuclzrzf the blood supply to the duodenum,

ifth Step. The stomach is divided proximal to the pylo

Sixth Step. The pancreas is now dgrided anteﬁorlif)):;t :;llse?z:(‘:lteizz };?: clsmp&
body, and the splenic vessels and portal vein are identified. The portal :eain T;g

artery distal to
n ligatures. This
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PREQPERATIVE CARE

Meassres to determine and treat eardiovinenlar, pn\mun.uy, yenal, and bepatic
dystunction are essential before undertaling radical pancreaticoduodencctomy.
Preoperative determinations of ehdoride, sodinm, and particslarly potassivm, a
well as bload volume studies are impartant as haselines for Tater imbalances

Juundice in many of these patients is unfortimately of mane weeks” duration.
Serum bilirubin determinations give the most accurate fnformation on the degree
of bitiary ofstrction and jawsdive, Profonged prothrombin and elotting time
demandy wtensive preoperative sitamin K therapy, FPailore of prothrombin time
to respond to this treatment indicates severe hner damage and sudes opesation
arackssable. Blomd urea nitrogen stuchies and residual arioe determinations in
prostatic hyperttophy are necevarny. Myoeardal damage shonld be chacked with
electracardhograms to detesmine carehac reserve and the newd for digualis therapy,

it advisable to give pentciflin 50008 uits every four Biours for 21 hours
belere operation 1o prevent gramepositive covens infection, A preoperative blom
transtusion 1s wsually indicated from the blood studics. & Lavin tube placed in
the stomach before operation ensures againgt gastric setention, somiting, and
strain on the gastrojejunostomy doma.

ANESTHESIA

The preoperatine studies of the paticut shoukd be carcfully considered fn
deciding the type of ancsthesia to be usald, An experienced and S illful anesthetist
should ghve the anesthesia that be and the surgeen have chosen after considering
the patient’s studies. The radical operations are three 1o four hour procedures
and require adeguate relaxation in going in and coming out without compromising
the hlood pressure and pulse rate, Local infiltration of the peritoncrm about the
abdominal incision, or carcful use of curare as an adjmant to the generat
anesthesia belps in the first and last patts of the operation.

THE OPERATIVE PROCEDURE

For x review of the many modifications of the technic of panereaticoduadence-
tomy;, the reader is teferred to Child's monagraph, Because the writer kas tried
a number of his ewn and others’ modifications and has arrived at the procedure
which has given bin the best approach and results, the one stage operation ns
used in bis later cases is deseribed in detait and iustrated. Figare 3 represents
the best procedure in his opinion.

Inasiong

The incision (Fig. 4) depends on the type of operation ta be done, For the
resection of the duodenwm and head of the pancress, a vertieal right reotus
splitting incision from the costal margin to the wmbil level gives
and optimal exposurc, For resections of the entire pancreas and duodesnum, snd
for exploring for islel coll tumors, a curved transverse incision above the uigbilicus




RADICAL SURGERY OF PANCREATICODUODENAL CANCER 15

of the pancreatic stump are then approximated to the jej
anastomosis, by means of interrupted silk sutures.

Tenth Step. The cut end of the jejunum is now anastomosed end-to-end with
the common duct. If the lumen of the jejunum is much longer than the common
duct, a portion of the mesenteric border can be closed, leaving the remainder of
the lumen to be sutured to the duct, The is can be reinforced
by tacking the hepatoduodenal ligament or the galibladder to the jejunum, to
remove any tension from the choledochojejunostomy.

, around the duct

L

o

Spleen

Pancreas

Duodenum

Fie. 3.—Total pancreatectomy.

EIeue.nth S.tep. The rent in the mesocolon should be carefully closed around
the verlhcal limb of the jejunum below the gastrojejunostomy.

Twelfth Step. Peritoneal toilet, sponge and pad ¢ ¢ i
the hemostasis and anastomoses. PO P ounts and careful review of
. I"girf'teenth Step. Ad:Oft tubber tube, perforated laterally, with a smaller tube
inside it, as & sump drain, is now placed in th !
inside it a5 a sum P! in the subhepatic space away from the

Fourteenth Step. Near-far-far-near stainles

s steel or tantalum wi

through all layers' of the abdominal wall, with interrupted fine s;tenls;ttures
sutures for the peritoneum and posterior rectus sheath are placed and tied, b fr e
the wire sutl{res are tied or twisted to approximate the edges of the inc‘e' n (Fig,
4.) The-se wire sutures should be left in Place 12 to 14 days. The I 15101n (e
ea-ch wire sl.lou]d be cut at each end near the skin. The ne;(t d U}l:g o o
wire ends will come away easily. % the twisted
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the saperior mesenteric vessels are curefully divsected away from the head of the
pancreas, This is especinily baportant and often dificult if the uncinate process
encircles these vessels, The head of the pancreas, the pyloms, the end of the
common duet, the duodenum, and the first part of the jejunim e now be re-
wored en bloe together with the adfacent lymph nades.

Sceenth Step. By dividing the fejmum below the ligument of Treitz, the distal
el ean be drasn up vertically for anastomoses with the stomack, pancseatie
duct, and common duet as Blustrated (Figs, 3 and 2), and eliminates the necessity
of clasing the distal end of the duodenuns st the duodenojejunal junction and
a jejfunojepmostomy distab to the other anastomoses. A vartical segment of
jepunnm, at teast 12 ta 18 fnches (30 to 3% an.) long is then bhrought up rete
socolically, through the rent i the mesncoton, for thr anastomosss,

Goll blodder Y/

Poncreonn
Brtomaeh

Jejunum

Fi6, 2.-Antewohe procedure,

Ex"kth Step. At a distance nl 12 inches from the distal divided end of the
an {8} 1 pastrojef y is carried out on the antemesenteric
bordm' of the jejunum,

Ninth Step. Provimal to the g1s(m;c|mms(om), the divided end of the panereatic
duct is approxil ltoayp peaing in the jejunue, on the ant terie
border, by means of {\\o fine ss“. sutures. Before these are tied a fne rabber
or plastic tube, 5 cm. long, is inserted into the duct 2ud passed into the jejunum,
This acts as a temporary bridge, but is passed in 88 to 43 hours. The cut edges
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is great danger of precipitating it by overhydrating the patient with saline infu-
sians for this only dilutes the serum potassium and results in peripheral edema and
edema ileus. By carcfully maintaining these fluid and clectrolyte balances, Doc-
tors Lockwood, Parsons, and Randall were able to reduce the previous post-
operative mortality at the Columbia-Presbyterian Clinic from 36 per cent to 83
per cent during the past four years. Similar striking improvements have been
noted in the radical pelvic operations by Brunschwig at the Memorial Hospital,
as reported by Eliel and Pearson and by McInnes ct al. .

Because of suction drainage and the severe operative procedure, ambulation
as early as 24 to 48 hours as in other abdominal operations is not advisable,
although having the patients stand each day and walk about the bed is wise. They
should not sit in chairs with pressure on the popliteal areas.

RESULTS

The operative risk of radical surgery for cancer of the pancreaticoduodenal
area, with a better understanding of the evaluation of the patient’s condition, a
better understanding of the safety factors and the measures to prevent the
complications by the use of the ancillary services, as well as improved technics
of the operation, has been markedly lowered. This is as true in this area as it is
true of many other radical procedures during the past 10 years, such as pneumo-
nectomy, esophagectomy, total gastrectomy, hemipelvectomy, and pelvic ex-
enteration.

But it must be acknowledged and recoguized that much of the radical surgery
for cancer is palliative in the various fields in which it is used. Palliation is justified
if it prolongs life and relieves pain, without leaving the patient with serious
irremediable dysfunction and intolerable physical and mental distress. Strong
and Pollock in a recent survey of radical mastectomy for cancer, make the fol-
lowing cogent remark: “Limitations of the field of usefulness of any operation
should not be considered failures of that operation. It is a grievous error to con-
demn a method of proved curability because it is not a panacea. Furthermore, the
poor results obtained when radical mastectomy is not properly done are not
necessarily failures of the operation; they may be failures of the operator.”

Certainly there is a difference in the prognosis following the radical procedure
for an ampullary growth, as compared to that of pancreatic cancer. The reasons
for this have been given. The future hope for improvement in the prognosis fol-
lowing the radical surgery for these lesions lies in not studying these elderl
patients, with cardinal symptoms of jaundice, of constant severe epigastric '1ii
Tadiati.ng to the back, for periods of weeks with watchful waiting, and, amon, P;he
internists who first see these individuals, in recommending early ope;ation x% the

diagnosis is not clear, or if the dia is i i
i gnosis is reasonably established, ing i -
diate surgery by a competent surgeon. Y > WrBing fmme
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FOSTOTERATIVE CARE

Careful detenninations of the patient’s intake and output and datly detenming.
tions of hlood CO;,pH. and the serum sodinm and potassium levels are wndaton,
if serious clectrolyte and fluid imbalances are to be avelded. The syndrome of
metabolic alkalosis and potassium deficiency—asthenia, anoreda, low blood pres-
sure, intestinal distention, and distortion or disappearance of normal T wanes
in the electrocardiogram—may appear from the fourth to the 10th postoperative
day. This, if continucd, results in death, but can be quickly remedied by the
administration of potassium chloride, 1 gm., b d, or tLd. Serum potassium deter.

inati and elect i deteet such a threatened syndrome. There
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ing the first of these reactions and is isolated by a complicated process of chemical
separation from the other products of nuclear fission. The activity of the final
solution when sent to the various laboratories is about 20 millicuries per milliliter.

MECHANISM OF GEIGER TUBES AND SCALERS

Radioactive iodine decays by the emission of both beta and gamma radiation.
Beta particles are electrons of varying energy, which produce ionization in tissues
by means of their negative charge. All of these particles are absorbed by about
3 millimeters of skin or other soft tissue, Gamma rays are uncharged quanta of

Fic. 1.—A portable survey meter used particularly i i i
urvey ly in scanning patients f¢ &
G-M tube 15 shielded by 1 cm. of lead (Nucleonic é’of;.,‘i?o’ae{’ raﬁf?smes' The

energy (photons) and are electromagnetic in nature. The jonizati
ature. a 2
thr;))ughb the PIOdl;Cti;n of }slecondary electrons, in being {)acrt:nslel)y“;:lz\\::glxlly‘):llwy
sorbed by materials through which they are passing. Certain of .
3 the ga
(}f I:x fH;ay du-.averse the(a1 thickness of the body \Eithcugbeing a]xalsgrbede ir:ﬁa;a{}i
inch of lead is required to stop half of these rays. Since th tient’ ki i1l st
the beta particles emitted by the It trappedyby the thyfo?; ;:5; 51:]‘;11‘1‘1,;11 —
m_ents of the body activity in sity, subsequent to tracer doses of 1'131 e
with gamma ray detectors. » are made

‘The bell-shaped Geiger-Miiller tubes which have been employed until recently



Radioactive lodine in the Diagnosis
and Treatment of Thyroid Disease
GEORGE M. CURTIS, M.D. AND CHARLES V. MECKSTROTH, M.D.

PHYSICAL CHARACTERISTICS OF RADIOIODINE (™)

HE USE OF RADIOACTIVE 10D15E: for the determination of thyroid activity, in health
T:\s well as in disease, §s bringing about a more complete understanding of both
normal and pathologic thyroid physialogy than has been possitie by the wse of
previous methods. Two mais factors account for this pragress: (1) The human
bady contains no I'*' under normal circumstances, yet appears unable to distin-
quish between it and ordinasy indine, 1%%; {(2) wmch simaller quantities of 1
can be esaluated with a suitable detector such as a Ceiger-Miilter counter, than
15 possible with I'*" using present-day microchemical technies. Stadics with the
aid of radiciodine may be carried out after the administratian of swall doses,
\nown as tracers which produce Jitthe if any demonstrable effect on the thyseid
gland ar on other body organs. By the use of these tracers, the absorption, metabo-
Tism, and excretion of the el can be followed throughout the body and the
relative rates of these processes evaluated.

There are at least 14 radioactive isotopes of jodine. The most generally used is
', Ysotopes of an clement may be defined as two or more chemical species {e.g.,
' and ') which have the same atomic number (53), the same nuclear charge
(53 protons ), the same number and arrangement of orbital electrons (53), but dif-
fer in atowic weight (127 and 181); or in the structure of the nucleus {74 neutrons
for 1*#7, 78 neutrons for 1'*'). The yadioactivity of 1'¥ is manifested in the process
whereby it “decays” to the stable state of the gas xenon {54%435) as the result of
the spontaneous omission of beta particles (¢lectrons ) and gamma rays (similar to
x-rays of short wave length ).

PREPARATION OF b2

The first radivisotope of jodine 1'#" was isolated and deseribed by Fermi in 1934
and was originally used in physiologic studies by Hertz et al. in 1938, This U2
was prepared in the cyelotron by the newtron bombardment of todine, tellurium,
or antimeny. However, the short half-fife of 25 minutes restricted biologic studies
to a brief period. It was nat until the preparation of 1, with its half-life of eight
days, that numerous studies could be readily carried out in the various ficlds of
thyroid activity.

The 1 inuse today is prepared in the fum chai ion pile cither (1} as
one of the members of the mass 134 fission products of uranium 235 or (2) by
the neutron bombardment of telturium. The greater part of 1'% is prepared dur-

20
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ing the first of these reactions and is isolated by a complicated process of chemical
separation from the other products of nuclear fission. The activity of the final

solution when sent to the various laboratories is about 20 millicuries per milliliter.

MECHANISM OF GEIGER TUBES AND SCALERS

Radioactive iodine decays by the emission of both beta and gamma radiation.
Beta particles are clectrons of varying cnergy, which produce ionization in tissues
by means of their negative charge. All of these particles are absorbed by about
3 millimeters of skin or other soft tissue, Gamma rays are uncharged quanta of

Fic. 1.—A portable survey meter used parti i i i
u particularly in scanning patients fc
&M tube i shielded by 1 cri of lead ‘(Nacleonie Cgoxl;m, Model rni?f;;.’smes' The

energy (ph ) and are elect: ic in nature. They ca ionizati

through the production of secondary electrons, in being izatt]il:lxslfy“;x;lfz}t:gllll onll)y
sorbed by materials through which they are passing. Certain of the gam ) e
(.]f 1'! may traverse the thickness of the body without being absorbed %bo:;a] "“Y}f
inch of lead is required to stop half of these rays. Since the patient’s s i o
the beta particles emitted by the I'* tra x ol
ments of the body activity in situ,
with gamma ray detectors.

The bell-shaped Geiger-Miller tubes which have been employed until recently

il sto,
pped by the thyroid gland, all measureIj
subsequent to tracer doses of I3, are made
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w tracer studies consist of cylinders with a center wire insulated from the silvered
chamber walls. They arc usually filled with an alechol-argon gas mixture. Suffi-
cient voltage is applicd ta the center wire ta enable a current momentarily to
bridge the gap between the center wire and the wall when an fonizing particle
enters the sensitive gas-volume through the mica window. This will initiate an
“avalanche” of ionization in the gas, under the influence of the high applied
voltage, and will register as one pulse to the preamplifying tube.

The pulses from the G-M tube are fed into a suitable recording device, depend-
ng on the ohjective of the stady at hand. For cxample, a portable rate moter
{Fig. 1) can be used when Jarger doses are administered to patients with thyroid
malignancy. For tracer stadies with small dases, an automatic scaling circuit is
ewmployed.

The clliciency for gamma rays of the bell-shaped, mica window G-M tubes is
fess than 1 per cent and for this reason new tubes have been designed. Figure 2
illustrates a more sensitive lead-shielded bismuth plate tube with which thyroid
uptake studies can be performed after the administration of from 5 to 10 micro-
curies of 1. The recently descloped scintillation tubes are expected to increase
further the detection of minimal doses.

ADMINISTRATION OF I'=

The first radioisotopes of iodine were available in limited quantities and were
given intravenously to make certain of complete absorption. This procedure neces-
sitated undesirable radiation of the investigator and was svon abandoned in favor
of the oral ronte when larger quantities became available.

1

The is shipped in contai ta the various laboratories where it is
dilated as necessary and pxpem:d into glass vials. These vials are assayed quanti-
tatively for activity, i diately before administration to the patient. This serves

both as a base line for tracer studies and as a double check to prevent errors from
ypossible mislabeling. This assay is carried out-with the glass vial at a distance of
15 em. from the lead-shielded G-M tube, Under this geometry, & 10 microcurie
dose registers about 40 counts per second with the equipment shown in Fig. 2.
The patient is then told that he is to receive a tracer dose of radioactive {odine
which is handed to him by means of Jong steel forceps. The patient drinks the
contents of the vial and scveral tap water rinses.

The administration of large therapeutic doses, en the order of 25 to 100 milli-

curies {1000 microcuries == 1 millicurie), 1 a problem for the investigator.
All patients receiving such amounts have mkcn previous tracer doses and are ac-
3 with the p ! In these si the lead carrier with the vial

msxde is placed on thc patient’s table. The administrator steps back 6 fect or more
while the patient removes the lead lid from the carrier and drinks the contents of
the vial, followed by tap water rinses.

Nevertheless, the greatest exy to radi ity is ed by the per-
son who admini the large therapeutic doses and later surveys the patient.
The exposure of nursing personnel is usually insignificant, one exception bein,
bedpan care of patients who have just received large therapeutic doses. Although
such instances are seldom encountered, these bedfast patients are not considered
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good candidates for intensive radiolodine treatment because of the dangers of
transportation of their excreta in bedpans.

Workers who arc exposed to any appreciable radioactivity must wear 2 film
badge or some form of dosimeter in order to ascertain the amount of exposure
they receive. Interval blood counts are also required in order to determine an
incipient leukopenia or anemia. Bone marrow studies may be indicated as a
more thorough periodic check.

Exposure to radioactivity can De held to a minimum, and within limits accepted
as safe, by carcful planning.

Fic. 2.—The bismuth-plate tube (Sylvania GG306), encl;sed
mounted on a portable x-ray stand. The ding i (Tracerlab A
shown.

by a % inch lead cylinder, is

) is not

THYROID PHYSIOLOGY STUDIES WITH [t

h?x{ny.nf the en.r]ier studies of the physiology of the thyroid gland, using th
ﬁ.dmmdme technic, were thought to be original in nature. Howev’er itgsooe
ﬁecz\m.e apparent that various of these so-called “discoveries” were me;e] (:onn
n:txi\z:u(:\f oIfl 2\:10;}( dorzz m:\nyhyears Ppreviously, using the microchemical de);ermi
n of 1'*". No evidence has yet been presented that signi i .
physiologic differences exist between 1'** and I', The nux:l%zr:f:::{ ::'himlcal ot
» . rangement

of orbital electrons are identical and 2 ently the bo
4 arent| i iate
o 5 y PP ¥ ly th dy cells cannot differentiat



24 MONOGRAPHS ON SURGERY

The possibility of simple exchange in the bedy between ' and 1'*7 bas been
considered. When radiai is mired with an aqueous salution of jodate or
diiodotyrosine, no exchange is observed. When radioiodine is added 1o homog-
enized thyroid tissue, so exchange takes place. However, when surviting thyroid
slices are used, the radiofodine is incorporated into radicactive diiodotyrosine and
thyroxine (Morton and Chaikoff ), Thus, it appears that the thyroid coll must be
fiving in order to convert inorganie radicindine inta the organic, pmt(‘i’n-hmmd
form.

Fate or Orarty ApsaNistemin I'9

In general, the iodide fon behaves in a manner similar to the chloride ion in
1ts absorption from the gastro-intestinal tract, It soon passes through the liver and
becomes dispersed throughout the entire bady. The greater part of the jodine is
then gradually piched up by the thyreid gland or sxereted by the kidney. The rte
and magnitude of thyroid uptake are commonly regarded as dircct indications
ot the rate of thyroid activity. A number of dlinics now administer tracer doses of
1% as part of their routine diagnostie work-up of alt patients with thyroid disease.

Badioiodine enters into the inner metabolism of the thyroid cell and hecomes
incarporated inte radioactive diindotyrosine and thyrevine. In the form of these
two amina acids, radiaiodine Jeaves the thyroid gland to he distributed to the
various body tissues and ergans, The rate of appearance in the blaod stream of
this newly formed, protein-bound radisiodine has been nsed in certain clinics
as a test of thyroid function. It necessitates, however, the use of large tracer doses.

A high percentage of the radiciodine which is not "trapped” by the thyroid
gland is exercted by the hidney, The greater part of this exeretion takes place
within the first 24 hours. It thus becomes apparent that if the uptake by the
thyroid gland is high, the amount evereted by the kidney is Tow, and vice vessa.
Quantitative assay of the thyroid and urine at the end of 24 houss will usually
aceount for from 70 to 5 per cont of the mmount administered, the remainder
being seattered throughout the various bedy tissues, especially musele and Yiver.

Occasionally a patient will show a selective secretion of 13 by the stomach,
This must be taken into consideration when scanning a patient for possible
metastases,

Mook or Actioy oF I'! ¥ Tr Trrvrow GLaxp

The metabolism of radioiedine in the thyroid gland may be divided into
three phases: (1) As iodide, it must penctrate its membrane and enter the thyroid
cell. (2} Yodine becomes incorporated into thyroxine and then diiodatyrosine
by means of an intricate intracellular enzyme system. Dijodotyrrasine is generally
regarded as the precursor of thyrexine, the thyroid hormone. This is then stored
in the colloid of the al as thyroglobulin, which includes thyroxine, diiodotyr-
rosine, and some imorganic iodine. {3) Thyrovine is relcased from the collaid
on stimulation by the thyrotropic hormone of the anterior pituitary.

In the carliest studies it was thought that radiciodine was concentrated in
greatest amounts in the cells of the alveolus rather than in the colloid (Hamilton
et al.), This was d x4 by placing mi opic sections of the radioactive
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thyroid tissue on a sensitive photographic plate. An autoradiograph resulted.
Owing to these findings it was originally reasoned that the therapeutic cffects of
113 were brought about during its passage through the thyroid cell. However,
when further series of autoradiographs were made and reported (Lcblond et al.),
it was shown that the passage of radioiodine through the thyroid cells was only
transicnt, and that the therapeutic effects of the I'*' were largely due to its
storage in the colloid with consequent irradiation of the surrounding cells
(Leblond et al.; Dobyns and Lennon).

Tonization in tissues produces a denaturation of proteins and the
tion of a histamine-like substance. The denaturation process possibly results from
the ionization of water to form the powerfully reactive free radicles, H+ and OH—.
In turn, the destruction of a delicate intracellular enzyme system takes place and
cell death ensues. The histamine-like substance, resulting from cell destruction,
is believed to account for the systemic effects of irradiation on the circulatory,
gastro-intestinal, and nervous systems. With regard to 1'%, 95 per cent of the
resultant histologic changes in the thyroid gland are caused by the beta particles,
and 5 per cent are due ta the gamma rays.

DIAGNOSIS OF THYROID DISEASE WITH 1'** TRACER STUDIES

The clinical diagnosis of thyroid disease, and particularly of its functional
changes, is at times difficult, especially when the issue is clouded by the occur-
rence of coexisting disease such as anxiety states, congestive heart failure, the
leukemias, malingering, and neoplasms. For this reason, any laboratory method
which will ascertain the state of thyroid activity is desirable. Radioactive iodine,
in small tracer doses, is one of these methods and has been accepted as a suitable
adjunct in the laboratory diagnosis of thyroid dysfunction.

The methods used in making these tracer studies vary among workers because
of the expense involved, the availability of space and personnel, and the advances
made in technical equipment. The method herein described is quite practical and
enables the determinations to be carried out subsequent to doses of from 5 to
10 microcuries.

UPTAKE IN THE Tryrom GLAND

A dilution mixture of I*3! js prepared so that 10 microcuries are contained in
1 milliliter, Doses are pipetted into a 10 ml. glass vial which contains 5 ml. of a
solution of NaOH (8.2 gm.) and Na,S.0; (19 gm.) diluted to 2 volume of
4 liters. This vial is then placed 15 em. from the G-M tube and assayed for net
counts per second after correction for background radiation. The arrangement in
Fig. 2 gives values of about 40 counts per second (c/s) for 10 microcuries. The
d'ose is then administered to the patient who also drinks the several tap \.vater
rinses.

After the desired time interval, the G-M tube is laced in i i
patient’s thyroid gland, 15 cm. from the skin (Fig. 2) asd net c:urlxltxsle e‘:lst: ths
are then obtained. Two correction factors are necessary before the u tIa)k COII;
determined. First, the decay factor of I:** must be considered. Secondpa gsocx:reltriz
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correction factor should be applied. The latter is necessary because of the dif-
ference in the geometry of the small glass vial and variously shaped thyroid
glands. Figure 3 shows various shapes of the gland and the correction fac-
tors determined by the laboratory equipment described above.

Fic. 3.—Geometric correction factors for glands of various sizes and shapes.

The following formula is then applied:
c/s obtained
over gland 1 < & ic
c/s administered * decay factor * correction factor

X 100 = per cent of uptake
in the gland

An example follows:

206, 1
03 % 518

X 112 X 100 = 61.6 per cent

The proper time for obtaining counts over the thyroid gland will depend on
the patient under study. Usually, except in severe hyperthyroidism, 2 single count
at 24 hours will suffice. In cases of severe hyperthyroidism, especially those of
Graves” disease, multiple counts are desirable, and a graph of the uptake is
charted. This is necessary because of the rapid turnover of I' in the diffuse
hyperplastic gland. As shown in Fig. 4, it is possible for a patient with severe
hyperthyroidism to have a lower uptake than a patient with moderate hyper.

-
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thyroidism if but a single 24 hour count is obtaiped. A practical solution is {o
abtain counts at three, six, and 24 hours if the differentinl diagnosis is doubtful.

In large serics of studies the uptake by the thyroid gland of hypothyroid
paticnts is normally below 10 per cent. Values for cuthyroid patients will generally
lie between 10 and 40 per cent. Iyperthyroidism should be suspected in patients
with values above 40 per cent. These values are only relative and some overlap is
to be expected.
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Frc. 4.—Typical I'*! uptake cunves for Graves' disease, tovic nodular, and nontovic nodi
goiters. The rapidity of uptake in Graves’ disease mecessitates multiple countsm&f:ri':xg u\l!:;
first few hours.

Urinary Excrerion

The urine d after the administration of a tracer dose is collected and
assayed quantitatively. Usually the first 24 hour excretion is sufficient; however,
specimens obtained at longer or shorter time intervals may be used. ’The urim;
is passed directly into a 2 liter wide-mouthed glass jar. On assay, the jar is filled
with water to within 2 cm. of the top, and thoroughly mixed. T’he G]—M tube is
placed 2 cr. above this fuid level, just above the Iid, and net counts are obtaine(;
The 2 cm, distance was determined by assaying a tracer dose at 15 cm, diluti .
it with 2 liters of water, and then ascertaining the distance of the tube"fr !}IIE
water level at which counts representing 100 per cent of the tracer di som e
obtained. The formula used for the determination of urinary excretion io G W_(;re
to that of gland uptake, except that no geometric correction factor is invol - (;"m o

A hypothyroid patient will usually excrete over 60 per cent of the tr::ex: dose
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correction factor should be applied. The latter is necessary because of the dif-
ference in the geometry of the small glass vial and variously shaped thyroid
glands. Figure 3 shows various shapes of the gland and the correction fac-
tars determined by the laboratary equipment described above.

Lad.d

10cc Vaal

Fic. 3.—Geametric correction factors for glands of various sizes and shapes.

The following formula is then applied:
¢/s obtained

over gland 1 % §eometric X 100 = per cent of uptake
¢/s administered *~ decay factor " correction factor in the gland
An example follows:
E0'—6>< X 112 X 100 = 61.6 per cent
03~ 315 r

The proper time for obtaining counts over the thyroid gland will depend on
the patient under study. Usually, except in severe hyperthyroidism, a single count
at 24 hours will suffice. In cases of severe hyperthyroidism, especially those of
Graves' disease, multiple counts are desirable, and a graph of the uptake is
charted. This is necessary because of the rapid turnover of I'** in the diffuse
hyperplastic gland. As shown in Fig, 4, it is possible for a patient with severc
hyperthyroidism to have a lower uptake than a patient with moderate hyper-
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TREATMENT OF THYROID DISEASE WITH RADIOIODINE

Hertz and Roberts, in the spring of 1941, were the first to use radioactive
iodine for the treatment of Graves® discase. Since that time numerous reports have
appeared regarding its success and failure, its advantages and disadvantages.
The first indication for this new type of treatment was recurrent Graves” disease,
with complications from previous surgery, namely damage to the laryngeal nerves
and/or the parathyroid glands. The early results were promising. When more
radioiodine became available, the indications for administration were expanded to
include all types of Graves' disease and more recently toxic nodular goiter.

GRAVES DISEASE

Diffuse hyperplastic goiter with hyperthyroidism has readily lent itself to
radioactive iodine therapy owing to the high jodine uptake by this type of
pathologic thyroid gland. In addition, the uptake is usually diffuse in its distribu-
tion as opposed to that of a toxic nodular goiter. Therefore, not only is the degree
of overactivity diminished, but the enlarged gland is usually also decreased in
size.

A complete cvaluation of the patient from both the clinical and laboratory
standpoints should precede the administration of I**%. The laboratory data should
include a basal metabolic rate (BMR), somnolent metabolic rate (SMR), protein-
bound serum iodine (PBI), and a radioiodine tracer uptake (RAI) study. The
seram cholesterol may also be determined. A careful history should be obtained
to rule out any possibility of previous iodine medication, since this would have
an inhibitory effect on the uptake of radioiodine. The size of the gland is
estimated, and the therapeutic dose then calculated. Approsimately 0.1 millicurie
is given per gram of thyroid. This is usually administered in two or more
divided portions, allowing an interval of from two to four months between doses.
The patient is followed to observe the clinical effects and at one to three month
intervals the laboratory tests listed above are repeated. The RAI tracer study,
however, cannot be repeated earlier than two months after the administration
of a 5 millicurie dose unless less sensitive G-M tubes and larger amounts of 11
are used. The final amount of I'** given is frequently different from the original
estimated requirement.

The generally accepted indications for using I*3! in the treatment of Graves’
disease are (1) recurrence after surgery has been performed, with or without
injury to the parathyroids and/or recurrent laryngeal nerves; (2) refusal of
surgery; (3) failure of propyl thiouracil treatment; (4) severe risk cases, such
as those presenting cardiac damage with congestive failure, which cannot be
controlled by antithyroid drugs and for which surgery is regarded as too
hazardous.

The principal advantages of radioiodine in the treatment of Graves’ disease

lie in the avoid of the lications of surgery.

} e e gery. Nevertheless, frequentl
satisfactory beneficial response to radioiodine is delayed because :uf irgxdequ};ti
dosage. This dxsadyantage can prove to be an important economic factor since
most of these patients are in the wage-earning age group. With routine pre

o 1
operative . e >
perative preparation, using iodine, calcium, phosphorus, and vitamin D, adequate
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during the first 24 hours, Values for cuthyroid patients range from 60 on down
to 30 per cent, while hyperthyroid patients will generally exercte less than 30
per cent in this time interval, Gbviously, all urine passed during the determined
period must be saved if the test is to be of clinical value.

Corneration wrri Omien Diacxostic PROCIDURES

The various tests ordinarily used for the determination of thyreid § Tave
faults and limitations. The BMA is a measure of axygen consumption, an indicator
of the total body metabolism which is generally assumed to e largely governed
by the activity of the thyroid gland. ffowever, there are other discases besides
hyperthyroidism which elevate the BMR in a patient, such as lenkemia, anicty
states, and congestive heart faiture. The recently introduced SMR {samnolent
metabolic rate) in which a BMR is performed during sleep produced by in-
travenous nembutal, is a recognized advance {Rapport, Curtis, and Simeox).
This is chiefly of value in the differentiation of amiety states, yet it still gives a
false indication of actnal thyroid function in other organic lesions such as con-
gestive tailure and neoplasms. The PBI (protein-bound blood jodine) is more
vajuable in the elimination of nonthyroidal hypermetabolism (Rapport and
Curtis), but should nat be used when the patient has recently received fodine
in any form, cither as therapy ot in diagrastic studies, The cholesterat level com-
monly used as a test for thyreid function is obviously an indirect method.

Nor is the determination of the uptake of radicledine by the thyroid gland
a perfect test, In a fashion, it parallels the PBI in its limitations. If a patient has
recently received fodine in any form, a marked diminution will be noted in the
glandular uptake. At least one month, and preferably more, should elapse before
tracer studies become valid an patients who have had Lugol's sohmon
choleeystography, intravenous pyelography, or lipiodolization, et
used congh medicines and sedatives often contain significant amounts of iodine.
Even the barium mivture used in gastro-intestinal fluoroscopy contains appreciable
amounts.

Thiouracil preparations lkewise depress the uptake of radioiodine but their
action is comparatively short-lived. These compounds should be discantinued for
at Jeast one to four weeks before a valid uptake is obtainable. Treatment with
desiceated thyroid should be stopped for at least four to six weeks before the
uptake returns to a frue value.

Nevertheless, the advantages of radioiodine tracer studies far outweigh their
timitations and consequently these studies have become of value in the differential
diagnosis of thyroid disease. Werner et 2l have reported their correlation of the
radioiodine uptake with other clinical tests of thyroid activity. Its use in estab-
fishing the diagnosis of hyperthyroidism is wefl grounded. However, it appears to
be of equat or greater value in those patients with an elevated BMR, yet without
thyroid disease. Anxiety states, malingering, hypertension, congestive failure, the
Jeukemnias, and neoplasms are but a few of the diseases which can be dif-
terentiated fn this manner from hyperthyroidism. Obviously, i of jts limita-
tions, the radioiodine tracer study \vdl serve to supplement other methods of
diagnosis of thyroid disease, rather than replace them.
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TREATMENT OF THYROID DISEASE WITH RADIOIODINE

Hertz and Roberts, in the spring of 1941, were the first to use radioactive
jodine for the treatment of Graves’ disease. Since that time numerous reports have
appeared regarding its success and failure, its advantages and disadvantag
The first indication for this new type of treatment was recurrent Graves™ disease,
with complications from previous surgery, namely damage to the laryngeal nerves
and/or the parathyroid glands. The early results were promising. When more
radioiodine became available, the indications for administration were expanded to
include all types of Graves” discasc and more recently toxie nodular goiter.

Graves’ DisEASE

Diffuse hyperplastic goiter with hyperthyroidism has readily lent itself to
radioactive iodine therapy owing to the high iodine uptake by this type of
pathologic thyroid gland. In addition, the uptake is usually diffuse in its distribu-
tion as opposed to that of a toxic nodular goiter. Therefore, not only is the degree
of overactivity diminished, but the enlarged gland is usually also decreased in
size.

A complete evaluation of the patient from both the clinical and laboratory
standpoints should precede the administration of 1'31, The laboratory data should
include a basal metabolic rate (BMR), somnolent metabolic rate (SMR), protein-
bound serum fodine (PBI), and a radioiodine tracer uptake (RAI) study. The
serum cholesterol may also be determined. A careful history should be obtained
to rule out any possibility of previous iodine medication, since this would have
an inhibitory effect on the uptake of radioiodine. The size of the gland is
estimated, and the therapeutic dose then caleulated. Approximately 0.1 millicurie
is given per gram of thyroid. This amount is usually administered in two or more
divided portions, allowing an interval of from two to four months between doses.
The patient is followed to observe the clinical effects and at one to three month
intervals the laboratory tests listed above are repeated. The RAI tracer study,
however, cannot be repeated earlier than two months after the administration
of a 5 millicurie dose unless less sensitive G-M tubes and larger amounts of I3t
are used. The final amount of I'3 given is frequently different from the original
estimated requirement.

The generally accepted indications for using I*31 in the treatment of Graves®
fiisease are (1) recurrence after surgery has been performed, with or without
injury to the parathyroids and/or recurrent laryngeal nerves; (2) refusal of
surgery; (3) failure of propyl thiouracil treatment; (4) severe risk cases, such
as those presenting cardiac damage with congestive failure, which cann’ot be
controlled by antithyroid drugs and for which surgery is regarded as too
hazardous.
lieTi}:leu[];:r;ilopigla::l:::;t:}g):scgfn r?iclx;‘oti'odinefin the treatment of Graves® disease

isfactory beneficial res) picat ons of surgery. Nevertheless, frequently a
satisfact ry ben ponse to radioiodine is delayed because of inade uate

dosage. This disadvantage can prove to be an important economic £ qu
most of these patients are in the wage-earning a, i act.o v since
operative preparation, using iodj loi g age group. With routine pre-
» using lodine, calcium, phosphorus, and vitamin D, adequate



30 MONOGRAPHS ON SURGERY

sedation, and rest together with a sufficient diet, most patients with Graves’
disease can be adequately prepared for surgery in less than two weceks. Pregnancy
is an obvious contraindication to the use of radioiodine, since the thyroid of
the growing fetus will pick up and retain It*t after the age of 12 weeks. The
carcinogenic effects of such intense local irradiation by the beta particle are not
sufficiently known, and will not be known for some years. This is particularly
important in the younger patients. Morcover, neither the general metabolic cf-
tects of the radioactive thyroxine produced nor the radiation effects on the
gonads have been sufficiently studied.

Toxic Nopurar Gorten

The plan for treatment of this type of goiter with radioiodine is similar to
that of Graves' disease, except that more I'"', approvimately 0.3 millicurie per
gram, is required. Richards et al. reported 32 remissions in 87 patients followed
tor six months or more. Glands weighing 50 to 100 gm. required an average of
30.6 millicuries.

The advantages of treatment of this type of goiter with 1'3* arc similar to
those in Graves’ disease. However, the disadvantages become more pronounced.
(1) The incidence of carcinoma in a toxie nodular goiter is considerably higher
than in a toxic diffuse gland. (2) As shown in our clinic by Leblond et al, the
rapid turnover and consequent uptake of 1**! by a toxic nodular goiter are not in
the large nodules, but rather in the paranodular tissue. Therefore, the reduction
of size is less than in a toxic diffuse goiter. (3) The larger glands (over 150 gm.)
require considerable quantities of I'** and the chances of carcinogenesis would
thus seem greater.

Tryroip MaLIeNANCY

It is well known that ionizing rays in sufficient quantities, such as in roentgen
irradiation, can produce complete destruction of neoplastic cells. When the
malignancy is deep-seated, however, a sufficient cancerocidal dose cannot usually
be delivered owing to simultaneous destruction of the intervening tissues. Thus,
it has long been the aim of the investigator to find some irradiating chemical
substance which will specifically localize in neoplastic cells and do little or no
damage to the neighboring tissues. The discovery of the first isotope of jodine
thus gave new hope in the tr of thyroid malig) ies, since the thyroid
gland has such a great avidity for iodine. This attraction for a specific element
is unequaled by any other organ in the human body. Consequently, it was with
great disappointment that Hamilton et al. reported their observations of the
tailure of uptake of radioiodine in 2 patients with thyroid malignancy.

It was not until 1946 that Seidlin et al. reported the first instance of selectwe
uptake of I'** by of a thyroid carci with subseq
able therapeutic improvement in the patient’s over-all condition. Since (hen
numerous clinical investigators have reported on the varied actions of this
isotope in the treatment of metastatic as well as localized cancer of the thyroid.

The thyroid gland, as do certain other organs, presents real problems in the
differentiation of its benign and malignant tumors. Owing to the proximity of
important structures, radical surgery of the neck carries a high morbidity from
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the functional standpoint as well as from the eventual cosmetic cffect. It thus
becomes imperative that thyroid surgeons appreciate the various problems en-
countered in making a diagnosis of thyroid malignancy and in specifying the
type present. The suitable definitive therapy conscquently lics in their hands.

An epithelial tumor may be idered to be carci when it has shown
clinical or microscopic evidence of malignancy, characterized by one or more of
the following criteria: (1) local invasion, (2) vascular invasion, (8) recurrence
{of the original tumor) after incomplete excision, (4) metastasis, and (5} death
of the patient due to its invasive character.

Most tumors of the thyroid may be placed in one of three major histologic
categories: First is the papillary carcinoma which is so prevalent in the younger
age group, especially children. It grows slowly, spreads primarily to the regional
Iymph nodes, and is generally amenable to surgical excision. Second is the
adcnocarcinoma which usually occurs in the middle-aged group. It grows with
moderate rapidity and often spreads by the blood stream to produce scattered
metastases in the lungs or bones. The multiplicity of metastases frequently con-
traindicates surgery. Third is the undifferentiated type of tumor, which grows so
rapidly that usually by the time the patient comes to surgery the entire gland
is diffusely infiltrated and the neck is “cemented” by tumor tissue, making total
excision dangerous and in certain patients impracticable.

Radioactive jodine has thus far proved of greatest value in the therapy of the
second type of lesions, the adenocarcinomas. This is because physiologically
adenocarcinoma more closely resembles normal thyroid tissue than do the other
types and consequently takes up and stores more 1'*!. One is not to conclude
that 1! should not be tried in the other types, but rather that other forms of
therapy, notably surgery and/or roentgen irradidtion, which are known to yield
beneficial results, should be the main form of treatment. In fact, radioiodine
should usually be limited to those lesions of adenocarcinoma which are inacces-
sible to surgery.

The quantity of radioiodine used to locate distant metastases will depend on
the case at hand. When patients are referred to a radioiodine center prior to
surgery, trequently the diagnosis is questionable and should be accurately deter-
mined. A heavy tracer dose of 1 millicurie may be given to obtain autoradiographs
after surgery. When the clinical diagnosis is obvious, characterized by a “frozen”
neck with or without metastases, larger doses may be given preoperatively in order
to obtain better autoradiographs. If the patient is referred postoperatively with
a qfxestionable diagnosis, and no known metastases are present, doses of 1 milli-
curie are adeque.xle in order to malx:e a survey for hidden deposits. If the patient is
seen postoperatively with unquestionable clinical and microscopic diagnoses, it is
preferable to give doses of the order of from 10 to 25 millicuries in makin’ the
survey for metastases. Doses over 1 millicurie should generally be limited to %hose

patients who will receive further treatment with I'32 or for advanced or terminal
cases where larger doses may yield significant information. The advantages and
disadvantages of the variously sized doses must be evaluated for each atg' o
) After the admimstration of I3t g portable G-M tube is usu"\ll r lerllt
1(;1 Scn;ming the patient, in order to determine the uptake (Fig. 1) :I‘h);s ?:nssz;};ﬁd
one 24 hours after administration of several millicuries, or four or five days aﬂe};
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sedation, and rest together with a sufficient dict, most patients with Graves’
disease can be adequately prepared for surgery in less than two weceks. Pregnancy
is an obvious contraindication to the use of radioiodine, since the thyroid of
the growing fetus will pick up and retain I'"* after the age of 12 weeks. The
carcinagenic eftects of such intense local irradiation by the beta particle are not
sufficiently known, and will not be known for some years. This is particularly
important in the younger patients. Moreover, ncither the gencral metabolic cf-
tects of the radioactive thyroxine produced nor the radiation cffects on the
gonads have been sufficiently studied.

Toxic NopuLar Gorter

The plan for treatment of this type of goiter with radioiodine is similar to
that of Graves’ discase, escept that more I‘“. nppro“mﬁtcl) 0.3 ml“lcunc per
gram, is required. Richards et al. reported 32 remissions in 87 y Il
for six months or more. Glands weighing 50 k\ 100 gm. required an average of
30.6 millicuries,

The advantages of treatment of this type of goiter with I'** arc similar to
those in Graves’ diseasc. However, the disadvantages become more pronounced.
(1) The incidence of carcinoma in a toxic nodular goiter is considerably higher
than in a tosic diffuse gland. (2) As shown in our clinic by Leblond et al., the
rapid turnover and consequent uptake of I'* by a toxic nodular goiter are not in
the large nodules, but rather in the paranodular tissue, Therefore, the reduction
of size is Jess than in a toxic diffuse goiter. (3) The larger glands (over 150 gm.)
require considerable quantities of I'** and the chances of carcinogenesis would
thus seem greater.

TuyroID MALIGNANCY

It is well known that ionizing rays in sufficient quantities, such as in roentgen
irradiation, can produce complete destruction of neoplastic cells. When the
malignancy is deep-seated, however, a sufficient cancerocidal dose cannot usually
be delivered owing to simultaneous destruction of the intervening tissues. Thus,
it has long been the aim of the investigator to find some irradiating chemical
substance which will specifically localize in neoplastic cells and do little or no
damage to the neighboring tissues. The discovery of the first isotope of iodine
thus gave new hope in the tr of thyroid malignancies, since the thyroid
gland has such a great avidity for iodine. This attraction for a specific element
is unequaled by any other organ in the human body. Consequently, it was with
great disappointment that Hamilton et al. reported their observations of the
tailure of uptake of radioiodine in 2 patients with thyroid malignancy.

It was not until 1946 that Seidlin et al. reported the first instance of se]ectxve
uptake of I'3* by metastases of a thyroid i with
able therapeutic improvement in the patient’s over-all condition. Since thcn
numerous clinical investigators have reported on the varied actions of this
isotope in the treatment of ic as well as localized cancer of the thyroid.

The thyroid gland, as do certain other organs, presents real problems in the
differentiation of its benign and malignant tumors. Owing to the proximity of
mportant structures, radical surgery of the neck carries a high morbidity from
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stained tissue and is developed and mounted without moving. In this manner
a more precise localization of the uptake may be obtained (Fig. 6).

Fic. 8.—Autoradiograph of the same tissue shown in Fig. 5. In this technic, the emulsion was
painted over the tissue where it remained through the subsequent processing. The arrows point
to the areas of radioactivity. Note that the'tumor tissue on the left retains no I131]

When the normal thyroid gland ceases to function, it is thought that the in-
creased thyrotropic hormone (TSH) formed by the anterior pituitary will
stimulate the neoplastic cells to function more like normal thyroid cells and
thereby again trap I'*%. A state of myxedema is frequently necessary before the
neoplastic cells will be stimulated enough to demonstrate uptake subsequently.
Figure 7 is an autoradiograph of a 15 year old boy with functioning thyroi(i
metastases in the lungs. This patient had received 150 millicuries of 1** durin,
an eight month period prior to this pulmonary biopsy and was slightly m 'er
dematous. It frequently becomes necessary to relieve this state of myxedeina \}vith
suital;]le thyroid ;net;lica]t]ion. Its continued use abolishes all uptake of I*31 for g
month or more. As further support for thi: i .
nell et al. have significantly ii)rxm)creased ‘t}i ef o thyrolropxc hormone Trun-

. . X N ptake of thyroid metasts .
thiouracil and TSH in patients receiving thyroid medicatiz:l stases with

_ When the deciSi(.m_ has been made to treat a patient with radioiodine, th
;;ompe can be administered either in small amounts every few weeks or in iar .
foses hever)'r few months. The advantage of the frequent small doses lies i tﬁe
act that different parts of the lesion will pick up I'* at different times, Int}u'e
. In this
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amounts larger than 25 millicuries. The entire body is carefully searched for areas
ot unusual uptake. Depending on the time interval, there will be some I'*! in
the gastro-intestinal tract and in the area of the urinary bladder. If normal thyroid
tissue remains in the neck, most of the trapped 1*** will be found in that region. 1f
any unusual area of uptake is found, quantitative studies are subsequently made
and the patient is x-rayed to ascertain any radiographically visible lesion.

Fic. 5—Section of an undifferentiated carcinoma (A) of the thyroid surrounding a bit of
normal thyroid tissue (B). From the autoradwgraph oun the right, it is apparent that only the
bit of normal thyroid tissue retained the 113t as shown by darhening of the emulsion.

The uptake of 131 by widely scattered metastatic lesions depends on their
degree of function. It has been found that but few metastatic thyroid deposits
take up I'>* until all normal thyroid tissue is removed, by surgery, x-ray, or
1'3* therapy. Therefore, a negative scanning for uptake in metastatic lesions in a
patient who has residual thyroid tissue in the neck is in no way conclusive.

When surgery is performed following the administration of 1 millicurie or
more of radioiodine, autoradiographs may be obtained to show the radioiodine
uptake by the neoplastic tissue. The stained microscopic section is dipped into
1 per cent celloidin; a light-sensitive film is placed over this and exposure is
continued for several days. The film is then developed and, as shown in Fig, 5,
the uptake in the tissue can be readily determined. To localize this more exactly,
the technic of Leblond is necessary, whereby the emulsion is painted on the
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SUMMARY

Radioactive iodine, 1%, has been used in the study and treatment of human
thyroid discase for the past 10 years, The use of this and other isotopes has
made it necessary that the physician have a basic understanding of the nature
of radioactivity and the various ways by which its effects are brought about.

By far the most important contribution of radioiodine to medicine has been
in the study of normal and pathelogic thyroid physiology. Having certain physical
attributes not possessed by the stable I'#7, radiciodine has been used to deter-
mine qualitatively as well as quantitatively the manner and rate of turnover
of jodine by the thyroid gland. These arc the bases for the familiar radioiodine
“tracer” studies of thyroid activity.

Furthermore, radioactive iodine has a definite, though limited, place in the
treatment of thyroid malignancy. The most encouraging results have generally
been in the colloid-forming adenocarcinomas.

It will only be through continucd research that greater numbers of patients
will find relicf from thyroid disease by means of this new form of internal radiation.
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mstance, 2 “blosd level” of 11 would be theoretically ideal. Also, the effects
on the other body tissues would be less intense at any one time. The alternate
snethod of administration is to gve large doses of I'**, With this method moze
P could be delivered to the lesion while it still functions, Tn this latter form of
therapy the effect on the bone marrow and other organs would be acute and
the patient would be more likely to evperience radiation sickness,

Fie. 7-A d: h of o £ i

g pul is of i of the
rathoactnity, Tns bssue was semaved by 2 fung biopsy.

o
thyrond The araws pownt 1o the area of

The total amount of 1! that can safely be given to a patient depends on the
amount and frequency of the doses, and on the percentage retained by the body.
One millicurie of 1'3* dehivers abeut one roentgen of total body radiation. A dose
of 400 roentgens of total body radiation is frequently fatal. Trunnell et al. reported
aw instance in which a total of 638 millicuries, given over a period of several
months, produced a fatal p ytop Obviously, in patients treated
with therapeatic doses of I'%, frequent studies should be made of the peripheral
blood and bone marrow as these tissues generally first show irradiation effects,

Radioactive jodine has been most widely used in the treatment of thyroid
malignancy. The best results have been obtained in the seattered metastases of
adenocarcinoma since these cells most closely resemble normal thyroid tissue
in their ' uptake. Although actual “cures” will probably be few in number,
many patients treated with radiciodine should experience menths or even years
of real subjective improvement and well-being.
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SUMMARY

Radioactive jodine, I, has been used in the study and treatment of human
thyroid discasc for the past 10 years. The use of this and other isotopes has
made it neeessary that the physician have a basic understanding of the nature
of radioactivity and the various ways by which its effects are brought about.

By far the most important contribution of radioiodine to medicine has been
in the study of normal and pathologic thyroid physialogy. Having certain physical
attributes not possessed by the stable 1**, radioiodine has been used to deter-
mine qualitatively as well as quantitatively the manner and rate of turnover
of iodine by the thyroid gland. These are the bases for the familiar radioiodine
“tracer” studies of thyroid activity.

Furthermore, radioactive iodine has a definite, though limited, place in the
treatment of thyroid malignancy. The most encouraging results have generally
been in the colloid-forming adenocarcinomas.

It will only be through continued research that greater numbers of patients
will find relief from thyroid disease by means of this new form of internal radiation.
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instance, a “blood level” of 1'** would be theoretieally ideal. Also, the effects
on the other body tissucs would be Jess intense at any one time, The alternate
method of administration is to give large doses of 1. With this method more
131 could be delivered to the lesion while it still functions, In this Jatter form of
therapy the cffect on the bone warsow and other organs would be acute and
the patient would be more likely to experience radiation sickness,

Fio. 7. d h of a i i i

grap 7 Y of an ad i of the
thyroid. The arrows powt 1o the area of zadiactis sty. This tissue was removed by a lung biopsy.

The total amount of 1**! that can safely be given to a patient depends on the
amount and frequency of the doses, and on the percentage retained by the body.
One millicurie of I**' delivers about one tgen of total body radiation. A dose
of 400 roentgens of total body radiation is frequently fatal. Trannell et al. reported
an instance in which a total of 638 millicuries, given over a period of several
months, produced a fatal panh ytopenia. Obviously, in pati treated
with therapeutic doses of I:3%, frequent studies should be made of the peripheral
blood and bone marrow as these tissues generally first show jrradiation effects,

Radiocactive iodine has been most widely used in the treatment of thyroid
malignancy, The best results have been obtained in the d of
adenocarcinoma since these cells most closely resemble normal thyroid tissue
in their 1'% uptake, Although actual “curcs” will probably be few in number,
many patients treated with radiciadine should experience months or even years
of real subjective improvement and well-being.
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advantages. This technic appears to increase quickly the perfusion o‘f the
coronary arteries which, in turn, will gnarantee more efficient cardiac funchon: It
is also possible to maintain a systemic pressure at a known level by adjustuzg
the apparatus through which the blood is delivered. And the danger of rapid
overloading of the lar system is minimi: d

1t should be noted, however, that rccent experimental work by Blades and
Beattie indicates that there are real dangers if too Jarge amounts of intra-arterial
transfusions are given and that after a reasonable systemic blood pressure has
been established by the arterial route the blood should be given by vein to
maintain blood volume.

MepicaTion

In the past there has been considerable disagreement concerning the use of
morphine and other narcotics in patients with chest wounds. There appears to
be no set formula which will be satisfactory in all conditions. If morphine is
used, however, it should be given cautiously and preferably by the intravenous
route, because in the shocked patient the absorption of the drug when given
subcutaneously is low. If the doses are repeated once blood volume is restored
and shock relieved, the patient may suffer from morphine poisoning.

Most of the pain following thoracic wounds results from injury to the chest
wall, The pain can usually be controlled with small doses of narcotics and the
proper use of procaine injections to block the sensory nerves of the part injured.

TaE CHEST WALL

The seriousness of chest wall injuries depends on the effects of the mechanics
of respiration. This is of particular importance when the muscles controlling
inspiration are affected. Ordinarily if one unit of muscle is injured compensatory
action by others will furnish a reasonable factor of safety. Unless extensive
destruction of the chest wall has taken place, the immediate effects on respiratory
exchange will depend on the amount of associated pain which in turn will cause
splinting of the thorax and decrease in respiratory movements.

One method for partial control of pain after simple injury to the chest wall
is the application of adhesive strapping to the thorax to minimize respiratory
excursions. The most efficient type of chest strapping involves encircling the
entire lower costal margin which will result in partial immobilization of the entire
bony thoracic cage. Other types of strapping are of little value.

The advantages of regional nerve blocking for control of pain in the chest wall
have practically eliminated the need for strapping of the thorax after rib frac-
tures. In minor injuries, after a patient is ambulatory and is annoyed by some
pain, a support in the form of a polo belt or an Ace bandage may be useful
In severe injuries, however, adhesive strapping is not only inefficient, but ié
can be dangerous if vital capacity has already been decreased as a resul’t of the
injury.

BecioNaL Nerve Brocks

Injections of procaine, either in the site of rib fract

ure
nerve blocks are highly successful in controlling chest es or by paravertebral

wall pain, Most surgeons



The Management of Acute Chest Injuries
BRIAN BLADES, M.D. AND R, CARL GARBY, M.D.

HOBAGIC INJURIES MAY INVOLVE damngc to the chest wall, the Jungs, or any of
Tthe viscera contained within the bony thoracie enge, To ensure the greatest
possible satety, the possibility of visceral injury in all cases of thoracic trauma
must be considered. And certain features peewliar 1o chest wounds deserve spe-
cial emphasis,

GENERAL CONSIDERATIONS
Suock

The accepted methods for combating shock which may be applied after in-
juries to all parts of the body should be instituted in all cases of chest trauma.
It is important, however, to emphasize a feature peculiar to thoracic wounds
which may be a factor in producing shock when the hungs are damaged. Ae-
cumudations of blood or mucus in the trachea or bronchi may interfere seriously
with pulmonary ventilation. If respi hange is comyp d by the ac-
cumulation of sceretions, aspiration through a bronchoscope or by catheter suc-
tion may result in a dramatic change in the patient’s condition.

Pulmonary edema or massive hemorrhage into the luug parenchyma causes
a mare serious problem, which is best treated by oxygen therapy. The possibility
of partial suffocation mist, however, be considered in every patient with a
thoracic wound who is in shock.

The reports of Beecher and others during the last war have cstablished the
dangers of overloading the circulatory system with blood and plasma in a shocked
patient. This is particularly true in the cases with injury to the lung, The physio-
logic changes in shock and acute hemorrhage are similar, characterized by fall
in blaod pressure, increased pulse, slowing of circulation, and loss of bleod
volume. Anoxia will produce increased capillary endothelial permenbility which
will finally result in tissue and pulmonary edema and, eventually, death, if not
relieved.

Although the average war wound will exceed in severity most wounds incurred
in civil lite, the same principles may be applied, and are of particular impostance
in the poor risk patient, the elderly, or the herribly injured subject.

TRANSFUSIONS OF Broop
The importance of transfusions of blood in traumatic shock cannot be ques-
tioned, but it is important to give reasonable quantities as slowly as possible
to meet the Huid requirements. In this connection the role of intra-arterial trans-
fusions should be mentioned. After massive hemorrhage from any cause, resulting
in severe shock, the administration of blood by the arterial route has certain
38
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level on the anterior chest wall. By this method a constant intercostal block can
Dbe maintained for hours or days if nccessary.

The seri of chest 1s uswally depends on the amount of visceral
damage. Multiple fractured ribs are painful and are dangerous if associated pain
causes severe splinting of the thorax or the lungs are torn by jagged fractured
ends.

Fic. 1.—Photograph of plastic tubes being placed in the wound after a thoracotomy.

Tae STOVE-IN CHEST

A common severe injury to the thoracic cage may result from trauma to the
anterior chest wall and sternum, the force of which may be transmitted posteriorl,
cansing fractures to the posterior ribs over the transverse processes, which ac);
as fulerums. Multiple bilateral fractures, both anteriorly and poste;iorl asso-
ciated sometimes with a fractured sternum, may partially or comp]etelyy(,i(-;hch
segments of the chest wall. This will, of course, result in serious interference \;ith
the bellows-like action of the thoracic cage. Moreaver, after such severe ddmage t
the chest wall, there is usually associated visceral injury. Paradoxical mgte: .
which will result from the increased negative intrapleural pressure on ir;s i Dt'wn
sucking in the detached portion of the chest wall, may so redu Pl'm o
exchange that death will follow, P ecuce resplratory
toT;:l\ctifm n-\:\)zlbe 11))1;\ced on the sternum to hold it fixed in position by placing

wel clips in the bone and 2 1 i i

D e and applying traction with a frame, rubber bands, or
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preter paravertebral blocks, which may be done with the patient lying in the
prone position or on his side.

Atter skin preparation an intradermal wheal of novocain may be placed near
the spine at the desired rib level. The position of the wheal should be just
caudal to the lateral spinous process of the vertebra because the posterior spines
of the dorsal vertebrac extend caudally to overlap the vertebra below. A 3 inch, 20
gauge needle may be employed and is passed through the wheal of novocain
and advanced slightly upward and medially until the transverse process of
the vertebra is located. Using the lower border of the transverse process for a
guide, the needle is advanced about 0.5 cm. and the plunger of the syringe is
withdrawn to be sure that the tip of the necdle is not in a blood vessel or the
subarachnoid space. Five to 10 cc. of 1 per cent procaine solution are injected.
When paravertebral block is to be employed, at least two intercostal nerves
above and below the level of the injury should be irjected.

Methods for Prolonged Intercostal Nerve Blocks. It has been noted by Burford,
Samson, Brewer, and others that sometimes a single intercostal nerve block or two
or three repetitions of the technic will furnish long-standing or permanent relief
of pain. Untortunately, however, this is not always the case and recently a technic
developed by Blades and Ford has been employed to produce intercostal anal-
gesia tor many hours or several days. The method was originally used following
elective operations on the chest but should have wide application in cases of
acute trauma when certain modifications are employed.

The method consists of placing small plastic tubes in the wound through which
procaine solution can be delivered at two to three hour intervals, In cases in
which open thoracotomy is necessary, after closure of the pleura and intercostal
muscles the tubes are placed at the inferior border of the ribs (usually four tubes
are employed) in the extreme posterior position just anterior to the erector
spinae muscle. The tubes are secured in place by a few fine silk or catgut sutures
and tor convenience are brought out the anterior angle of the wound so that in-
jections may be done without turning the patient. The tubes are usually placed
on 19 gauge needles which have been anchored in a cork and the needles are
covered with a sterile rubber cap (Fig. 1). The technic has been highly success-
ful following elective thoracic operations and there is no reason to doubt its value
after thoracotomy for acute injuries to the thorax.

A slight modification of the method has been developed for use in patients with
nonpenetrating wounds of the chest, or in situations where a large thoracotomy
incision is neither necessary nor desirable.

A short incision, approximately 5 cm. in length, is made parallel to the spine
over the posterior portion of the rib, at the level of injury, to gain access to the
sensory nerves supplying the region. Three or four ribs are exposed corresponding
to the level of the pain. A long needle is then inserted through the intact skin
in the midaxillary or anterior axillary line, pushed through the muscles of the
chest wall and located with the tip of the finger which is placed in the posterior
wound. Plastic tubing is then threaded through the needle, secured in place at the
interior border of the rib, and the small incisions parallel to the spine are closed.
Procaine may then be injected through the tubes which are at a convenient
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wise or impossible. If there is a contused wound with associated tissue damage
débridement may be necessary before final closurc is done. This will, of course,
require operating room facilities. Regardless of the technic employed, it is im-
portant to emphasize that the physiologic bellows action of the chest wall must
be preserved as much as possible. If large defects in the chest wall are en-
countered, the defect should be closed with as little tension as possible. Long
releasing, incisions in adjacent skin will make it possible to repair even huge
wounds.

INJURIES TO THE LUNGS

In both penetrating and nonpenctrating varieties of wounds, the lungs are more
commonly injured than any other thoracic viscera. Damage to the lung may
result in hemorrhage producing hemothorax, bleeding into the lung parenchyma
proper, pneumothorax, or emphysema.

HEeMoTHORAX

Injury to the pulmonary parenchyma may cause bleeding from either a pul-
monary artery or pulmonary vein. The pressures in the pulmonary system vary
from 20 to 30 mm. of mercury and although bleeding from these vessels may be
rapidly fatal, hemorrhage usually ceases because the elastic vessel walls contract
into lung tissue. Fatal hemorrhage is except in instances of extensive
wounds involving major pulmonary vessels. Hemothorax of demonstrable propor-
tion will be found in the great majority of serious thoracic wounds (Fig. 2).

Once hemorrhage has ceased to be active and shock is controlled, early expan-
sion of the lung should be accomplished by aspiration of the blood from the
pleura. If the loss of blood has been massive with collapse of the lung and a
mediastinal shift, emergency aspirations may be necessary to adjust intrapleural
pressures to the level compatible with comfortable respirations. Experiences
during the past war have largely erased the fear that early evacuation of blood
trom the plewra might result in secondary hemorrhage and the practice of de-
layed aspiration or employment of air replacement when blood is removed to
prevent rapid re-expansion of the damaged lung has been abandoned. The pri-
mary objection to this technic is that failure to remove the fluid, or air replace-
ment, will keep the lung in a collapsed position which not enly reduces pulmonary
function but if continued may result in chronic hemothorax requiring open opera-
tion and decortication to free the fixed lung. Moreover, the entire pleural space
becomes vulnerable to infection. If the blood is evacuated early without aif re-
placement, the pleural space will be occupied by the re-expanded lung and if a
complicating empyema should occur it will be of small volume.

The necessity for emergency thoracentesis in cases of hemothorax can be based
on clinical manifestations. A sufficient amount of blood should be removed t
r?\ieve dyspnea and to allow the mediastinum to occupy its normal midline :
tion. Atter the patient’s condition is stabilized and the gradual evacuatio g(:lsxh
hemothorax is undertaken, the amount of blood which may be‘ remc\x} ; ﬁ
vary from patient to patient. No complicated apparatus or pressure re:ord‘;;g

machines are necessary in determining the amount of blood which may be re

moved with safety at each aspiration. When the thoracentesis is begun the patient
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other mechanical methods. The relief of pain by paravertebral block is of
particular importance in patients with a stove-in chest.

Recently Carter and his associates have advocated the performance of
tracheostomy in paticnts with severe crushing injurics of the chest. Their treat-
ment offers two advantages. First, it is easy to remove the accumulated scere-
tions from the trachea and broncli if a tracheotomy tube is in place, and,
second, and peshaps of more importance, the dead space of the upper airway
will be reduced if the air intake is at a lower level. If one remembers that a
minimum of approximately 500 ce. of air is necessary for tidal air to maintain
adequate ventilation and that the average dead space level of trachen, bronehi,
and so torth is about 150 ce,, it becomes apparent that reduction of dead space
might be a life-saving measure in the critically #il or moribund patient.

Brooo Vesssrs oF me Cuest Wany

Hemorrhage following cither penetrating or nonpenetrating wounds of the chest
is usunlly from the lungs. It is important, however, to consider the possibility
of bleeding trom the intercostal vessels or from the internal mammary arteries.
Bleeding from the i 1 vessels is possible in the nonp ing wound,
but unless assoeiated with fractured ribs it is improbable. Bleeding from the
internal y arteries is ! unless there has been penctration of the
chest wall.

In penetrating wounds the points of entrance and exit of a missile or of a knife
may furnish some clues as to the souree of bleeding from the chiest wall. 1f there
is any possibility of bleeding from the internal mammary vessels, exploration
should be undertaken unless the patient’s condition prectudes any type of surgical
intervention.

If an int 1 vessel is completely divided, 1 tion of the ends of the
vessel into muscle usually results, causing the bleeding to stop. If, however,
there is @ tear in the vessel wall, the movements of respiration mahe it difficult
for clotting to occur and for the bleeding to stop sp ly. Recurrent in-

sly.

tercostal hemorrhage demands exposure and ligation of the vessel.

Svcxve Wousns

Wounds which have penctrated the pleara are usually apparent, but it is
important that if there is any possibility of an opening into the pleural cavity
a sufficient amount of clothing be removed, even under the worst conditions, to
determine the nature of the defect. The necessity for prompt closure of sucking
wounds has long been established and repeatedly emphasized. Openings larger
than the trachea are more dangerous than the small defects, but the consequences
of & sucking wound will depend on the vital capacity of the wounded man. A
small defect in the chest wall of an ¢ldesly patient may easily be fatal, wherens
the young, vigorous subject, whose vital capacity is excellent, may tolerate
amazingly large defects. The extent of associated damage through hemorrhage
in the lung will, of course, be 2 factor in the survival of the patient.

The method employed to close an open wound in the chest will depend on the
conditions under which the wound has ocenrred and the materials at hand. Oc-
clusive dressings may be utilized as a temporary measure if primary suture is un-
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PNEUMOTHORAX

The seriousness and cxtent of pneumothorax following trauma will depend on
the size of the bronchi which have been injured. Minor tears of the parenchyma
and bronchioles will usually seal themselves and a tension pneumothorax will
not develop. However, if a large fefect in the lung has been created with injury
to a good sized bronchus, air leakage may be rapid and fatal if not relieved.

Fic. 3.—A roentgenogram showing a tension
preumothorax. Note the e i
i pocum xtreme shift of the

If a ball valve action is set up allowi i
) p allowing air to enter the pleura and
a tensmn‘pm‘eumm‘homx may be rapidly fatal (Fig. 3). lel)der emer; ;10: 95021[:]?,
h.ons aspiration with syringe and needle should be carried out a dgd T oren
sion by catheter drainage with a water- o eompres-

! . seal attachment accomplished
possible (Fig. 4). If decompression is done, even large defectg wiIle “::1151;0;;51
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should be instructed to inform the operator of any tightness he may feel in the
chest during the course of the aspiration. This sensation will vary considerably in
the individual patient. Sometimes the removal of 200 or 300 cc. of fluid will cause
an uncomtortably tight fecling. In other subjects as much as 700 or 800 cc. or
more of fluid may be removed. The sensation of pressure which may be fol-

Fic. 2R pp of hemothoras after a ing wound of the chest, inflicted
with an ice pick.

lowed by coughing results from i d negativity of intrapleural pressures as
the aspiration proceeds, and the pracedure should be discontinued as soon as this
is noted. The gradual evacuation of the hemothorax may be continued from day
to day or at two day intervals until re-cxpansion of the lung is effected. Failure
to accomplish early pulmonary re-expansion will result in chronic hemothorax
which usually requires open operation and decortication of the lung.
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spontaneously. Relief of rapidly increasing intrapleural pressures is the prime
objective and if this is not accomplished death will result from suffocation.

The principles involved in the treatment of pneumothorax are simple and the
recognition of the condition is easy if the possibility of pneumothorax is con-
sidered. It should be noted, however, that physical examination may be mislead-
ing even in cases of extensive pneumothorax. A roentgen examination of the chest
is essential in all instances of thoracic trauma if possible and is of particular
importance in establishing the presence of pneumothorax.

FracTure oF Broxcrus

It is possible under extraordinary conditions for a good sized bronchus to be
fractured. The division of continuity may be complete or partial. More often
than not associated injury to vessels and viscera will result in a rapidly fatal
outcome, Survival from a fracture of the bronchus is more common in the young
and the following findings should suggest the possibility of a fractured bronchus:
a tension p thorax with fated subcutaneous emphysema and medias-
tinal emphysema with little or no evidence of fractured ribs, a minimal hemo-
thorax in the presence of a tension pneumothorax and, finally, atelectasis of a
Tobe or a lung. Ordinarily a positive diagnosis is not made until after decompres-
sion of the tension pneumothorax and the persistence of atelectasis of the lung
distal to the fracture. If a tentative diagnosis of fracture of a main bronchus is
made an open operation should be performed immediately if the patient’s condi-
tion will permit it.

EMPHYSEMA

Injury to the lung from fractured rib ends may result in subcutaneous emphys-
ema of varying degree. Penetration of the lung at a point at which there is pleural
symphysis will allow the air to take the line of least resistance into the tissues of
the chest wall and particularly the subceutaneous tissues. The air may dissect its
way into the neck, face, and sometimes over the entire body, and although the
patient may have a perfectly horrible appearance, the danger to life if the air
stays in the subcutaneous plane is not great. Several days or weeks may be re-
quired before all of it is absorbed, but the prognosis is good, Emphysema be-
comes dangerous if there is invasion of the mediastinum, which may result in
mediastinal tamponade. This usually results from the injury of a large bronchus.
Difficulty in swallowing and voice changes indicate some medjastinal involve-
ment and should be considered as danger signals.

Simple subcutaneous emphysema requires no treatment. Mediastinal emphys-
ema, if resulting from a tear of the large bronchus, may be treated by an attemy t
to repair the leak, or, if the site of the leak is unknown or the patient’s condiﬁgn
precarious, a cervical mediastinotomy effecting an entry into the pretracheal
and posterior visceral spaces will allow some air to escape and may be life-savin

Subcutaneous emphysema may also be assaciated with a tension preumothor; 5
resulting from a stab wound or bullet wound. If pressures of the air in the pl -
becomes excessively high, the air will seek the line of least resistance and ﬁp Zu'm
way into the chest wall. Relief of the tension pneumot] Hssee.

. 3 horax wil i
tion of air and prevent further lation of . St?p the dissec-
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precautions taken to prevent it. Relief of pain, early ambulation, and vrging the
patient to cough are valuable prophylactic measures. .

1f atclectasis is present it may be necessary to aspirate the tracheobronchial
tree. This can be accomplished by passing a catheter into the trachea and apply-
ing suction, or better by direct visualization of the bronchi through the broncho-
scope with removal of the obstructing material.

TRAUMATIC CHYLOTHORAX

Injury to the thoracie duct is uncommon, as might be espected from the small
diameter and protected position of this structure. Probably some minor injuries
to it are sustained simultaneously with traumatic hemothorax, the diagnosis
obscured by the presence of blood and the chylothorax cured by the same
measures used for control of hemothorax. The causative injury may range from
a severe crushing wound of the thorax to a minimal injury sustained perhaps
several months prior to the onset of symptoms.

When the diagnosis of chylothorax is considered it is readily confirmed by
aspiration of a milky fuid containing a large number of lymphocytes and eosino-
phils with a concomitant reduction of these elements in the circulating blood.

The danger of this condition, aside from the compression phenomena produced,
lies in the rapid starvation which results from losing protein and fat from the
body. For this reason corrective therapy should be instituted as soon as the diag-
nosis is established and must be as energetic as the individual situation requires.

Relief of increased intrapleural pressure is the most pressing consideration.
Repeated aspirations may be all that is necessary, but if successive daily aspira-
tions do mnot result in diminishing quantities of chyle, closed tube drainage
should be instituted, and this is preferable to repeated aspirations.

These methods of therapy, of course, result in the loss of large quantities of
chyle, and vigorous supportive treatment is required. This consists of a high
protein, high vitamin, low fat diet, and transfusions of whole blood. Autotrans-
fusion of the aspirated chyle has been tried with success in some cases, and death
in others (Whitcomb and Scoville). Its use is not recommended.

Depending on the condition of the patient and the amount of chyle obtained
from day to day, it may be necessary to perform an open thoracotomy. Obviously,
if the amount of chyle poured into the thorax remains at a high Ievel for more
than a few days, the patient’s condition will rapidly deteriorate and thoracotomy
should be done befare this cccurs.

There has been considerable controversy (Hodges and Bridges; Meade, Head,
and Moer) regarding the safety with which ligation of the thoracic duct can be
performed, but in an otherwise healthy individual double ligation above and
below the point of injury to the thoracic duct can apparently be done with
impunity anywhere along the course of the duct. This should be done if the duct
is injured during the course of intrathoracic or cervical surgery. It appears that
only where a pathologic process such as a mediastinal Iymphoma exists is the;e
daxger (:If thishpmcedure being unsafe or inadequate.

n aid to the location of the thoracic duct and the inj it i i e
by the patient of a coal tar lipophylic dye, such as Su(;n]ury \© .5 the Ingestion

. an 111, a few ho
surgery. If a green dye is used good color contrast is obtained (K1 epSe:;? blefore



46 MONOGRAPHS ON SURGERY

Radiographic evidence of a localized pneumonitis sometimes follows peripheral
lung tissue injury, as by a through-and-through bullet wound. This is character-
ized by an ill defined area of infiltration which beecomes more sharply outlined
and rounded and then becomes smaller and disappears {Evans). Pathologically
it is due to local parenchymal hemorrhage, Usually no therapy is required for
this manitestation of the wound.

ATELLCTASIS

Depression of the cough reflex iated with tations of blood or
mucus may result in atclectasis of the lung. The extent of the lesion may vary
from total atelectasis involving the entire lung (Fig. 5) to involvement of one
or more of the various pulmonary segments,

The possibulity of atelectasis should always be considered and appropriate

1

Fic. 5. d complete of the right lung.
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superficial appearance of drunkenness arc the result of cerchral anoxia as cardiac
Function is increasingly embarrassed by the tamponade.

Blood or fluid in the pericardium of sufficient quantity to produce a fall in
systolic pressure, narrowing of pulse pressure, and other manifestations of cardiac
tamponade Tequires immediate treatment. There is some difference of opinion
in the details of treatment of traumatic hemopericardium. In the past some
surgeons have insisted on immediate operation. In recent years, Blalock and
others have advocated trials of aspiration of blood from the pericardium to relieve
the pressure and to postponc operation until it is evident that there is a constant
leak of blood. In the past decade there has been a tendency to adopt a conserva-
tive attitude in the case of hemopericardium and try aspiration before an ex-
ploratory operation and suture of the laceration js attempted. The choice of the
conservative or radical approach is not nearly so important, however, as the early
recognition of the condition. Some advantages of preliminary aspiration to relieve
pressure effects are that in some cases the bleeding will stop and with blood
replacement either by intravenous or intra-arterial routes, the patient can be
improved tremendously even if subsequent open operation and suture of the
laceration is necessary. Regardless of the ultimate treatment it is important to
prepare for open operation and aspirations of the pericardium should be done in
the operating room and the patient left on the operating table until it is certain
that further leakage will not occur.

THE MEDIASTINUM

Wounds of the mediastinum from external trauma, e.g,, bullet wounds, stab
wounds, and so forth, are usually fatal if the great vessels are involved. Pene-
trating wounds of the trachea and esophagus may occur without blood vessel
damage and can be treated successfully. Perforation of the esophagus with the
esophagoscope or gastroscope is probably the most common type of injury of all
of the organs located in the mediastinum. Injury to the trachea and main bronchi
with the bronchoscope can oceur, but is rare.

Before considering the various consequences of external and internal trauma
to the mediastinal structures, it is important to review certain anatomic and
physiologic characteristics of the mediastinum which affect surgical intervention,

Surgical Anatomy. In considering the surgical anatomy of the mediastinum, it
should be emphasized that the various compartments are actually potential spaces
and do not become apparent in the living patient unless they contain air or fluid.
Complete anatomic descriptions of the mediastinum are somewhat bewildering,
but the spaces of importance to the surgeon are three in number and are easil ;
defined. They are the posterior visceral space, the pretracheal space, and thﬁ
previsceral space (Fig. 6). ’

(1) Posterior Visceral Space: The posterior visceral space extends from the
level of the retropharyngeal space to the diaphragm. It is apparent that inju
to the esophagus is likely to cause infection of this compartment. me
(2) Pretracheal Space: The pretracheal space extends from th;: neck to th
level of the great vessels and the bifurcation of the trachea. Here it is sthpI;

limited by fascia and infecti f thi i
tomic b m}: ndary, ons of this space will rarely extend beyond this ana-
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WOUNDS OF THE HEART
The heart may be injured either by a penetrating or nonpenctrating thoracie
wound. In most cases, however, heart wounds which are amenable to surgical
intervention are the result of stab wounds with iee picks, knives, and othier small

pons. Through-and-through bullet Is of the heart are nlmost always
fatal.

Severe nonpenctrating wounds may contuse heart muscle and injure it enough

to canse bleeding into the pericardium and produce a cardiac tamponade, The

successful management of wounds of the heart depends on awareness of the possi-
tilities of bireding into the pericardinm and prompt treatment. Obviously if a
wound s in the general rogion of the heart the possibility of cardine damage must
be idered. In this tion, it is important to determine if possible the
type of weapon employed, the Jength of the weapon, and the direction of the
thrust, if it be a steb wound. It is alsa important to remember that small missiles
may be deflected by bone ar soft tissue and follow bizarre patterns of penctration.

Camoiac TAMPONADE

The classic manifestations of cardiac tamponade are o weak, fecble pulse which
3s sapid, decreased systolic blood g , i i venous 7 and narrow-
ing of pulse pressure. Cardine sounds are absent or diminished. The rapidity of
onset of these manifestations will depend Jargely on the volame of blood leaking
into the pericardium.

Tn any patient in whom there is a possibility of a wound of the heast, blood
pressure, pulse pressure, and pulse should be checked at 15 minute intervals
until one can be sure that a cardiae tamponade is not developing, Clinieal impres-
sions of venous pressure may be misleading and the venous pressure may rise to
alarming heights before it becomes apparent on grosy examination.

A roentgenogram of the chest is not helpful and may be misteading as far as
establishing the diagnosis of cardiae tampenade. Since one ravely has knowledge
concerning the size of the cardiac sithouette before wounding, the roentgen film
of the chest will not be of significance until the cardiae silhouette has incrersed
in size appreciably. If one waits until the cardiac shadow, as seen on the roent-
genogram, is disgnostic of fluid in the pericardium the clinical sitwation has
usnally reached 2 dang stage. Examinations with the f pe, g
way be helpful in that an idea of the movement of the heatt can be established.
1t should be emphasized that the dingnosis of cardiac tamponade should be at
feast suspected without the aid of roentgen studies.

In patients with stab wounds of the heazt, there may be an initial period of
unconsciousness a5 a result of the wounding and primary bleeding. This may be
followed by a lucid interval in which conseiousness is regained nnd the wounded
man may even walk about and appear fo have ne serious injury. Subsequent
bieeding eauses the tamponade to increase and a second period of unconscions-
ness will occur and if the Jesion is not relieved denth will certainly follow. It is
jmportant to note also that during the lucid interval the patient may appear to
be i i d or even iacal. And if the ded man has been drinking, the

entire clinical pieture may be grossly mistending. The incal tendencies and
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superficial appearance of drunkenness arc the result of cerebral anoxia as cardiac
function is increasingly embarrassed by the tamponade.

Blood or fluid in the pericardium of sufficient quantity to produce a fall in
systolic pressure, narrowing of pulse pressure, and other manifestations of cardiac
tamponade requires immediate treatment. There is some difference of opinion
in the details of treatment of traumatic hemopericardium. In the past some
surgeons have insisted on immediate operation. In recent years, Blalock and
others have advocated trials of aspiration of blood from the pericardium to relieve
the pressure and to postpone operation until it is evident that there is a constant
leak of blood. In the past decade there has been a tendency to adopt a conserva-
tive attitude in the case of hemopericardium and try aspiration before an ex-
ploratory operation and suture of the laceration is attempted. The choice of the
conservative or radical approach is not nearly so important, however, as the early
recognition of the condition, Some advantages of preliminary aspiration to relieve
pressure effects are that in some cases the bleeding will stop and with blood
replacement either by intravenous or intra-arterial routes, the patient can be
improved tremendously even if subsequent open operation and suture of the
laceration is necessary. Regardless of the ultimate treatment it is important to
prepare for open operation and aspirations of the pericardium should be done in
the operating room and the patient left on the operating table until it is certain
that further leakage will not occur.

THE MEDIASTINUM

Wounds of the mediastinum from external trauma, e.g., bullet wounds, stab
wounds, and so forth, are usually fatal if the great vessels are involved. Pene-
trating wounds of the trachea and esophagus may occur without blood vessel
damage and can be treated successfully. Perforation of the esophagus with the
esophagoscope or gastroscope is probably the most common type of injury of all
of the organs located in the mediastinum. Injury to the trachea and main bronchi
with the bronchoscope can occur, but is rare.

Before considering the various consequences of external and internal trauma
to the mediastinal structures, it is important to review certain anatomic and
physiologic characteristics of the mediastinum which affect surgical intervention.

Surgical Anatomy. In considering the surgical anatomy of the mediastinum, it
should be emphasized that the various compartments are actually potential spaces
and do not become apparent in the living patient unless they contain air or fluid.
Complete anatomic descriptions of the mediastinum are somewhat bewilde
but the spaces of importance to the surgeon are three in number and are
defined. They are the posterior visceral space, the pretrache:
previsceral space (Fig. 6).

(1) Posterior Visceral Space: The posterior visceral space extends from th
level of the retropharyngeal space to the diaphragm. Tt is apparent that inj y
to (t;);y Ie’sophagus is likely to cause infection of this compartment. R

retracheal Space: The pretr: -
level of the great ve[;sels and tlrl)e bi?sil::tlio?icfetﬁztf: o the ‘ne'ck o the
achea. Here it is sharply

limited by fascia and infections of thi i
tomie boniteey is space will rarely extend beyond this an,

Ting,
easily
al space, and the
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(3) Previsceral Space: The previsceral space may be involved in a general
mediastinitis, but is infrequently the site of an isolated infection. It is conceivable
that contwnination from operations of the neck might cause this to happen; or a
stab wound at the Jevel of the sceond rib anteriorly.

1t is apparent from the anatomic position of these compartments that drainage
may be eltected either through the neck or by transthoracic route. Unless the
infection or injury is known to be in the lower portion of the thorax, the cervical
approach is usually adequate,

Retrapharyngeal space

Previsceral spoce

Thyrord

¥ hea! space

Ascending aorta:

e
ORI

Jastinal

Fio. 6.—A dagrammatic drawmg of the

spaces of particul, ta the
surgeon.

Physiclogic Consideratigns. Injury to the trachea or esophagus may result in
mediastinitis or mediastinal tamponade or both. If the mediastinal pleura remains
intact, leakage of air and fluid in a closed space may praduce rapidly fatal
amponade. The clinical i ions are similar to those of cardiac tamponade
plus the presence of subcutaneous emphysema in the neck and chest wall. A

tear in the mediastina} pleura at the time of injury will ailow the air to enter the
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pleura, producing a pueumothorax. Injurics of the trachea or main stem bronchi
will result in a rapid production of subcutancous emphysema. Air leakage from
esophageal wounds is slower. In the case of suspected or proved mediastinal
tamponade, decompression by mediastinotomy is a real surgical emergency. This
may be accomplished by a cervical or thoracic mediastinotomy, depending on the
level of the injury.

Mediastinitis. Contrary to older opinions the mediastinum has considerable
resistance to infection. There should be no hesitation in performing medias-
tinotomy if there is any chance of perforation of the esophagus or trachea.
Procrastination, which may allow the development of a generalized mediastinitis,
usually results in a fatal outcome. In this connection it is important that the
various antibiotics may diminish the severity of the mediastinitis but will not cure
it and do not alter the basic principles of the immediate drainage of suspected
or proved mediastinitis.
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Incontinence in the Female: Infroduction
JOE V. MEIGS, MD.

HE SIX PAPERS in this section dealing with incontinence of urine in the female
Tare an excellent indication of the difficulty of the treatment of this unfortunate
condition. Lack of urinary control when coughing, ing, or ising is a
miserable thing for these afllicted women. No doubt many simple surgical pro-
cedures will cure or relieve the situation but failures are not uncommon after the
most careful treatment of the so-called sphincter muscles. In this symposium an
attempt has been made to present the physiology of incontinence and the etiology
of lack of control and the cure—both medical and surgical. In many instances
exercise, as suggested by Kegel, will suffice, but in other instances his exercises
may be necessary to strengthen the muscles both before and after a surgical
procedure, It has always been my feeling that proper support of the internal
sphincter muscle will eventually allow it to regain its tone and thus relieve the
incontinence. In other words, it is the internal sphincter muscle which is weak-
ened and stretched, The roof of the urethra behind the symphysis is not loosened
from its tight fascial and connective tissue support by birth or other injuries, but
the floor of the urethra at the internal sphincter area is loosened by tears at child-
birth and by prolapse, cystocele, and urethrocele and thus cannot close sufficiently
to control the outlet of fluid (urine). The replacement of the floor of the urethra
thus giving the sphincter muscle the opportunity to regain its tone will cure the
difficulty, provided the support is sufficient and a recurrence of the stretching
does not occur. With the finger pressed lightly on the urethra, incontinence on
coughing or sneezing will not take place. Thus it is evident that a sling operation
or 2 build-up from below will relieve the incontinence, provided this Ppressure
can be made constant. Each one of the following papers describes each author’s
method of applying pressure to the neck of the bladder and the internal sphincter
mechanism, thus curing the fallen urethral floor. Each of the methods of treat-
ment and explanations of the cause of {ncontinence is in the main based on
proper support of the internal sphincter. This then is the essential part of the
surgery for incontinence, What is the most satisfactory method to hold up the
Hoor of the urethra and thus stop the stretch of the internal sphincter?

The six following papers are written by experts and without doubt will suggest

to us some way to attack the discouraging problem of incontinence of urine of
the stress type.

wq



The Etiology of Urinary Siress Incontinence
5. RICHARD MUELLNER, M.

FINARY STRESS INCONTINENCE was formerly ascribed to torn urethral sphincters
U as a result of chilidbirth or to obstetrical injury of the bladder supports. In
recent years, a number of investigators, among them Ingelman-Sundberg, Millin
and Rmd and Trahey and Pacey, independently of each other, have surmised
that stress incontinence is due to the descent of the bladder neck. It has been
difficult, however, to prove the precise pathologic physiology of urinary stress
incontinence, beeause the mechanisms responsible for wrinary control in women
were not at all clear, Nor was it krown how normal women initiate and stop the
urmary stream at will, Until these bmc prablems were solved, the eause of stress

of ined obscure.

In 1945, a study of the physiology of micturition was initiated at the Beth
Israel Hospital {Boston), utilizing the direct observation of the bladder on the
fluoroscopic sereen. The results of this study clarified the basic principles of the
physiclogy of micturition. Once the vormal physiology of micturition and of
urinary control was established, the precise lesion of urinary stress incontinence
could be readily d d {Muellner; Muellner and Flejscl

The technic of bladder fluoroscopy is quite simple. The bhddcr is first filled
through a no. 16 F. catheter with a contrast medium consisting of a 5 per cent
solution of sodium iodide to which a 20 ce. ampule of aqueons s diodsast (33 per
cent by volume) had been added, After 200 to 230 cc. of this mixture are instifled,
the eatheter is withdrawn. The bladder is then observed with the subject supine,
standing, or turned to one side or to the other. The effect of coughing and strain-
ing on the bladder and on its supporis, zmd the events at the bcgmmng of mic-
turition and when it is delil pped are then 1y observed. SP"‘
§lms are taken from time to time. A specially designed urinal, made of lucite, is
used to obtain an unobstructed view of the bladder during micturition (Fig, 1).

PHYSIOLOGY OF MICTURITION AND OF URINARY CONTROL IN
NORMAL WOMEN

In the normal nullipara, while recumbent, the bladder sithouette as seen on
the Huoroscopic screen is like that in Fig. 2. The bladder base line is located near
the upper border of the symphysis pubm This position of the bladder is mam—
tained when the subject stands up, Op coughing the impulse from the §
intra-abdominal pressure is dissipated along the dome and to the sides of the
bladder. The bladder base is, however, vesilient and remains well supported.

Compared with its position in the nulliparg, the bladder sits slightly Jower in

54
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the pelvis of the continent multipara while she is supine. The erect posture and
sudden stress have a similar cffect on the bladder, except that the bladder base
sinks somewhat lower in the pelvis on standing. On coughing and straining the
entire bladder basc descends as a result of the sudden increase in intra-abdominal

e iy

Fic. 1.—Lucite urinal. Note the long handle.

pressure. The bladder supports in the continent multipara a

bla are theref,
relaxed and yxelfimg than they were before childbirth 111’:\(1 caused ﬂrleex(r)xretun;me
some of their original tone. Nevertheless, mere general relaxation of the bl dSS&
supports does not impair urinary contral (Fig. 3). adder
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When the normal woman is asked to void the first visible step in voluntary
micturition is not a contraction of the detrusor, as we have heen led to believe,
but consists rather of a “downward tug” in the region of the internal sphincter,
This “downward tug” is actually a “downward push” of the internal splhincter
and is brought about in the following manner: The thoracie diaphragm is fixed
at the end of a bricf inspiration and the Jower portion of the abdominal wall is

S

Fic, 2A~Disgram of the bladder of 2 mullipara in recumabent position.

e

Fic. 2B-Diagram of the bladder of a nulfipara in the erect position. Note that the bladder
has Battened out hat, but that 1t maintains the same relationship to the symphysis pubis,

d. These two r5 increase intrz-abdominal pressure, which is
directed precisely toward the internal sphincter. It is not generally appreciated
that man accurately directs his intra-abdominal pressure toward the bladder neck
for micturition, and toward the anus for defecation. The pelvie floor becomes
relaxed so that the internal sphincter is pushed downward in the pelvis and thus
becomes the most dependent point of the bladder (Fig, 4). The “downward
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Fre X

4

Fic. 2D.~The same nullipara, erect. Note that the bladder mainta

to the symphysis pubic. s the same relationship



Fic. 3A.—Rladder of a multipara who has good urinary control, recumbent.

Fic. 3B.~Bladder of the same patient in the erect position. The base of the bladder sits lower
in the pelvis; the internal sphincter is well supponcd B
58
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push” of the bladder neck (internal sphincter) is a stimulus for the detrusor to
contract. The contraction wave which starts at the bladder neck can be seen to
spread symmetrically and bilaterally, first to the bladder base, then to the sides,
and lastly to the dome of the bladder. The contraction of the detrusor causes a
reciprocal opening of the internal sphincter and micturition proceeds.

O

Fic. 4A.—Diagrammatic presentation of the steps in voluntary micturition: The bladder at rest.

=

Fic, 4B.—Begmning of voluntary mucturition Note how the internal sphincter has been
pushed down.

The reflexes of micturition are thus initiated at will by a group of striated
skeletal muscles which are somatically innervated. Of these, the muscles of the
pelvic floor are the most important. The muscle which is particularly significant
for micturition is the pubococcygeus which constitutes the anterior portion of the
levatm: ani. The pubococcygeus is a paired skeletal muscle. It is in intimate con-
;:Ct with the bladder base and surrounds the urethra in the female, It is pierced

y the urethra in much the same way that i ; ;
diaphragm_ y that the esophagus pierces the thoracie

Deliberate interruption of the urina i

r ry stream is brought about
compression of the external urethral sphincter, as was taugght in the p:(:: Eﬁtt]};e
ast, y
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ONO

Fic. 4C.~The bladder during micturition: Note that the detrusor has contracted. The internal
sphincter is open and the urinary stream proceeds.

Fic. 4D.~Bladder at rest in a nullipara with normal urinary control.
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Fic. 4E.—~Beginning of svoluntary micturition. Note that the internal sphincter has been

pushed down.

Fic. 4F.~Micturition: Note that the detrsar hoe mmtce s = =
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ONO

Fre. 4C.~The bladder during micturiton: Note that the detsusor has contracted, The interndl
sphincter is open and the urinary stream proceeds.

Fra. AD.~Bladder at rest in 3 pullipars with normal urinaty control.
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severity over a period of years and sometimes within a period of months. This is
particularly apt to occur after rapid gain in weight, The increased severity of
incontinence is due to the fact that the fibers of the unsupported internal sphincter
bearing unaided the weight of the pelvic organs and coping with the forces of
gravity become at d. On the flue pic screen, the internal sphincter is
now scen to have lost much of its snap and tonicity. The sphincter is more readily
forced open, and in yielding to the force of stress opens more widely, permitting
the escape of a large stream of urine (Fig. 10).

NSNS

Fic. 5A.—Urinary stress incontinence: The outline of the bladder during recumbency.

ONO

Fic. 5B.~Outline of the bladder in the erect position. Note the descent of the internal sphi
and the pointed bladder base. The internal iphinctsr is now the most E;Ir)‘eflr;:nlsg:irxll?zf
the bladder.

In addition to the weakening of the internal sphincter, in severe cases of stress
incontinence, progressive loss of tonicity of the pubacoccygeus muscles adds to
the severity of the symptoms, and the ability to stop the urinary stream promptl
decreases. The internal sphincter sits low in the pelvis; it is readily pushedpfa);
down, and opens widely on sudden stress, thereby precipitating reflex contractio
of the detrusor, so that true micturition ensues. It is for this reason that wom .
with severe stress incontinence lose their entire bladder contents on stress “

Two factors, therefore, make stress incontinence worse: (1) the ronr-es ive
weakening of the unsupported internal sphincter; and (2) the continlllxe(i’ ! S“(;
tone of the pubococcygeus muscles. These factors must be kept in mind i th
management of such cases. Pt in mind in the
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a much larger mancuver which consists of the contraction of the entire levator
ani, including the puboroceygeuns.

On the fluoroscopic scrcen one can cleasly sce the bladder base to be sharply
Jifted up when micturition is deliberately stopped.

As soon as the bladder base is clevated, the internal sphineter snaps shut, and
the stream is interrupted first at this point.

The pelvic floor muscles, i, the levator ani and the pnbmrﬂ.c)y_us are thus
seen to have a fourfold important physiologic function; (1) They initiate mictusi-
tion at will; {2) they are utilized to stop the urinary stream; (3) they form a fiem
support for the internal sphincter and the Dladder hase; (4) they take up the
added gravitational strain induced by the erect posture, which amounts to 10 to
12 mm. of mercury, together with any additional sharp increases in fntra-abdomi-
nal pressure resulting from sudden exertion.

The mechanism of urinary contsol in normal women therefore consists of two
parts. First, there is the internal sphincter which, in tonic contraction while the
detrusor is selaved, effectively shuts the bladder off, and, second, the pubo-
coceygeus which firmly supports the internal sphincter and protects it against
the effects of gravity and unusual stresses. The esternal urcthral sphincter is not
important in women. More than two thirds of the distal urethra can be excised
without impairing urinary control.

PATHOLOGIC PHYSIOLOBY OF URINARY STRESS INCONTINENCE

If we now compare the unnary control mechanism in continent women with
that of patients with stress incontinence, the reason why urine is lost will at onee
become apparent,

While recumbent the woman with stress incontinence has a bladder shape
much like that of the continent multipara. The internal sphincter is normally shut
off and shows no evidence of injury or deficiency (Figs. 5 to 10). I the fluoro-
scopie table is now elevated, the mere erect posture is seen to produce a charactes-
istic change in the eystogram. This has been present in every case of incontinence
examined ta date and can, therefore, be said o be typical of stress incontiaence.

While the bladder base now descends in the pelvis as a whole, it is specifically
the region of the internal sphincter which drops even more and becomes the most
dependent point of the bladder,

The bladder base now assumes the “pointed” appearance, characteristic of
the bladder poised for micturition. Little further descent is now necessary fo
open the fnternal sphincter and 2o allow a jet of urine to escape. This is indeed
what happens when the patient coughs.

Urinary stress incontinence is thus seen to be due to a specific weakness of the
pubococeygens musele which permits the intemal sphincter to herniate between
its fibers, The lesion of stress incantinence is therefore not a general weakness
of the bladder supports but a particular one, affecting especially the bladder neck.
The internal sphincter, deprived of the support of the pubococcygeus which it
needs in the erect pasxure to i now depends entirely on its
own integrity for urinary control.

1t is a common clinical experience to see mild stress incontinence fncrease in
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Fic. 7B.~Same patient, erect, not straining,
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Fic. 6A.~Unmnary stress incontinence: patient recumbent,

Fic. 6B.—Same patient in the erect position, not straining.

— s
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Fic. 9B.—Bladder of the same patient when erect, but not straining.

&7
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Ay
by N

Fic. 10A.—Severe stress incontinence: the bladder at rest. Note that the internal sphincter is
normally shut off.

Fic. 10B.—Bladder of the same patient during coughing. Note the marked descent of the
bladder neck. The internal sphincter has been forced open and a large unnary stream escapes.
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Fic. 10C.—Bladder of the same patient. Note that the cough has precipitated a detrusor
fon and true micturiti d

P

Kegel's Perineometer, which presumes by means of exercises to increase the
tonicity of the levator ani muscle, is thus based on sound physiologic principles.
In the absence of this apparatus, improvement in tone can be gained by instruct-
ing the patients “to stop and to start” the urinary stream during each micturition.
When they become conscious of the action of the pelvic floor muscles, patients
can be taught to contract them for brief periods at intervals during the day.
These exercises are more likely to be of value in the milder cases of incontinence.

The cause of urinary stress incontinence in young girls and nulliparous women
has remained a mystery. These patients have excellent bladder supports in the
recumbent and erect positions, and no abnormal mobility of the bladder neck
can be demonstrated. Bladder fluoroscopy shows the weak urinary control in
these patients to have a somewhat different etiology. In the supine position the
bladder shadow appears to be normal in every way. On standing, however, there
now appears a deep dimple in the region of the internal sphincter (Figs. 11 to 13).
Occasionally the internal sphincter shows a “funnel-like” deformity. These pa-
tients then have a congenital weakness in the structure of the pubococeygeus in
the midline through which the bladder neck herniates, When they cough, the
unsupported internal sphincter is readily pushed open and a jet of urine can be
seen to escape, demonstrating once more that a well supported bladder base and
a bladder neck which is not abnormally mobile will not guarantee perfect conti-
nence, but that support of the internal sphi is y to achieve this.
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Urinary contral and micturition make peculfar demands on the internal
sphincter. The sphincter must have mobility to descend and rise frecly in the
pelvis with each wicturition, On the other hand, it must have a fiem support for
urinary contral. All the aperations in use today to cotrect stress incontinence tend
to clevate and to fix the internal sphincter, While such operatious relieve the
incontinence, they do not restore entirely normal mechanism of urinary control
and actually interfere with physiologic mictursition, Morcover, repeated attempts
to press the internal sphincter downward for each micturition eventually break

S

Fie. 11A~Congenital stress incontinence: outline of the bladder duemg recumbency,

S

Fic. 1B.~Congemtal stress incontinence. crect position; funncled bladder meck,

down the operative repair. Fascial shings become stretched and restraining
sutures which hold the bladder neck up become attenuated. 1t is for these reasons
that urinary coutinence tends to deteriorate eventually after a good immediate
postoperative result.

The ideal operation which, while restoring continence would not interfere with
the needs of the bladder neck for micturition, has as yet not been devised and
untit it is, it wonld be wise to tum our attention toward means of preventing
distressing urinary incontinence and to treat the symptoms before they became
severe.
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Fic. 12B —Bladder of the same patient in the erect position.

Note the downward herniation
of the internal sphincter,
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Fic. 13A.—The bladder in congenital stress incontinence with the patient in the recumbent
position.

Frc. 13B.—Same patient when erect. Note the pomted appearance of the bladder neck.
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Operative Technic for Stress Incontinence ..
of Urine in the Female
WILLIAM T, KENNEDY, M.D,

HE OPERATIVE TREATMENT for stress incontinence entails the restoration and

maintenance of those structures which previously prevented urine escaping
from the bladder.

Three axioms must be remembered:

(1) The true sphincter consists of the longitudinal and circular smooth
muscles surrounding the inner two thirds of the urethra, This sphincter functions
only when it is circular. Any distortion, either voluntary or involuntary, allows
urine to escape from the bladder.

(2) The bladder and inner two thirds of the urcthra are intimately cnveloped
m an endopelvic fascial sheath, The bladder and trigone lie loosely on the anterior
vaginal wall, but the urethra and vaginal wall are intimately interwoven. The
plane between the bladder and vaginal walls is loose connective tissue and allows
the bladder to be easily separated from the wall. One constantly speaks of this
as a cleavage plane.

(8) When the muscle of micturition contracts, it opens the true sphincter and
allows urine to escape from the bladder. Conversely, when its opponent (levator
urethrae, transversus perinei, and bulbocavernosus) museles contract, they over-
come the muscle of micturition and prevent the escape of urine.

Two procedures must be carried out:

(1) The urethra must be lengthened and replaced within the pelvis to restore
the lost tunctions of the levator urethrae, the transversus perinei, and the bulbo-
cavernosus mascles,

(2) A complicating cystocele must have the tear in the endopelvic fascia on
the inferior bladder wall repaired to give the bladder permanent support.

OPERATION

(1) Expose the cervix, the anterior vaginal wall, and the urethra with a
weighted vaginal speculum.

(2) Grasp the cervix with a tenaculum.

(8) Incise the anterior vaginal wall medially in front of the cervix to enter
the loose connective tissue plane (the cleavage plane) lying between the bladder
and the wall (Fig. 1).

(4) Dissect the bladder bluntly from the vaginal wall with a sponge forceps,
carefully following the cleavage plane up to the internal meatus of the urethra
and from one ramus to the other.

T4
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(5) Continue the median incision of the wall as high as the dissection.

(6) Remove the urcthra from the vaginal wall to a point about 1 em. from
the esternal meatus.

(7) Bluntly dissect, with a sponge forceps (along the cleavage plane), the
bladder from the tissuc covering the ramus. Adhesions of the bladder and urethra

to the ramus which may be causing permancnt incontinence will have to be
excised, Carry the dissection up into the paravesical space.

(8) Repeat the disscction on the opposite side.

(9) Scparate the urethra laterally completely from the ramus.

(10) Do not disturb any superior support of the urethra to the symphysis.

(11) Ligate all actively bleeding vessels.

(12) Push the cervix deep into the vagina.

(Steps 13-18 constitute the procedures necessary to restore the floor of the
bladder, to attach the bladder to the cervix, to lengthen the urethra, to thicken
its inferior wall, and to tighten the true sphincter of smooth muscle.)

In all plastic procedures carcfully remove all fibrin and blood clot before tying
the sutures.

(13) Plicate the bladder wall in the median line with interrupted mattress
sutures of No, 00 catgut placed about 1 em. apart,

(14) Identify the ragged margin of the fascia endopelvina which should be
about 1 cm. lateral on cither side of the tied sutures.

(15) Approximate the opposite sides of this fascia endopelvina in the median
line by interrupted mattress No. 00 catgut sutures placed about 1 em. apart. (This
double plication serves twa purposes: (a) it restores a normal floor to the base
of the bladder, and (b) it makes 2 median splint beneath urethra and bladder.
thus giving the urethra increased length and a tighter true sphincter. )

(16) By a single suture attach the innermost end of the fascia endopelvina
tissue of the bladder to the cervix anteriorly, about 2 em. from the internal os.

(17} Estimate the amount of excess vaginal wall present and excise the un-
necessary tissue.

(18) Beginning at the cervix, close the vaginal wall medially with No. 00
catgut sutures.

(Steps 19-23 are essential to restore the lost function of the levator urethrae
muscles by replacing them as nearly as possible to their pre-damaged position
where they normally kept the urethra high within the pelvis. Here they exert
the maximum force to lift the urethra into the pelvis.)

(19) Identify the dimple on one side, then grasp the vaginal wall with an
Allis clamp, having one jaw in the dimple. Be sure that traction on the clamp
pulls the levator muscle; if it does not, move the clamp higher until the end of
this levator is stretched with traction.

(20) PassaNo. 1 catgut suture in through this tissue above the clamp.

(21) Repeat procedure 18 on the other side and pass the “u” s

k g end of the
catgut out through this tissue above the clamp.

EE‘:; 1];u1¥ on the ends of the catgut to approximate the dimples.

2 stimate the excess vaginal wall and liberally excise the v

aginal wall
that when healing takes place the dimples will be held quite cl ginal wall so

osely together.
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A little experience is necessary to estimate the optimum amount of tissue to leave
here.

(Step 24 describes the reconstruction of the transversus perinei (urethral por-
tion) to enable it to exert its maximum force to hold the urethra in the pelvis.)
The transversus perinei muscle with its fascial sheath is probably the most im-
mobilizing support of the urethra.

F16. 9.—A vitallum retention urethral catheter held in place by a vitallum holder kept in the
vagina by ight fodoform packing, (U) urethra; (S) transversus perinei suture; (CT) catheter;
(CH) catheter holder; (IG) iodoform gauze.

(24) Excise a wedge from the “curtain” in the midline. Determine the optimum
amount of tissue to leave so that this muscle may possess maximum function.
Approximate the remaining ends with one or two interrupted No. 0 catgut sutures.

(Step 23 describes the restoration of the bulbocavernosus muscle to give it its
maximum force fo push the urethra back into the pelvis.)

(25) The bulbocavernosus muscle can be shortened to become most effective
only by repairing the permeum To do this, the ends of this muscle must be
exposed during the perineal di: ion and then app d in the midline
by No. 0 catgut sutures.

(26) After a careful reconstruction of the tissues as indicated it is important
that manipulation or stretching of the urethra, vaginal bladder wall, and perineum

or vaginal orifice should be avoided. Cath ization freq ly d ges the
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plastic repairs, To avoid this the writer uses a self-retaining vitallium catheter
which can be left in place for four or five days.
27) Irrigate the catheter and bladder occasionally if indicated. The writer
rarely docs this.
(28) Clamp the catheter and fasten the clamp to a waist belt when the patient
gets out of bed.
(29) Remove the catheter and holder about the sixth postoperative day.
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The Vaginal Approach in the Surgical

Treatment of Stress Incontinence

With Special Reference fo Certain Factors Necessary
to the Cure of this Condition

INGLIS F. FROST, M.D.

nLLY v jus Practice of Gynecology, published in 1928, stated: “The Hst of
K operations devised to overcome incontinence is legion, mostly unsuccessful
but oceasionally, terpornsily at Teast, affording some control.”

An editoria} footnote appearing in the Year Book of Obstetrics and Gynecology,
1950 on an operation for stress incontinence states; “The appearance of new
operations for stress incontinence year after year indicates that no one is entirely
satisfactory. Generally it 1s best to attempt to cure these patients by the Kefly
operation. If this fails one must resort to more extensive operations, preferably
through the vagina, with or without fascial strips.”

These two statements, made within a perfod of 22 years, arc strikingly similar,
and the natural conclusion would indicate that pelvie surgeons are still seeking
an ideal operation for the cure of stress incontinence,

An operation of this type would be impossible to achieve on account of the
variabiltty of the causes and the degree of damage found in this condition.

While it is true that many operations which have been devised in the past few
years have proved successful, the incidence of operative failures still remains
high. Statistics show either o partial or total failure of about 10 to 20 per cent.

Despite the fact that lack of success in the cure of many paticats is still a
common occiurence, decided progress has been made toward a better under-
standing of the underlying causes of stress incontinence and anatomic relations of
the urethra and bladder. This has led to improvement in operative technic and
the end-results of today are vastly superior to those of 20 years ago.

The largest percentage of failures occurs in the primary operative group of
patients. Many of these need several operative attempts before a cure is effected.
1f it were possible to “cure the first case first” there would be less necessity for
the more radical type of surgery.

The reeperative case presents added problems; the eriginal cleavage planes
become obhterated and the formation of scar tissue makes for difficult surgery.
It is in this type of case that the operator is forced to seek extra support for the
urethra and bladder by the use of muscle or fascial slings.

There are numerous reasons why the primary operation fails; many of these
should and could be aveided. .

The fact that women vary greatly in museular tone of the periurcthral and
perivaginal muscle tissue is one reason for accountable failures. All gynecologists
have had the experience of performing a surgically correct plastic operation, only
to be disappointed in the end-result, .

Kegel has demonstrated that many patients need reactivation and regeneration

82
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of their urethral and vaginal muscles prior to operation; otherwise failure may
occur.

A further cause of failure is either a negleet to suture the vesical neck of the
bladder, or, if sutured, to place the Kelly stitch too far distant from the vesical
sphincter to be of value. The use of a single suture at the vesical neck is more
often doomed to failure than success. One suture in this region many times fails
to reduce the caliber of the urethra or vesical sphincter; also, it is inadequate in
restoring the urcthra to its normal posterior position.

Failure may be the result of an improper selection of operation for the type of
incontinence, as, for example, it may be better judgment to use a sling type of
operation primarily, rather than attempt to cure the patient by plastic repair
alone.

It is probable that the largest number of failures is due to a lack of knowl-
edge and understanding of the proper cleavage planes of the vagina, urethra,
and bladder, with resultant failure to use these planes to the best advantage in
securing the maximum support and position of the vrethra and bladder.

The patient who presents herself with a history of a lack of urinary control
should have a thorough gynecologic, urologic, and neurologic examination. This
examination should differentiate the nonoperative type of case from the opera-
tive. It should be kept in mind that many conditions may cause dribbling of
urine which is not true stress incontinence.

Urethritis, trigonitis, urcthral polyps, and urethral caruncles may cause drib-
bling but these are local conditions which belong in the realm of the urologist.

Other conditions causing incontinence but not in the operative category would
be the neurologic bladder, cystologic infections, hematologic bladder conditions,
and intrapelvic tumors.

Cases of stress incontinence requiring operation are generally the aftermath of
child-bearing. but are often associated with such contributing causes as con-
genitally weak tissues, poor muscle tone, and postmenopausal tissue atrophy.

To effect a cure in stress incontinence one must possess a thorough knowledge
of the histologic and anatomic relations of the vagina, urethra, and bladder and
their muscular correlations; also their relation to the surrounding supportive
voluntary pelvic muscles.

In general, most observers agree on the musculature of the bladder and urethra
but there are differences of opinjon as to the arrang of these muscle: espe-
cially those of the urethra and their mode of action.

Kennedy describes the muscle which allows the urine to escape from the
P\adder as a striated muscle and calls it the “muscle of micturition.” It is, accord-
ing to Kennedy, “an oblique purse-string muscle which obliquely surrounds the
urethra and %ms a double origin of which each is loosely attached to the periosteum
2§(:s};:sﬂr;l\:€n0:hsurfacehof the ramus of .the pubis: From these origins the muscle

obliquely :r:d meinu;et ra and enters its wall; it then.tm\'/els posteriorly and
gles with the smooth circular and longitudinal muscle fibers of

the urethra and finally becomes inserted by two fingers into the u.
v twre ers int f
T y y g musculature o

. Opposing !his muscle of micturition is the true sphincter of the urethra. This
is 2 smooth tissue muscle which surrounds the inner two thirds of the urethra
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It is made up of both circular and longitudinal fibers, the longitudinal fibers being
to the inner side of the circular fibers.”

Kennedy states: “When the muscle of micturition contracts, it changes its
contour from an oblique to a circular shape and in so doing the urethra becomes
distorted, causing the circular true sphincter to assume an elliptical shape. When
this takes place the inferior wall of the urethra, at the region of the inner third,
moves forward until it is directly under the middle third of the superior wall.
The trigone then moves to a position under the superior wall of the inner third
and the urine is thus allowed to escape from the bladder.

“The surgical procedure necessary to correct this condition must be to lengthen
the urethra and replace it as far within and as high in the pelvis as possible. This
will allow the true sphincter of the urethra to again assume its normal circular
shape and the muscle of micturition to regain its oblique contour when it is in
relaxation,”

According to Kennedy, “The muscles which restore to the true sphincter its
original control are the levator ani muscles which, being in close approximation
to the urethra near the junction of its inner and middle third, lift its lateral walls
up and within the pelvis. The bulbocavernosus muscle aids by compressing down-
ward and inward the outer third or glandular portion of the urethra and the deep
transversus perinei muscles lend support to the urethra at the junction of its
outer and middle third.

“At the time of voiding these muscles relax and by so doing allow the muscle
of micturition to draw the urethra into its voiding state; consequently any opera-
twve procedure for the correction of incontinence must take into account the
actions of these muscles and restore them so that they may regain and maintain
their function.”

Ricei recently published a histologic study of the urethra, based on a study of
21 urethras ranging in ages from a four months fetus to a 77 year old woman.

Anatomically, Ricci divides the urethra into three parts—upper, middle, and
lower thirds. He states: “The musculature of the upper third is in reality an
extension of the muscle of the lower portion of the bladder. There are three layers
of muscle at this portion of the bladder and urethra, an outer longitudinal, a
middle circular, and an inner longitudinal. The middle muscle is more heavily

developed than either the outer or inner longitudinal muscle, while the inner at
times may be absent altogether. The middle circular muscle encircles the lower
portion of the bladder and is very prominent at the internal urethral orifice and
upper portion of the urethra, Posteriorly, this circular muscle fuses with the
fibromuscular trigone and urethrovaginal wall. The middle third of the urethra
has an outer muscle bundle which is striated in character and circular surround-
ing this part of the urethra and tapers off at the ends. The middle urethra also
has an inner layer of involuntary muscle. The lower third of the urethra is made
up mostly of fibrous tissue. The whole urethra is composed of an inner layer of
mucous membrane, next to it a substantia propria with elastic fibers and blood
vessels, the lower end being extremely fibrous in character. At the urethral orifice
there are glands and Skene’s ducts.”

These two anatomic studies of the musculature of the urethra and bladder are
at variance. Kennedy’s concept of the “muscle of micturition” may be correct and
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could be the answer to the cause of stress incontinence, but, whether it is or not,
one factor is certain~the importance of “putting the internal urethral meatus as
far back in the pelvis as possible,” as Kennedy has stated.

In 1931 Goff published his treatise on the perivaginal fascia in a nullipara and
showed by histologic sections that there is no tissue between the walls of the
vagina, urethra, bladder, and rectum which can be called fascia as the term is
aenerally understood. He further demonstrated that there s an absence of areolar
fascia between the urethra and the anterior wall of the vagina, but there is a
loose areolar fascia, or tissue, between the anterior vaginal wall and the bladder
and also an areolar fascia betwcen the posterior vaginal wall and the rectum.
“These two loose areolar fascias unite on either side of the vagina to form the
perivaginal areolar fascia.” ’

This perivaginal areolar tissue (fascia) continues upward on either side of the
vagina and becomes continuous with the areclar endopelvinia connective tissue
on either side of the urethra and bladder and passes under the true ligaments of
the bladder and to the inner side of the levator muscles,

The work of Goff has been corroborated by many histologists and gynecolo-
gists. Ricei bears out Goff's findings and points out the definiteness of the fusion
of the urethra to the anterior vaginal wall. He states: “This fusion is from the
base of the trigone to the eternal urethral orifice. It forms a compact urethro-
vaginal wall completely integrated into ome solid structure by interweaving
connective tissue and elastica. Interweaving is so intimate that it is difficult to
distinguish the muscle component of the vagina from that of the urethra. The
upper urethra and the trigonal area of the bladder are surrounded by a muscular
coat of variable arrangement. The trigonal area of the bladder and upper vagina
remain tightly fused. The cleavage plane between the bladder and vagina is
packed with loose areolar tissue. The lowermost part of the vesico-uterine fold
usually reaches the level of a plane passed between the interurethral ridge and
upper vagina at the fornix. Rarely it extends beneath the trigone as far as the
internal urethral orifice.”

‘This loose areolar fascia, or areolar connective tissue as it should properly be
termed, forms the natural planes of cleavage which should be followed in any
approach in vaginal plastic surgery and in any operations for stress incontinence
by the vaginal route.

According to Barues, stress incontinence may be the result of two separate
factors or it may be the result of a combining of these factors. “These may be
either an increase in urinary expulsive force or a decrease in urethral resistance.”

Barnes states: “When the bladder is at rest, the internal sphincter is frmly
closed, but is not in a state of continuous contraction. If from this closed state
there is a gradual distention, a contractive force is exerted in direct proportion
to the amount of distention. Naturally there is no contraction if there is no
distention by cystic fluid, but immediately the musculature around the trigone
tends to open the internal urethra, the voluntary muscles tend to close the
““;;:::és\::‘:t‘i\n:x‘:; 1};:2}5\121551'11 fails to function, we .have stress incontinence.”

st y to understand that any increased force exerted b
such acts as sneezing, coughing, or an increase in intr: 4

. : a-abdominal pressure could
add intracystic pressure and if the internal sphincter is at fault the S:demal volun-



86 MONOGRAPHS ON SURGERY

tary sphincter is invmediately brought into action to try to control the loss of
urine,” This, Barnes says, may be possible when the patient js in a recumbent or
resting position but if the condition progresses and the patient is unable to evert
her voluntary control rapidly enough to control her urine under stress conditions
she becomes incontinent.

Fio. 1 ~(1} Urethra, (2) wrethrocele, {8} eystocele.

The work of Kegel in demonstrating the necessity of vaginal exereises to re-
educate and strengthen the perineal and periurethral muscles in stress inconti-
nence must torm an important part in the cure of this condition.

Kegel believes that, “instead of poor tissues causing poor function, the view-

point is that faulty developraent of of fi jon and Jination, is
the cause of poor tissues or atrophy of disuse,” and to overcome this condition
he advocates the use of a perd to ise and it the perineal

and periurethral muscles,
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Kegel states that 70 per cent of wonen possess good vaginal function and tone,
while 80 per cent, regardless of birth trauma, have poor tone. This fact would
explain many of the poor results obtained in stress incontinenee operations and
the nced of increasing perineal muscle resistance either prior to or after operation.

§
H
B o e e .

Fic. 2.~The smooth surface (A) indicates a i cagi
! portion of the vaginal wall completely f vi
tl‘le cenix. The arca marked (B), showing the vaginal mgue;g indicates lhepbiéix}],ni:gs;(tllf“;l:
cleavage plane which sepatates the vaginal wall from the anterior surface of the cenix. This
wall is massaged upward toward the urethra with swings of the thumb.

Insert: The entire thickness of the 1agi i
) ginal wall above the area is i
and elevated. This area is rubbed between the fingers to “increase” g;;sali::iio:“h the fingers

(Ricci, J. V., Thom, C. H,, and Kron, W. L.: Am. J. Surg., 76:354, 1048.)

The problem, according to Xegel, “li i i
e, rding gel, “lies almost entirely with the pub
:‘usclet:md ;t{s 1relahon to the bladder, mid-portion 0f}lhe vaginapu'ln(:lm;:z;igqe]lllxsr
e rectum, If the patient fails o i n Care
i patient fails in the development of this muscle the results are

As Kennedy has demonstrated, the levator ani muscle, the bulbocavernosus, and
5
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the transversus perinei profunda play important parts in the control of the
sphincter action of the urethra, Their revitalization and operative readjustment
are important factors in the cure of stress incontinence.

If the Kegel perineometer is used as an indicator prior to vaginal exercise and
prior to vaginal plastic surgery, it will be noted that few patients can raise the
indicator to beyond 5 or 10 mm. Hg. Following an operation this is hardly im-
proved, indicating that while the operation may be surgically perfect there still
remains a loss of tone and function of the periurethral and perivaginal muscles.

Fic. 8.~The doubled thickness of the entire vagimal wall is grasped between two Allis clamps

and held taut, 1t is cut transversely” with one stroke of the scissors. This incision properly

executed at the proper level leads directly into the anterior avascular space or cleavage plane.
(Ricci, J. V., Thom, C. H., and Kron, W L.: Am. J. Surg, 76:353, 1948.)

This is mostly true in the postmenopausal group of patients, where atrophy
and loss of tone of the vaginal and urethral muscles are marked and where
reactivating exercises are necessary to obtain a satisfactory cure.

We find that many of our patients learn with difficulty to contract the vaginal
muscles postoperatively, if they have not been taught prior to operation. A simple
method of teaching these patients is to place one finger in the anus and an-
other in the vagina and ask them to squeeze on their anal sphincter. By this
method they quickly learn how to contract the vaginal muscles.

In the earlier years of gynecology the term urethrocele was used only in refer-
ring to a sacculated urethra, sinus of the urethra, or a urethral diverticulum.
Recently the term has been used more generally to describe a definite hernial
protrusion of the urethra in the region of the vesical neck of the bladder.

Graves stated: “The descent of the bladder may include the urethra and
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when this takes place the condition is termed urethrocele, Urethrocele is usually
only an incidental part of the process of cystocele but may occur alone.”

Curtis contended that urethrocele is a prolapse caused by a laceration of the
vesicovaginal fascia, causing the urethra to rotate downward around the pubic
bone, and that relaxation of the vesical sphincter is commonly present.

If the vesical sphincter is the normal junction between the urethra and the
bladder, it should be the dividing line between a urethrocele and a cystocele.
When the vesical sphincter is relased there is a merging of these conditions,
thereby causing a combined cysto-urethrocele and shortened urethra.

- . oy

v
|
f
I i

Fic. 4.-Exposure of the avascular areolar cleavage plane or space. At mid-point of the initial
transverse incision of the entire thickness of the vagmal wall, a longitudinal incision is begun
and continued upward, again including the entire thickness of the vaginal wall. This incicion
ends at the point of fusion between the vagina and urethra. (A) indicates the surface of the
cervix; (B) free bladder musculature; (C) entire thickness of the vaginal wall.
{Ricdi, J. F., Thom, C. H,, and Kron, W. L: Am. J. Surg, 76:353, 1948.)

The position of the urethra in relation to the bladder, according to Reich
et al, shonld normally be a 45 to 50 degree angle. In the presence of a cysto-
urethrocele this angle increases to a 90 degree angle rotation. 4

The length of the normal urethra, according to Piersol, is about 4 cm. to 4.5
cm., but in many patients with a cysto-urethrocele and incontinence this .wﬂl b.e
found to be shortened. In any operation for stress incontinence the angle and
the length of the urethra must be restored to the normal. g

The incontinent patient invariably has a relaxed vesical sphincter and
shortened urethra but this condition is also found frequently in patients with .
urethrocele and cystocele but without incontinence. This fact iaturall wll da
us to the conclusion that a relaxed vesical sphincter is not the sole caus yf trese
incontinence and that other factors must play an important part in ;rgdi:’;s;
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this condition. The mere tightening of the vesical neck by a single Kelly suture
is more often unsuccessful than successful, as it neither restores the normal
angle nor lengthens the urethra,

In observing the bladder of a patient with a cystocele and urethracele it will
be noted that the base of the bladder is attenvated and thinned out at its central
portion but kuterally on either sides the walls are firm and smooth, It is thought

i
g1

Fio. 5~(1) Foley catheter, No. 12, (2) vesical neck of the bladder: note the shortened

arethra; (3) tip of the Foley catheter at the site of the wrethrocele; (4) cystocele: note the

thinned-out portion of the bladder wall, (5} smonth capsule of the bladder wall; {8) anterior
vagmal wall; (7} arer of dissection under the pubic rami.

by many observers that this is due to a rupture of the bladder muscle fibers
during childbirth. Others feel that it is probably due to the bulging of the base
of the bladder with thinning of its walls because of its unsupported position
in the cystoccle. Laterally on either side where the bladder wall is finm and
smooth there is better support by the vaginal wall and the areolar connective
tissue still remains intact.
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Anterior vaginal wall plastic surgery has undergone a gradual evolution in the
past few years. Formerly more attention was paid to the so-called fascial support
for the cystoccle and urethrocele by splitting the anterior vaginal wall flaps
and suturing their innermost part across and in front of the bladder and urethra.

Goff has shown the fallacy of using any part of the anterior vaginal wall as a
fascial support and has shown by histologic sections that the vaginal wall in

Fic. 8.—(1) The incision is carried to within 1.5 em. of the exte
] ] . 3 il urethral meatus; (2
f?rst' suture is placed high in the urethra, (3) the second suture is placed in ch:;;e‘;lnf o)f :}}::
vesical neck; (4) remsining mattress sutures are placed in the region of the eystocele; {3) th
anterior 1aginal wall, ; ©

itself “is made up of stratified squamous epithelium and a fibro-elastic tuni
Propia which forms the mucosa. Above this is the muscular coat of the va, ina
?omposed of smooth muscle fibers, both circular and longitudinal, and abov gtl;xn
is the thin areolar connective tissue separating the vaginal wall frc;m the‘ bl ‘:d .
Gynecologists, realizing the absence and lack of the necessa -

. ( 1
to be found in the anterior vaginal wall, now Y pasclal support

prefer to plicate the bladder and
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urethra to reduce the cystocele and urethrocele. Dependence on the anterior
vaginal wall for support of these tissues has proved to be inadequate.

The treatment of stress incontinence, urethrocele, and cystocele must be ap-
proached with the over-all anatomic picture in mind, as damage to the urethra
and bladder not only impairs the anatomic relationship of these organs, but their
tunction as well.

Fic. 7.~(1) Space under the pubic rami with free mobilization of the bladder; (2) frst
suture placed high in the urethra; (3) second suture is placed in the region of the vesical neck;
(4) remaimng mattress sutures are placed in the region of the cystocele; {5) anterior vaginal

wall.

The frst step in the treatment of stress incontinence is the thorough mobiliza-
tion of the base of the bladder and the urethra laterally, keeping in mind that
the urethra fuses anteriorly with the anterior vaginal wall. Any separation here
may cause severe bleeding. The mobilization of the base of the bladder includes
separation from the anterior vaginal wall up to the fusion point of the urethra
with the anterior vaginal wall, separation of bladder from the cervix as far as
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the uterovesical fold, laterally on cither side until the smooth wall of the
musculature of the bladder is visualized and mobilized enough for suturing with-
out tension and on each side of the urcthra under the pubie rami.

All of this free mobilization of the bladder and urethra must be carried out
by adhering strictly to the cleavage planes; otherwise there may be injury to
the bladder and urethra with ensuing hemorrhage.

Fic. 8.—Sutures tied in the bladder wall, three mattress sutures through the entire thickness
of the anterior vaginal wall with interrupted sutures.

TECHNIC

The cervix is grasped with a tenaculum and pul
: and pulled downward, thus placi
the anterior wall on tension just above the point of fusion of the anterior ?amll:agl
wall and the.cervix, The anterior vaginal wall is grasped between the th%x b
and the forefinger and the vaginal wall is massaged and pushed upward t}r:ls
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releasing the lower portion of the bladder and accentuating the cleavage plane
at this point. Two Allis clamps are now placed on the vaginal wall, including its
whole thickness; the lower one about % inch above the external os and the
upper one about % inch above the lower clamp. Using a pair of straight scissors,
and with the Allis clamps on the stretch, a transverse incision is made between
them. This should include the whole thickness of the anterior vaginal wall
and will open the avaseular space just below the bladder.

ORI

Fic. 9 —Mattress sutures tied, closing space between the plicated bladder and the anterior
vagmal wall. The anterior vagmal wall is closed with interrupted sutures.

The initial scissors incision is enlarged laterally on either side slightly and the
Allis clamps are removed and placed laterally on either side of the incision. If
one has entered the proper cleavage plane, marked by a pocket formation of
whitish color, the scissors, or preferably a Simms clamp, may be passed upward
freely between the bladder and the anterior vaginal wall. The vaginal wall
is now bisected through its enthie thickness and the bladder is separated from
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the vaginat wall as onc proceeds. This whole separation of the bladder from the
anterior vaginal wall should be made in the cleavage plane where there will
be a minimal amount of blecding,

The initial incision dividing the vaginal wall is carried to within 15 cm. of
the external urinary meatus.

By blunt disscction, with a gauze-covered finger, the bladder is now thor-
oughly separated from the anterior vaginal wall from the cervieal surface to
the vesico-uterine peritoneal fold and laterally on cither side until the smooth
musculature of the bladder is visualized. Ilere it is freely mobilized for the
placing of invaginating sutures. This line of cleavage is now earried upward

:
i
i

S

Fic. 10.—(A) Normal bladder and urethra The catheter describes a 45 to 50 degree angle
with the catheter horizontal on msertion. (a) Cystoscopic view obtained in normal urethro-
vesical anatomic status and relationship.

. (B) Cystocele and h le, ill the ic dep from the normal. The
inserted catheter assumes a 90 degree angle wath the hork 1. (b) C; ic view obtained

in cysto-urethracele. i
(Beich, W. J., Wilkey, J. L., and Silkerman, H. E.: Am. J. Surg, 70:341, 1945.)

under the symphysis on either side of the urethra, freeing this organ from any
adhesions laterally. This mobilization on either side of the urethra will allow
00m for sutures to be placed to invaginate the urethra and carry it posteriorly
to its normal position. : ’
At this point a Foley No. 12 catheter is placed in the bladder and distended.

The urethra is measured and its angle in relation to the bladder is noted.
. The urethra and the base of the bladder are carefully examined for any pos-
:;})10 tears and to estimate the amount of plication necessary to restore and reduce
e cystocele and urethrocele to their original position. The relaxation of the

urethral i i .
o e bl’:;(;::hture should also be examined in its relation to the vesical neck
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releasing the lower portion of the bladder and accentuating the cleavage plane
at this point. Two Allis elamps are now placed on the vaginal wall, including its
whole thickness; the lower one about ¥ inch above the external os and the
upper onc about % inch above the lower clamp. Using a pair of straight scissors,
and with the Allis clamps on the stretch, a transverse incision is made between
them. This should include the whole thickness of the anterior vaginal wall
and will open the avascular space just below the bladder.

o et i N\

[ O —

froeene s e

Fic. 9.—Mattress sutures tied, closing space between the plicated bladder and the anterior
vaginal wall. The anterior vaginal wall 15 closed with interrupted sutures.

The initial scissors incision is enlarged laterally on either side slightly and the
Allis clamps are removed and placed laterally on either side of the incision. If
one has entered the proper cleavage plane, marked by a pocket formation of
whitish color, the scissors, or preferably a Simms clamp, may be passed upward
freely between the bladder and the anterior vaginal wall, The vaginal wall
is now bisected through its entire thickness and the bladder is separated from
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The first row of sutures should invaginate the attenuated and thinned-out
partion af the bladder and should include the area at the vesical neck.

The second row of sutures should be placed to include the smooth and strong
musculature of the bladder laterally and these should be tied without tension.

If at this point the urethra is not lengthened and not replaced posteriorly,
a third row of sutures should be placed. The urcthrocele and cystocele should
now be well reduced with the urethra being in close contact with the Foley
catheter.

The catheter may be left in place for bladder drainage so as not to put tension
on the suture line.

Before trimming the vaginal flaps and closing the anterior vaginal wall, three
mattress sutures are placed through the entire thickness of the vaginal wall.
The first suture starts at the dimple on the left side of the vagina, is carried
across to the opposite side and returned to its original point of entrance. One or
two similar sutures are placed posterior to the first about % inch apart. These
are not tied until the anterior vaginal wall is closed.

The vaginal flaps are now trimmed off and the anterior vaginal wall is closed
with interrupted sutures. The three mattress sutures are tied after the closure.
The vaginal wall is now brought snugly in contact with the bladder and urethra.
The levator ani, bulbocavernosus, and deep transversus perinei are also brought
in a better position to regain and maintain their function in controlling bladder
continence.

CONCLUSIONS
An understanding of the anatomy and mechanism of the muscles of the urethra
and vol y perineal les is y in the treatment of stress incon-
tinence.

The lines of cleavage must be followed in the approach to the bladder and
urethra; this includes a thorough knowledge of the areolar connective tissue
separating the anterior vaginal wall from the bladder, the fusion of the anterior
vaginal wall to the urethra, the lateral line of cleavage of the perivaginal arcolar
tissue extending upward and lateral to the urethra and bladder under the
symphysis,

Plication of the urethra and base of the bladder should start laterally and
posteriorly to the urethra and include the vesical neck of the bladder, thus
lengthening the urethra and reducing the urethrocele and cystocele.

A decided effort should be made to cure the primary case of urinary incon-
tinence, however minor the incontinence may be.

The necessity of vaginal exercises is important to reactivate and regenerate the
11_erinez\l muscles, both before and after operation. This reactivation of muscle
tissue is often the margin of failure or cure of stress incontinence.
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Plication of the bladder, vesical sphincter and urethra is accomplished by
the use of an intestinal atraumatic No. 00 chromic catgut suture. Mattress sutures
are placed beginning laterally to the urethra and in the smooth tissue of the

i L,
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Fic. 11.—Manipulation of the catheter from witlin the vagina to produce a normal urethral angle.
(Beich, W. ], Wilkey, J. L., and Silverman, H. E.: Am. J. Surg., 70.341, 1945.)

urethra under the symphysis. This is carried to the opposite side of the urethra
and the suture is placed opposite its point of entrance. A series of mattress
sutures is now placed in a similar manner, working posteriorly and invaginating
the whole base of the bladder.



Transplantation of Fascia for Relief of
Urinary Stress Incontinence
ALBERT H. ALDRIDGE, M.D.

T 15 UNFORTUNATE that we do not yet have complete knowledge of the anatomy
I of the urethra and its surrounding structures, or an entirely satisfactory under-
standing of the physiology of the delicate sphincter mechanism by which urina-
tion is controlled. For this reason it has been difficult to devise well defined
surgical procedures which can be relied on to cure urinary stress incontinence. It
is an accepted fact that not more than 80 to 90 per cent of women who have
urinary incontinence due to loss of function of the urethral sphincter muscles can
be cured by vaginal plastic surgery. Factors which contribute to unsatisfactory
sesults or surgical failures are:

(1) Congenital underdevelopment of the urethra which in itself may cause
incontinence or predispose to serious injury with a minimum of trauma.

(2) Loss of tissuc substance due to the original injury, infection, and tissue
necrosis.

(3) Increased tissue damage resulting from lack of judgment and skill in
applying accepted vaginal plastic procedures for relief of incontinence.

(4) Irreparable damage to the blood vessels and nerves which supply the
sphincter muscles.

Urethral function is not restored in some women who seem to have excellent
vaginal plastic results following one or more operations by expert surgeons. How-
ever, as a rule, the urethra and the anterior vaginal wall will show relaxation
and poor support which are responsible for the continued incontinence. The
outlook for these women has often been most discouraging. They have had to
adjust to the persistent leakage of urine and the conviction that the conditions
from which they suffer may be incurable. Experience has proved that some of
these women can be cured by a combination of vaginal plastic surgery and
transplantation of abdominal fascia to support the urethra. =
) The author's interest in transplantation of fascia for relief of urinary stress
incontinence was aroused in 1941 by efforts to cure a patient in whom éonstam
leakage of urine for 29 years had not been relieved by three vaginal plastic
0perati.ons. F()Umving a fourth vaginal plastic combined with transplantation
‘f‘feia:?zggdme :}: ribdominal wall'this patient has been completely continent and

ptoms for 10 years.
mg:zig?:t:&;;ig‘:fjﬁent tissues to provide support for the urethra and
] phincter-like action for the one which had been lost wa
not a new idea at the time. From sbout 1900 numerous surgical technics had be .
described for transplantation of the fascia, the round ligaments, and the "ario?;
99
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that a fascial transplant combined with a vaginal plastic may effect a cure of
stress incontinence.

The procedure should be started with 2 plastic on the anterior vaginal wall
and urethra to eliminate a cystocele, if present, and to accomplish as much as
possible toward relieving the incontinence. For the urethra this will usually
involve reduction of the caliber of its lumen to a size which is recognized as
normal, repair of the damaged sphincter muscles, repl it of the urethra
to o normal position beneath the pubic arch, and construction of a proper sup-
port from the surrounding tissues. The best known procedure for this purpose
is the one devised by Kelly. However, we believe the operation developed by
Kennedy, involving wider dissection and repair of the urethra, is more likely to
succeed.

Fic. 2.—Anterior 1aginal wall opened, exposmng the muscular walls of the ureth:
(U} urethra; (B} l?laddex; {E1) connective tissue layer on the outer I’ezle‘x‘(;der“;ui;rf‘adc: lgfddt;z
vaginal wall; (EZ) connective tissue layer on the bladder wall,
{Am. J. Obst. & Gynec., 41:398, 1942.)

Figures 1 to 8 inclusive show steps in the procedure devised by the author,
by which a s]jng of aponeurotic abdominal fascia is used to support the L':redll"l'
follo.wing a Kennedy type of vaginal plastic operation for stress incontinence. v

Figure 1 is a schematic drawing of a sling developed from aponeurotic st :
of fascia from the abdominal wall to support the urethra. e

Figures 2 and 3 show dissection of the anterior vaginal wall and structu
aquxt the urethra. In Fig. 2, the midline incision has been carried thr ‘;1 "}:35
entire thl.ckness of the vaginal wall including the mucosa, the smootho . t1 y
and a thin dense layer of fascia (E?) on its bladder surf;ce. The incisrir;:sr;f’
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1

les including the p. idalis, rectus al gracilis, levator ani,
and bulbocavernosus. The names connected with these procedures—Goebell,
Frangenheim, Stoeckel, Giordano, Squier, Thompson, Miller, Martius, and Price—
and their contributions are well known. Invariably their special technics had been
developed for women who had not been relieved of incontinence by vaginal
plastic surgery. A review of the details of these technics shows that when fascial
straps were used they were brought to the urethra close to the upper or lower
surtaces of the pubic bone. By doing so the fascial slings originated from fixed
points in the abdominal wall, preventing any mobility of the sling to provide
uniform support for the urethra during rest and physical strain, that is, with
changes in intra-abdominal pressure and relaxation and contraction of muscles

Fic. 1.—(a) Diagrammatic representation of a techme for transplantng strips of aponeurotic
fascia for cure of unnary incontinence: (A} Strips of aponeurotic fascin; (U) urethra; (HJ
rects muscles. (b): (U) ‘urethra, (P) pubic bone; (A) fascial shng; (R!) relaxed position of
the recti muscles; (R?) position of the recti muscles when contracted as with straining.
{Am. J. Obst. & Gynec., 44:398, 1942.)

in the abdominal wall. Furthermore, it would seem impossible to transplant
the various muscles or fragments of muscles to positions recommended without
almost complete destruction of their nerve and blood supply. As a result, the
transplanted muscles could hardly be expected to retain any contractility which
might produce a substitute sphincter-like action for the urethra,

In a high percentage of women in whom vaginal plastic surgery has failed to
cure stress incontinence it will be obvious that the result might be improved by
another vaginal plastic. However, experienced surgeons are aware of the
technical difficulties of such procedures and the decreased chances of success
on account of scar tissue resulting from previous operations. They hesitate to
subject a patient to another operation which may fail, It is in such circumstances
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tends forward to within 1.5 cm, of the external urinary meatus. The thin layer
of fascia (E!) on the bladder surface of the anterior vaginal wall and a similar
layer (E?) on the lateral surfaces of the bladder are belicved to be surface
condensations of fascia which support muscle fibers in the walls of the vagina
and bladder. Between E* and E?, there is a thin, almost bloodless layer of loose
areolar fascia; a part of the endopelvic fascial system. It is in this layer that
extensive, almost bloodless dissection can be carried out.

Figure 3 shows fascial layers (E' and E?) being held under tension by Allis
clamps (2, 4, 5, and 6).

F16. 5.—The wall of the urethra (U) is folded in with mattress suture i

- es to red: ts cal

t0 reunitc the tom ends of the sphinctes muscles. The mesial margins of m:ccir‘.negi\‘iefisasﬁg

ayer (E2) on the bladder have been brought into appesition with chromic catgut sutures.
(Am. J. Obst. & Gynec., 44-398, 1942.)

Figure 4 shows how, by blunt dissection, the inde:

2 3 x finger can be passed
between layers E* and E? upward and forward between t}%e pubic arcI;x azd
lateral Sl}rftqce.s of the bladder and wrethra nearly to the anterior abdominal
wall. '1.'h1s is in part the type of dissection recommended by Kennedy for h}s
(flpel:a;mn for stresg incontinence. Incidentally it opens spaces through which
ascial straps can be safely brought down from the abdomi
sling to support the ureﬂu?:;. v 10 sbdominal wall to form a

Figure 5 shows placement of sutures used in the va

procedure, Wi ginal plastic part of the

th interrupted sutures of fine chromic catgut the relaxed muscular
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Fie. 3 —Connective tissue layers (E1) on the vaginal wall and (E2) on the bladder wall being
held under tension by the use of Allis clamps (2, 4, 5, and 6).

(Am. . Obst. & Gynec., 44:398, 1942.)

. s
g T
bes P PR Exs
Fic. 4-The plane of cleavage between (E1) and (E2) shown in Fig. 5 has been opened
Toterally and forward by blunt dissection. The finger is being passed through this opening

forward and above the pubic bone at the left of the urethra (U).

(Am. J. Obst. & Gyneo., 44:398, 1942.)
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turbance to their nerve and blood supply; (2) the fascial sling originates and is
fixed gt a point in the abdominal wall, well above the pubic crest. This permits
the sling to move and to maintain uniform support for the urethra during changes
in position of the abdominal wall associated with rest and physical strain.

Fi6. 7.~Clamps (7 and 8) passed fonward in the s

_ ] paces opened by finger dissecti

in Fig. 4, are being used to grasp the fascial strips (A) and SJ dra\v}t’l‘lemg :tn ltsl'slzct"ao ni,nzls ‘s‘ho\\g
with one on either side of the urethra. - gl woun
(Am. J. Obst. & Gynec,, 44:398, 1942.)

. In 1?48 Mdh.n and Read of London reported on Millin’s fascial sling techni

or relief of urinary stress incontinence. Fascial straps for the slin, \v% d ¥
oped through a Pfannenstiel incision by a simple method which %et i ed e"e}~
normal attachments to the muscles of the abdominal wall. The slx'ng \3;281’031]1?;

by passage of the free ends of the fascial straps through a space between th
e
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wall of the urethra is folded in, to reduce the caliber of its overstretched lumen
and an effort is made to repair the relaxed and injured urethral sphincter muscles.
The margins of the fascial layers (Fig. 2, E?) on the lateral surfaces of the blad-
der are then brought into apposition in the midline with superficial interrupted
sutures of fine chromic catgut. This line of sutures is carried as far forward as
possible over the urethra. By doing so the bladder is given support to cure the
cystocele, and the urethra is displaced backward to a normal position, Structures
about the inner end of the urethra can also be reinforced with mattress sutures
of silk or linen placed in the fascial layers (E2).

F16. 8.—(a) Fascial strips (A) from the aponeurosis of the oblique muscles are being separated
through a Pfannenstiel ncision. (b) The dotted lines indicate pomts about 2 em. from the
mesial marguns of the recti muscles (R) through which the fascial strips (A) are passed back-
ward before cneireling the vrethra.
(Am. ] Obst. & Gyncc., 44:398, 1942.)

After completing the vaginal plastic operation, fascial strips, prepared as
shown in Fig. 6, through a Pfannenstiel incision, are brought down into the
vaginal wound by clamps (7 and 8), as shown in Fig. 7. The fascial straps should
be about 1.5 cm. in width and should be developed about 4 cm, above the upper
border of the pubic crest. The importance of this point in technic is that it
permits the completed sling to move with changes in intra-abdominal pressure
and in position of the abdominal wall, thereby maintaining constant support for
the urethra.

The author believes the advantages of the sling technic which he devised are
that: (1) the rectus abdominis muscles are always well developed and in a
position where they can be readily used for urethral support without dis-
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proximal end of the urethra and the vaginal wall. This was accomplished by
dissection through the abdominal wound. To facilitate the dissection a Malecot or
Foley catheter was placed in the bladder and a special clamp was used for the
final steps in the dissection and to assist in placement of the fascial straps
beneath the urethra. The procedure was used for 140 women with only one
known failure. Millin and Read’s decision to use a fascial sling alone for treat-
ment of urinary stress incontinence was based on the conviction that this condi-
tion is caused chiefly by loss of support of the proximal end of the urethra and
vesical neck. Their results are remarkable if the assumption is correct that many
women in their series, treated by sling alone, had had vaginal birth injuries
which were not repaired.

Fi1c. 8.—The tascal strips (A) have been umited in the nudlme to form a fascial shing beneath
the urethra at 1ts junction with the bladder.
(Am. J Obst. & Gynec., 44:398, 1942.)

In the treatment of urinary stress incontinence appronimately 4 out of 5
women can be cured by vaginal plastic operations, The fascial sling procedure
is a method by which some women can be cured when vaginal plastic surgery
has failed. It may prove to be useful for nulliparous women in whom incontinence
is due to congenital underdevelopment of the urethra. The procedure should
probably be reserved for women in whom vaginal plastic surgery has failed
and should be combined with a vaginal plastic in women who have obvious
birth injuries which might cause incontinence.
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FiG. L—A nylon bag is tied between the thighs.

Frontal Position. The patient must bend somewhat forward for the reduction
of the semiaxial projection of the urethra, and the exposures are made as follows.

Target-film
distance RV MAS
Thin patient 90 90 120
Obese patient 90 100 240

Lateral Position. A metal ruler is placed in vertical position on the mons pubis
in order to allow direct measurements on the pictures, and the exposures are
made as follows:

Target-film
distance KV MAS
Thin patient 90 120 260
Obese patient N 120 320

A normal cysto-urethrogram made with this technic is shown in Fig. 2, and
ane of stress incontinence in Fig. 3. Figure 4 shows the same patient after a
pubococeygeal repair was made and the bladder replaced to its normal position
behind the symphysis.

The frontal position gives information as to the shape of the bladder and
the funneling of the bladder neck. In typical cases of stress incontinence the
bladder is like a bellBower, when the patient is straining or during micturition.
We have, however, found the lateral position most valuable as it makes exact



The Use of the Pubococcygeal Muscles in
the Repair of Stress Incontinence
AXEL INGELMAN.SUNDBERG, M.

he objective of my method (Ingelman-Sundberg, 1946, 1947, 1950) is to

restore the physiologic condition by adding a muscular support to the connec-
tive tissue sutured under the bladder neck. The pubococeygeal muscles are used.
They are cut slightly posterior to their midpoeint; thus preserving their contractive
power, There will be no tension owing to the division of the muscles, and as
the contractility is preserved and increased by suitable exercises, the plastic
repair should be very durable. The operation also creates a type of suspension,
which, in the event of a future delivery, will be Jocated to the side of the birth
canal proper, and not exposed to a direct separation by the fetal head. My per-
sonal experience includes 103 cases, 31 of which have been observed from four to -
six years. There have been no deaths and no recurrences in spite of the fact that
2 patients were later delivered.

INDICATIONS FOR SURGERY

Patients suffering from urinary incontinence due to neurogenic disturbances
will not be cured by this operation and must be excluded. The anamnesis must
therefore be carefully studied, and the cystometry curve must be normal,
without spikes indicating an uninhibited bladder. The sensitivity of the bladder
should be tested by using hot and cold water, and with the tip of the cystoscope
or an ureteral catheter. The movements and the shape of the internal sphincter
should, if possible, also be studied during urethrocystoscopy. The sensitivity of
the urethra and the perineal region, and the ility of the puk ygeal,
perineal, and anal muscles must be investigated. All of these findings are normal
in typical cases of stress incontinence. A typical roentgenogram made during
micturition is also necessary. Dr. Nordenstrom of the Roentgen Department of
Sabbatsbergs Hospital has worked out the following technic for this examination,
which I have found very useful.

TECHNIC OF CYSTO-URETHROGRAPHY (B. NORDENSTROM )

Barium meal in water suspension in the proportion 1:2 by weight is used.
Sterilization is done by boiling, and the lukewarm solution is injected slowly
through a catheter until the patient fecls the desire to urinate. The catheter
is then removed, and a nylon bag is tied between the thighs (Fig. 1). The
patient is examined standing, in frontal and lateral positions with the legs apart,
and exposures are made in the attitudes of “rest,” “voiding,” and “holding.”
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Fic. 3.—Preoperative cystograms in a case of stress incontinence: (a) the bladder at rest,
frontal vsew; (b) during micturition, frontal view; (c) at rest, lateral view; (d) during micturi-
tion, lateral view.

OPERATIVE TECHNIC

Local anesthesia is used, and may be combined with intravenous anesthesia,
nitrous ovide and oxygen, or trichlorethylene. A thorough infiltration makes the
dissection easier, especially if there is much scar tissue.

The operative technic varies with the anatomic conditions, and special varia-
tions are found on page 117. In most cases the following procedure is the best:

{1) A transverse incision is made under the external urethral meatus (Fig. 5).

{2) The anterjor vaginal wall is dissected from the urethra and from the blad-
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measurements possible concerning the ptosis of the bladder neck and its distance
from the symphysis. For that reason a line is drawn on the lateral films through
the center of the symphysis and through its upper border. This latter point is
used as the origin of a co-ordinated system, as shown in Figs, 3 and 4, making it
possible to give an exact definition of every detail of the bladder and the urethra.

r g

-
. i
{
i
i

Fic. 2.—Normal bladder control: (a) at rest, frontal view; (b) during micturition, frontal view;
(c) at rest, lateral view; (d) during mictunition, lateral view.

PREOPERATIVE CARE

Any urinary infection must be cured. Estrogenic hormone is given for some
days if the vaginal mucous membrane is atrophic. The patient is taught to per-
form pubococcygeal exercises.
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der by a knifc and small sponges up to the cervix {Fig. 6). When the cervix |
been reached, the external os is grasped with a tenaculum. The bladder is t!
pushed up on the cervix in the usual way.

Fic. 4.—Same case as shown in Fig. 8, after operation: (a) the bladder at rest, frontal vie
(b) during micturition, frontal view, (c) at rest, lateral view; (d) during micturition, later
position,

(3) The bladder ligaments (pelvic fascia) are laid free as far as possibl
on the sides. They are sutured with chromic catgut in the midline under th
neck and the floor of the bladder as a fascial plate, in order to return th
bladder neck to its normal position behind the symphysis, and to cover a
eventual cystocele. The posterior part of the plate is sutured to the cervix (se
Fig. 7).
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(4) By blunt dissection laterally the pubococeygeus muscles are freely exposed
as far as symphysis and are cut slightly behind the midpoint. Two anterior por-
tions attached to the symphysis are produced thereby, and two posterior parts
fastened to the coccyx. During this procedure one must be careful not to cut
the pudendal nerve. A suture with long ends is placed in each of the posterior
muscle portions in order to facilitate the location in step 5 (Fig. 8). The anterior
muscle portions are fixed together by interrupted sutures of heavy chromic
catgut or thin stainless steel wire to a muscular support under the bladder neck

¢
i
.

Frc, 11

beneath the fascial layer (Fig. 9). When the muscles are well developed, a
muscular plate is made covering the whole bladder Hoor, and the posterigr ,art
of this plate is fixed to the cervix in the same way as the underlying fascial Il;t
{5) The posterior pubococeygeus portions are sutured laterally, each tg the.
con-esponding ischioeavernosus muscle in cases where no proctoce,le is pre: te
and where the perineum is normal (Fig, 10). The anterior vaginal wallpi :in .
fi,\'ed to the muscular plate with a few sutures of fine catgut, and the i ; i ‘en
is closed, as shown in Fig. 11. A Foley catheter is placed in’the blagdl;m:z:;

the vagina is sponged well with ganze powdered with microcrystalline s

thiazole and penicillin. i
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VariaTIONS OF THE TECHNIG

(1) In cases with a descensus of the uterus an amputation of the cervix or a
hysterectomy is frst done, according to current methods. The operation is then
performed as described.

(2) If a proctocele is present, or if a perineal repair is indicated, step 5 is
carried out as follows: The posterior portions of the pubococcygeal muscles
are located through a longitudinal incision in the posterior wall of the vagina
in such a way that after sufficient mobilization of the lateral vaginal walls the

rerrn e e e amen e e -

Fi. 15

sutures applied in the posterior muscle portions in step 4 are grasped with a
clamp, and the muscles brought into the incision (Fig. 12). The muscles are tl\e;l
fixed by interrupted sutures of chromic catgut. At the same time an enterocel

or a proctocele is repaired. Perineal repair is done if the perineam is in po .
condition, and the anal sphincter is sutured if it is ruptured. Redundant t; b
cut away and the mucosa is sutured with fine catgut, as shown-in Fi i‘g 13l e s

(3) The following techuic i i
o g techuic is used in cases where a large urethrocele is present:

A triangular flap of the mucosa is dissected in such 2 way that the
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uterus, if the patient is not fertile, or else a sling operation. After the peritoneum
has been closed, the bladder ligaments are sutured as described in Step 3. The
corpus is then fastened to the periosteum of the pubic arch and to the pubococ-
cygeal muscles, which are sutured to the uterus with thin stainless steel wire.

POSTOPERATIVE CARE

The tampon is removed after 24 hours and so is the catheter, when the
patient can empty her bladder, generally within seven to 10 days after the
operation. The patient is allowed to sit up in a chair and walk around for about
an hour every day. She can usually be discharged on the 16th day. She is then
instructed to take exercises in contracting the pubococeygeal muscles in order to
strengthen the pelvic floor.

REFERENCES
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apex is near the clitoris, and the base just above the vaginal inlet. A slecve of the
mucous membrane is left around the opening of the urcthra. Then the incision
is extended to the middle of the vaginal side wall (Fig. 14).

[T —

Steps 2-4 are done as described. After this the bulbocavernosus muscle is laid
free on both sides and sutured in the midline as a support for the distal part
of the urethra (Fig. 15). The muscle is fixed by a few interrupted sutures of
chromic catgut, and the connective tissue on both sides of the muscle is sutured
in separate layers with very fine catgut. It is important that the introitus does
not become constricted. The orifice of the urethra is then sutured in the anterior
part of the wound near the clitoris, and the vaginal wall is fastened with a few
sutures of fine catgut against the underlying tissue, and sutured as shown in

Fig. 16.
Step 5 is then carried out as described earlier.
(4) If the bladder lig; and the pub ygeus muscles are found to be

poorly developed at Step 2, it is better to make a vesicovaginal interposition of the
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had suffered from incontinence for 10 years or more, symptoms begin to im-
prove after a few weeks or even after only a few days of muscle education
and resistive exercise with the aid of the Perincometer. Such a brief period
of physiologic therapy-is obviously much too shart to bring about n'nfltomic
changes in the muscle and consequent correction of bladder position or
periurethral tension.

The fact that it is possible to influence urinary stress incontinence through
muscle education alone, before little if any anatomic change can have taken
place, points to a borderline deviation from the normal mechanism of micturi-
tion. Tt seems most likely that insufficient function of the neuromuscular reflex
has been corrected through a measure operative precisely at the urinary outlet
where the bladder~the holding organ—connects with the urethra—the emptying
organ. Thus a reflex component in urinary stress incontinence and normal micturi-
tion is d rated which is confined to a small control area. Based on this
finding it is possible to reconcile the etiologic concept of physiologic therapy
with that of the various successful surgical procedures (Muellner). At the present
time it is not possible to distinguish with any degree of certainty between func-
tional and structural components of urinary stress incontinence. Until further
evidence has been lated it must therefore be 1 that urinary stress
incontinence may be caused by structural defects or muscular dysfunction, but
in the majority of instances the condition is probably due to a combination of
both factors.

Specifically, injuries due to childbirth or surgical interventions are often
only precipitating factors in a pre-existing borderline dysfunction. Many of these
patients give a history of so-called bladder weakness since childhood, and urinary
stress incontinence is also encountered in nultiparous women, following cesarean
section, and after the best of obstetric care. Furthermore, the prompt response of
many patients with urinary stress incontinence, apparently due to degenerative
processes occurring in the course of protracted illness, the menopause, or senile

involution, suggests a functional disturbance which predisposed to the develop-
ment of the urinary complaint.

ANATOMIC BASIS OF PHYSIOLOGIC THERAPY

The neuromuscular reflex in the region of the bladder neck responds to
therapeutic restoration of function of the pubococcygeus muscle. As Anson has
recently demonstrated, innumerable minute interdigitating end-fibers of the
pubococeygeus are inserted into the intrinsic musculature of the proximal urethra
and the middle third of the vagina. Apparently these end-fibers constitute the
link between the main body of the muscle, which normally is under volunta
control, and the urinary reflex. i

The pubococeygeus muscle as a whole is accessible
Quality of structure and degree of function can be ascert
tion, and strength of contractions measured with the aid
The principles of therapeutic muscle education and resis
ployed in the restoration of function of other skeletal mu
to the pubococeygeus by the vaginal route (Read).

hrough the vagina,
ained through palpa-
of the Perineometer.
tive exercise, as em-
scles, can be applied



Physiologic Therapy of Urinary
Stress Incontinence
ARNOLD H. KEGEL, M.D.

HYSIOLOGIC THERAPY consisting of muscle edacation and resistive esercise of
Pthe perivaginal muscles was first employed by the author in 1932 to improve
the unsatistactory results of plastic surgery of the perineal structures {Kegel,
1848}. On the basis of this experience the usefulness of the new method in con-
junction with other plastic operations of the pelvic outlet was explored (Kegel,
1951 ). In March, 1947, physiolagic therapy was applied in a case in which a plica-
tion type of operation, performed six months previously, had failed to relieve
urinary stress incontinence. After two weeks of muscle education and resistive ex-
ercise with the aid of a Perineomcter the patient became entirely free of symptoms
and has reraained continent to date (Kegel and Powell). Since then, physiologie
therapy for the relief of urinary stress incontinence has been successfully em-
ployed tollowing failure of other types of corrective operations by the vaginal or
abdominal route, and also routinely as primary treatment of urinary stress in-
continence. Its special field of application includes debilitated patients and the
large group of women who suffer from incontinence to an annoying or embarrass-
ing degree, yet too stight to warrant surgical intervention {Counseller). In the
Iatter group, physiologic thexapy has proved almost 100 per cent successful.

ENIOLOGY

The physiologic approach to the problem of urinary stress incontinence is
based on findings of physical examination (Kegel, 1949) and on a therapeutic
test It has been observed that urinary stress inconti is always iated
with clinical evidence of poor function of the pubococcygeus muscle. Further-
more, it has been the experience in more than 1,000 cases of urinary stress in-
continence treated by muscle education and resistive exercise that lasting symp-
tomatic relief will occur only after improved function of the pubococeygens
muscle can be demonstrated clinically.

Funetion of the pubococcygeus is therefore an important factor in urinary
contzol, This finding can be correlated with the good results obtained by various
types of vaginal and abdominal operations for the correction of urinary stress
incontinence, since all of these procedures may directly or indirectly affect the
physiologic tension of the pubococeygens muscle and its visceral extensions,

While increase in muscular tension and change of anatomic position of blad-
der and urethra have thus contributed to restoration of urinary contrel, still an.
other factor becomes evident om the basis of results obtained through physiologic
therapy. 1t has been our experience that in 75 per cent of women, some of whom
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peated efforts will finally enable her to transfer these muscular actions of which
she is cognizant to a higher level.

It is emphasized that awareness of function of the pubococcygeus muscle must
be firmly established before clinical results can be expected, Approximately 75
per cent of patients will respond after 10 to 20 minutes of instruction. All patients,
however, must be carefully checked at weekly intervals lest they revert to the
faulty old habit of using muscles other than the pubococcygeus. In approximately

Pubo~ g R xS
cocoygnaus s ] 5 f Rectum

Fic. 1.~Identification of contractions of the pub: t
~1¢ K pubococcygeus muscle. (1) The ti i
f(i:%;: :lmlco_nm;'t (‘g;hlthle merglial margn of the ;?bococcygeus nt( ll:e leie‘llgfafh;hir?tgz
inal view). n limited awareness of function of the pubococe: light
ary) contractions ean wsuilly bo folt posteriorly, where th Bl of e eunerie oot (second-
s th
attaabmont to the coceyx. e of the muscle converge for

25 per cent of cases considerably more time and persistence are necessary before
{)M;lents learn to contract the pubococcygeus. Awareness of function has even-
vally been established in all cases not complicated by lesions of the central
nervous system—some patients respondi i
pervous system. p ponding only after six to 12 months of con-
At home, daily repetiti i
petition of correct contractions, as taught b i
Atk c 3 the i
lcso fa(cxl;mted by use of the Perineometer. This apparatus prov{i;des ay meanlsn};)f,s:"inanl’
mtrol of muscular efforts, and enables the patient to observe any slight prog::sa
s.
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TECHNIC OF PHYSIOLOGIC THERAPY
Dracvosis

With the index finger introduced to a depth of 8 ta § ¢m., tone and function of
the pubacoceygeus are determined by palpation in the middle third of the vagina,
Normally, the vaginal canal at this point is tight and the firm walls shape them-
selves sougly around the examining finger. Contractions can be felt in the entire
circumierence {Kegel, 1951).

Atrophy of the pubococcygeus and its visceral extensions is charactesized by
marked roominess of the middle third of the vagina, beginning immediately with-
in the introitus. The camal is shortened, the walls feel thin, and give the im-
pression of being detached from the surrounding structures. The Sndings are
most significant in the anterior and lateral aspects of the middle third of the
Vaglﬂ:l.

Function of the pubococeygeus is aseertained through the patient’s response to
efforts at contraction. Normally strong coutractions are palpable in the middle
third of the vagina, and when measured with the Perineometer show contractile
strength equivalent to 20 mm. Hg, or more (above initial static pressure). In
patients with urinary stress incontinence contractions are weak or absent, and
when d with the Peri rarely result in readings of more than 5
mm. Hg (above initial static pressure). Awareness of function is Jacking, and
many patients state that they did not koow that it is possible to contract the
perivaginal muscles.

Muscre Epucation

3

The aim of muscle is to establish full of function of
the pubococeygens. To this end it is y for the physiciau to di any
muscolar activity in the perineum which may result in even slight contractions
of the pubococeygeus. Once such contractions are elicited they are identified
for the patient.

Faint contractions of the pubococcygeus are most readily discovered in two
places: (1) near its attachment to the os pubis; (2) posteriorly, where the fibers
converge for attachment to the coceyx (Fig. 1).

If o tensing of the pubococeygeus can be folt as the patient exerts voluntary
effort to contract the muscles in the middle third of the vagina, various maneu-
vers are available to induce such contractions. The patient is requested to draw
up or draw in the perineum as a whole; contract and draw up the rectum as
though checking a bowel movement; contract as though interrupting the flow of
urine while voiding. (Mere puckering of the anus or twitching of the urethral
meatus without retraction is of no value.)}

Should these maneuvers fail to induce ions of the pul geus dtself,
antagonistic action of the muscle may be elicited by exerting digital pressuze to
the point of discomfort against the posterior p]aha of the levator ani (Fig. 2).
In obstinate cases veflex may be duced by pricking the skin
lateral to the rectum.

Through these various p of the
pubacoccygens are produced and bmught to the nttenuon of the patient. Re-

3
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patient (Kegel, 1948). Only a slow and gradual increase of readings is physiologic,
and any sudden changes indicate usc of extrancous muscles, such as those of the
abdominal wall, thoracic diaphragm, external sphincters, or gluteal and thigh
muscles. Complaints of fatigue, irritability, or discomfort arc generally due to
use of extraneous muscles and exertion of unnecessary effort. In the few instances
in which sexual excitation was noted, it occurred on a psychologic basis.

1

Frc. 8.~

—The Peri ployed in muscle
coceygeus muscle. Strength and function of the perivaginal muscles are developed through

and resistive exercises of the pubo-

against prog; offered by the pneumatic cylindric diaphragm. The
manometer serves as a visual guide m blishi of ion of the pubo-
coceygens muscle,

Muscle education and resistive exercise correctly and diligently performed
establish an action pattern which will rarely be lost again, Strong, sustained con-
tractions produced by voluntary effort can be palpated where none could be felt
before, particularly in the anterior vaginal wall. Continued exercises will result
in improved tone and texture of all supportive and sphincteric tissues (Jones),

and in changes in the position of the urethra, the bladder neck, and the other
pelvic viscera.

Active EXERCISE WITIIOUT THE PERINEOMETER

Once contractions of the pubococeygeus and its visceral extensions have been
firmly established as a reflex pattern, the patient is able to continue exercises with-
out the aid of the instrument. Women differ greatly in the degree of their lack
of awareness of function, and also in the time required for muscle trainin

 Active exercises attempted without the instrument, even after adequate insgt;uc-
tion, have proved of questionable value. In some cases good immediate result
were obtained, but recurrences were frequently noted; in other patients res, ons:
was poor or entirely lacking. Thus a period of exercise with the instr\i) t
is suggested in order to start the patient correctly, to avoid time-consumi o e
instruction, and to spare her disappointment and discouragement. e e
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Fie. 2.-Method of inducing the patient to contract the posterior plate of the levator ani

Pressure with the index finger against the posterior plate usually produces an antagonistic con-

traction. Adequate repetition will aid the patient jn learning ‘to contract the pubococcygeus
muscle,

Ressstive Exercise

Full strength and function of the pubocaceygeus aud its visceral extensions are
developed by contractions against increasing resistance, as made possible by the
p ic chamber of the Peri {Fig. ). The cylindrical shape of the
resi: hamber permits ise of muscles in the entire circumference of the
vagina, and judging from the therapeutic results the effect extends to the end-
fibers of the pubococcygeus inserted into the musculature of urethra and/or
bladder neck.

After it has been made certain that the patient js using the Perineometer cor-
rectly, she is fnstructed to exercise with the aid of the instrument at home, 20
minutes three times daily, or for a total of at least 300 contractions a day, In
addition, she is advised to perform frequent ions of the pub v
without the instrument.

A weekly check on the correctness of resistive exercises is necessary for one
month or longer, and is facilitated by means of a progress chart kept by the
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Partial relief or failure occurred in 16 per cent of patients and could be traced
to local or general complicating factors. These included marked shortening and
searring of the anterior vaginal wall resulting from previous surgical procedures
of radium therapy, fogic changes, mental defici y, -senility, advanced
diabetes, and obesity.

In general, success of physiologic therapy in the presence of complicating
factors depends largely on the degree of newrologic involvement. The results
obtained in multiple sclerosis were practically all negative, those in poliomyelitis
were slightly more favorable. Residual incontinence following minor spinal
cord injuries was relieved in 2 patients. Results in diabetic patients who responded
well to general therapy were satisfactory. In 16 markedly obese patients good
results were obtained when physiologic therapy was combined with a regimen
for weight reduction. For senile and tally deficient patients an extended triai
period is suggested, provided they are able to comprehend and follow instructions.

Scarring and loss of elasticity of the tissues are often observed after multiple
operations in the region of anterior vaginal wall and bladder neck, including
vaginal hysterectomy and interposition procedures. Resistive exercises diligently
applied over a sufficient period of time resulted in softening, increased tone and
resilience of the structures, and subsequent relief of urinary stress incontinence.
In 8 instances there remained constricting fibrous bands extending from the vault
of the vagina to the region of the bladder neck, and relief of urinary stress in-
continence was not obtained until the bands were released through minor plastic
surgery.

PHYSIOLOGIC THERAPY IN RELATION TO SURGERY

Valuable observations were made in the series of 66 cases in which physiologic
therapy was applied following surgical failure.

(1) Simple plication of periurethral tissues (Kelly stitch) did not interferé
with subsequent physiologic therapy.

(2) Following surgical procedures involving extensive dissection of structures
attached to the urethra and bladder neck, response to physiologic therapy was
slow and the results were in some cases incomplete. Postoperative hemorrhages
and hematomas were reported in several cases.

(3) Good results were obtained with physiologic therapy in those cases in
which urinary control was satisfactory in the immediate postoperative period,
:Imd recurrence was due to further gerital muscle relaxation, months or years

ater.

(4) When urinary control was not restored immediately following surgical
intervention, or incontinence was made worse as in some cases, ‘lhec;-esults of
physiologic therapy varied. It is assumed that in those cases in which good results
were obtained through musele education and resistiv
fajled to reach the control area.
group are thought to be due to se
attachments.

(5) Following plastic procedures involving the
ologic therapy encountered greater difficulties wi

¢ exercise the operation had
Poor results from physiologic therapy in this
verance or faulty healing of essential muscular

anterior vaginal wall physi-
hen the anterior vagina had
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Seecian Measures

Patients suffering from urinary stress incontinence usually have formed the
habit of restricting fluid intake. In order to increase the use of the muscles of
the bladder outlet they are advised to drink 10 or more glasses of water a day,
and to stop the flow of urine several times while voiding. The contractions which
resulted in interrupting the stream should be remembered and immediately
duplicated in exercises with the Perineometer. The use of vaginal tampons which
exert pressure on the bladder neck to control the urine is discontinued since
they interfere with the urinary reflex and contribute to atrophy of the pubo-
coceygens. For the same reasons perineal pads to absorh the urine are reduced
in size and eliminated as quickly as possible.

INDICATIONS AND RESULTS

Physiologic therapy is indicated in all phases of true urinary stress inconti-
nence (1) in simple or intermittent urinary stress incontinence, {2) in severe
and complicated urinary stress incontinence, (8) as an adjunct to surgical cor-
rection, and following surgical failure, and (4) in prevention of urinary stress
incontinence (Kegel, 1951).

Sinveere UniNary STress INCONTINENCE

Approximately 75 per cent of women treated for urinary stress incontinence
complained of temporary loss of urinary control with coughing, sneezing, laugh-
ing, lifting, or other sudden strains. The condition was aggravated by illness,
tatigue, nervous tension, ete., and usually became more marked following child-
birth, during the menopause, and in senility.

In this group response to physiologic therapy is prompt, and symptoms usually
begin to improve within two weeks of resistive exercise with the aid of the
Perineometer. Urinary control under normal cireumstances has been restored
consistently in more than 400 patients in this group. Thus physiologic therapy
provides a successful treatment for an annoying and embarrassing condition with
undesirable psychologic side effects, which formerly was endured for many
years until it became severe enough to warrant surgical intervention.

SevERre AND COMPLICATED URINARY STRESS INCONTINENCE

Approximately 25 per cent of women in our series complained of almost con-
stant dribbling and the reflexes of urination had been markedly weakened or
practically lost. Usually pads were depended on to absorb the urine,

In this group of women awareness of function of the pubococeygeus is achieved
with difficulty and progress is slow. It is often necessary fo repeat instructions at
weekly intervals for many months. Good urinary control, however, was estab-
lished in 84 per cent of instances. Patients were able to discard their pads, and
occasional recurrences following debilitating illnesses were controlled by re-
sumption of resistive exercises for a few weeks, One hundred and forty-_six
patients had previously undergone one or mose surgical interventions favolving
the anterior vaginal wall, and 60 major pelvic operations.
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of antepartum and postpartum exercises, are highly promising (Bushnell; Miller
and Hyde).
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been shortened and narrowed, thus creating tension instead of support in the
region of the bladder neck. Apparently this is due to plication of the lateral
structures at too low a level.

(6) In the presence of urethrocele and large cystocele, it has proved advisable
to relieve urinary stress incontinence first, and to postpone repair of structural
detects, when indicated. Thus sphincteric function of the bladder outlet is
assured and the chances of affecting the incontinence adversely are reduced to
a mmimuni.

(7) Successful application of physiologic therapy in the treatment of surgical
tailures suggests that muscle education and resistive exercise are indicated in all
cases of urinary stress incontinence, either as primary therapy or as an adjunct
to surgical intervention. Even in the presence of obvious structural defects
resistive exercises should be instituted for an adequate period of time before
resorting to operative procedures. In any case, nothing can be lost by such a
plan, as physiologic therapy will not only improve function and tone of the
tissues, but also their texture and tensile strength, thus facilitating surgical
technic. In those instances in which primary physiologic therapy fails to relieve
urinary stress incontinence, the complicating factor should be carefully deter-
mined and the surgical procedure best suited chosen accordingly. Regardless of
the type of operation decided on, postoperative muscle education and resistive
exercises will aid in improving function, tone, and elasticity of the tissues to
enhance the surgical result.

PREVENTION OF URINARY STRESS INCONTINENCE

Urinary stress incontinence is recognized as a steadily progressive condition,
but until now no conservative measures have been available to interrupt the
physiopatholegic process during its early stages. Physiologic therapy affords
an opportunity to investigate and diagnose early manifestations of urinary stress
incontinence. In the past, urinary stress incontinence was generally traced to
traumatic incidents, especially during parturition, or to degenerative changes
associated with the menopause, prolonged illness, and senility (Gainey). In the
majority of cases of urinary stress incontinence, however, it is possible to elicit
a history of earlier idiopathic dysuria, i.e., complaints of so-called bladder weak-
ness dating from childhood, enuresis, nocturia, repeated attacks of urgency and
frequency without apparent cause. These patients seem prone to recurrent
cystitis in spite of adequate urelogic therapy. When such complaints coincide
with a finding of lack of awareness of function, and atrophy of the pubococcygeus,
they can often be relieved through muscle education and resistive exercise. It
may be concluded that this syndrome represents a predisposing status for the
subsequent occurrence of overt urinary stress incontinence developing under
the influence of such precipitating factors as trauma and degenerative changes,

Prophylactic physiologic therapy, therefore, is indicated whenever patients
approaching childbirth, pelvic surgery, or the menopause present early signs of
urinary stress incontinence or a history of idiopathic dysuria corhbined with dys- .
function of the pubococcygeus muscle. While valid statistical data on the prophy-
lactic effect of physiologic therapy are not yet available, early results, especially
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The 19th century was characterized by more determined cfforts to control
fractures. John Kearny Rodgers, in 1827, used wire loops on the shafts of bone
and Malgaigne introduced his adjustable metal hooks for treatment of fractured
patellae. H introduced the basic idea of the bone plate fastened with
screws in 1866 (Fig. 1). The metal from which the bone plates were made was
varied by dilferent surgeons. Steel, brass, bone, ivory, and other substances con-
tributed to the fixation devices. The use of bone plates in the 19th century was
Dasically the same as in the 18th century, as they were used only on compound
fractures.

The beginning of the 20th century was noteworthy for the efforts of Lambotte
to intraduce internal fixation in closed fractures to improve the reduction of the
tragments. William Arbuthnot Lane devised his steel plates (Fig. 2) and William
O'Neill Sherman sponsored internal fixation by means of steel plates of his
design made of vanadium steel. The progress in roentgenology, in aseptic surgery,
and the means to retain fractures in satisfactory reduction offered a solution of
difficult cases which was enthusiastically accepted.

©006—6-6-09
000000

Fic. 2—(A) Lane type of plate. {B) Sherman type of plate.

During this same period, efforts at fixation were not limited to plates. Wire,
metal bands, brackets, bolts, staples, serews, clamps, rods, and probably every
conceivable type of apparatus was suggested, used, or discarded, depending on
the results and enthusiasm of the surgeon. Time has eliminated many of the
devices but some remain for occasional use, especially wire and screw fixation
in a limited domain,

Intramedullary fixation was not overlooked during this aggressive period of
the first quarter of the 20th century. Hey-Groves used a steel pin in the medullary
cavity of the femur to secure stability after reduction of the fracture. Later, the
improved and practical intramedullary nails of Rush, Kiintscher, Hansen-Street
and others were successfully introduced. ’

In reviewing the attitude of the first 25 years of the 20th century, one feels
that all efforts were stimulated by the desire for complete immobiliz’aﬁon. The
tight screws and instruments to make wires and bands taut were typical of an
intense desire to secure thorough fixation which seemed to permeate all surgi : 1
e urgical

Soon thereafter, internal fixation met physiclogic difficulties. The tolerance
of the human body to steel and other metals was found to be nonreceptive.



The Internal Fixation of Fractures of
the Shafts of Long Bones

G. W. N, EGGERS, MD,

INTRODUCTION

HE USE OF MECHANICAL devices to correct bodily deformities and to aid surgical
Tprocedurcs probably was jnitiated when man first endcavored to treat him-
self. The cycle included many devices and procedures erudely constructed but
fimited to external application of the affected part. The apparatus had exten-
sive application in medical as well as surgical conditions as we consider them
today, and it was only the logical scquence of events that in the surgery of
trauma an effort would be made mechanically to reduce and maintain fractures
in satistactory positions. The early endeavors of internal fixation were vestricted
to exposed bone as in compound fractures, and these efforts soon resulted in
controversy as to the propriety of internal fixation. As would be expected in the
days before bacterial infections were understood, therc were disasters which
justified opposition to such procedures. Internal fixation remained in this surgical
status during the 18th century. .

Frc. 1.~A drawing of Hansmann's onginal bone plate which was bent so that the end of the
plate projected from the wound. Coarse-threaded screws were used with the ends also pro-
jecting from the wound. This was the firt bone plate which was found to be praeticable.

from Venable, C. S., and Stuck, W. G.: The Internal Fixation of Fractures.
{Dravm fr C. C Thomas, 1847.)

iga
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The healing process of bone differs in certain basic features from the soft
tissue reparative processes. The final recovery of soft tissues is by mature fibrosis,
whereas bone requires re-establishment of the structure from the basic cell to
adult bone with complicated cellular changes, development, and mineral deposi-
tions. This complicated physiologic sequence of events proceeds in an orderly
fashion unless disturbed or disrupted by constitutional or Iocal variants.

Fic. 3.—(A) Nonunion with the Sherman type of plate. (B
and skeletal traction.

} Union after removal of the plate

The constitutional pathology of systemic di ital deficienci

of ts_:‘!;;pemxi.ly di.sturbed physiology requires recogm’(io: S0 as to ermit, D;
possible, an intelligent correction of the condition. Pathologic fmcturef must’ b1
e
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Failure to secure the perfection sought, soon resulted in return to the closed
method as the most desirable treatment.

Fortunately, the efforts to correct the previous difficultics continued. Many
metals were studied, and the alloys which the metallurgists were creating re-
ceived careful consideration. In 1936, Charles S. Venable and Walter G. Stuck
showed that the untavorable reactions of bones to metals were due to electrolysis.
Masmonteil pertormed similar experiments in France about the same time, The
ultimate result of these scientific investigations was to sccure inert metals for the
internal fixation of fractures. Vitallium, an alloy, and certain steel alloys were
found to be relatively inert when used about bones in surgical procedures. No
doubt this contribution will remain outstanding in the history of internal fixation
of bones. Mechanical apparatus and physiologic tolerance of certain metals were
approaching a logical interrelationship which would permit advances in the ap-
plication of metals about and in bones.

Internal fixation gradually assumed greater importance in fracture treatment.
Technic improved and results were better than ever before. The attitude, how-
ever, prevailed that to be successful surgical procedures should endeavor to
secure complete immobility. This attitude of stability with immobility was
strongly sponsored by many as the accepted fact. At the present time, it is still
accepted by some of the surgical profession. However, in cases of immobility,
the observation was made that certain fractures failed to unite for no apparent
reason, or they did unite when the plate bent so as to allow bony contact and
physiologic responsibility. Another pertinent observation was that if nonunion
of a fixed fracture occurred, the simple removal of the plate to allow contact and
compression of the fractured ends to occur resulted in union of the fracture
(Fig. 3). These observations consummated in treating fractures by internal fixa-
tion with a method which would permit constant contact of the fractured ends
“during the healing period maintained by the normal muscular forces. These same
forces contributed interfragmentary compression to the fractured area and were
in the physiologic muscular balance. The mechanical means by which this was
accomplished was the internal contact splint which by limited fixation permitted
longitudinal interfragmentary pressure and maintained a physiologic stability

(see Fig. 9).

Internal fixation at the present time has approached a status which permits
us to utilize material and methods which do not hinder the physiologic processes
of osseous repair. The clinical and experimental evidence of contact and com-
pression permits the evaluation that this basic principle is a favorable, sound,
physical tactor which is conducive to desirable physiologic accomplishments.

The objective of treatment of fractures is to secure an anatomic result and
perfect restoration of function. The science of internal fixation is to render surgical
physiologic assistance to the displaced fracture and permit a physiologic accom-
plishment. The desire to give immediate structural function to fractured bone
by operative methods has by self-evident fallacies influenced unfavorably our
attitude in the surgical treatment of fractures. All surgical treatment of fractures
must be a physiologic mechanical effort to permit osseous repair to progress to
completion in the affected bone. There is no artificial lasting substitute for true
osseous union of a fractured bone.
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done which indicated that such physical facts bear a definite relationship to heal-
ing processes of fractured bones. The investigative work was done on the parietal
bone of adult rats.

The parietal bone of adult rats was selected because it is free from muscular
attachments, and thercfore any artificial physical forces applied would not be
confused with any muscular forces exerted in the selected experimental area.
A flap was cut (Fig. 4) and, by means of split rubber bands, the bone flap
was compressed on cither side as desired. After varying periods of time, the
animals were sacrificed and the flap margins were studied.

v ot \
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Fie. 4.—Enlargement of operative site, showin ; ion i i
3 g how compression is applied
compression point is indicated by ext?:x drill hcleg.p iod medially. Alternate

(Eggers, G. W. N,, Shindler, T. O., and Pomerat, C. M.: J. Bone & Joint Surg., 31A:693, 1949,)

In this investigation, the marg
and contact showed marked os
flap which w:

ins of the flap which were under compression

teogenetic activity or union. The margi
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as not compressed did not show any effort of union, Ingadditio}:le
3



134 MONOGRAPHS ON SURGERY

recognized before any surgieal relief is applied to the broken parts. The presence
of debilitating disease, anemia, vitamin deficiency, protein insufficiency, and
improper diet, as well as other constitutional disorders, rust receive consideration
and correction. Before a satisfactory local response can be anticipated in frac-
ture healing, the constitutional contribution must be stabilized to the accepted
notmal state as medically evalnated by our present standards. When this is
ackieved, then aur elforts must be applied to the local problem. It may be
necessary to treat the patient simultaneously for both his general deficiencies
and his Joenl osseous trauma,

The microscopic appearance of the repair of fractures by histologic methods
has been studied by many, and the appearance of the cellular activity and
of the progressive formation of adult hone is basically accepted by the profes-
sion, There are differences of opinion as 1o cellular participation and the
influences of the chemistry at the local area, but the reparative process is funda-
mentally dependent on the creation of o new structure influenced by circulatory,
chemical, and physical factors, These factors must be favorably maintained,
:md any surgxm} pmccdures contemplated must respeet and utilize the necessary
physiologie and y

The surgical treatmcnt of a fractured arex must therefore preserve the circula-
tory status of \he affected parts. This is plished by avoiding methods which
remove the peri or 1 hments, depriving the bone of the”
circulation received from such sources, Particular care must be exercised in
preserving the main arterial vessels which enter and are distributed to the bones.

We have no specific approach to altering the chemical processes in the local

fracture area. The reaction of the b and the physiologi can
be approached only by mai of a good i 3 condition. This
is hed by diet, t fusi and of fluid balance, normal
protein, and related chemical levels, The active contracti of the lature
of the aftected and adjacent areas contribute with their circulatory stxmulatmg
effect {“accessory hearts”) and the mai of bone responsibility, dimini

ing the decalcification of disuse atrophy.

The physical tactors affecting the fractured bones arc the restoration of align-
ment, contact of the fractured areas, and creation of mechanical situations whxch
favorably influence the physiologic healing p This is
by physmloglc stability, which means that the fractured ends should be stabilized
56 as to prevent abuormal shearing motions and at the same time to permit the
fractured surfaces to come in contact and be held there by the compression
forces maintained by the muscles. The well managed dlosed reduction has

iologic stability established by proper t. When all factors are equal,
the closed reduction should be the method of choice.

The purpose of internal fixation is to secure the benefits observed in the closed
reduction. To accomplish this requires an understanding of the response of
bones to the physical forces of contact and compression, To achieve the require-
ments which clinical observations show to be necessary, there was instituted a
method of internal fixation by means of the contact splint or slotted plate which
permits fongitudinal migration, and at the same time provides stabxmy In ordcr
to determine the real valug of compression and contact, experim -t
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the control arca not subjected to compression or contact did not present any
active effort to repair the surgical fracture. The margin could be sclected to
unite at will and since the response was constant, we were impressed that the
contact-compression factor, as the force was called, had a beneficial influence
onghe healing of bone. Therefore, the contact-compression factor is the combina-
tioh of contact and the force to promote contact exerted on bone structures for
which osseous union or osteogenesis is desired.

Figures 5A-C show an experiment in which the contact-compression factor has
been applied for 17 days to the lateral margin. The lateral margin has united under
the influence of the factor, the medial margin has not united.

Fie. 5C.~Medwal cut (X 120). There is fibrosis and no union of the medial fracture margin.
(Eggers, G. W. N, Shindler, T. Q., and Pomerat, C. M.: ]. Bone & Joint Surg., 814:693, 1849.)

In Fig. 'GC, the medial margin of the flap has received the benefit of the contact-
compression ffactor and has united. The lateral margin, having no contact-
compression factor, shows no effort to unite. The undist:

X urbed skull margi
no effort to fill the fracture gap, riin makes

]Ill. lgxgs. 7A-C, the contact-compression factor was omitted and nothing was
applied to influence the margins of the bone flap. In this case, there is no union
even afte-r a period of 94 days. Therefore, the complete absence of the contact
compression factor has resulted in nonunion. o

Figures 8A-C represent control areas of a compression experiment. This non
compressed control area in an animal in which the experimental flap wa -
pressed shows no osseous activity to close the fracture gap P s cone
wInfour (\lvml'k, \\l'e observed that too much pressure caused necrosis of the b

e found also that even though an area was i T

L an area was infected osteogenesi i
the side where the contact-compression factor was applied genests occurred in



T e 'S
it -. A,
e F— /.‘»; (_..;:.'v/f.‘j_ H

-

F1c. 5A.—Seventeen days ( X 85) Lateral contact-compression factor was applied. Contrast the
osseous union on the lateral aspect with the fibrous tissue in the fracture gap on the medial side.

e

Fic. 5B —Lateral cut (X 120}, showing union of the lateral margin,
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Fic. 6C.—Medial cut (X 120), showing osseous union of the approtimated margins.
(Eggers, G. W. N., Shindler, T. O., and Pomerat, C. M.: . Bone & Joint Surg., 31A:693, 1949.)

R |

incty-four days (X 35). No contact-compression factor was aj
umion of the medial and lateral margins.

Fic. 7TA—Ni N
b pplied. There is non.
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Fic. 6A.—Thirty-nine days (X 35). Medial contact-compression was applicd. Osseous union has
occurred on the medial side; there 1s nonunion of the lateral margin.

Fic. 6B.—Lateral cut (X 120). There is nonunion. Osteogenesis is present, with no purposeful
effort to fill the fracture interval from the lateral skull margin,
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Fic. 6C.~Medial cut (X 120), showing osscous union of the approuimated margins.
(Eggers, G. W. N., Shindler, T. O., and Pomerat, C. M.: J. Bone & Joint Surg., 31A:693, 1949.)

f

,,,,, — e ]

Fic. TA—Ninety-four days (x 35). No contact-compression Factor was applied. There is non.

union of the medial and lateral margins,
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Fic. 8A.—Thirty-nine days (X 35). Medial contact-compression was applied. Osscous union has
occurred on the medial side; there is nonunion of the lateral margin.

Fic, 6B.—Lateral cut (X 120). There is nonunion, Osteogenesis is present, with no purposeful
effort to fill the fracture interval from the lateral skull margin.
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ixteen days { X 85). No contact-compression factor was applied to this area of the
flap. No cffort at union of the fracture margins is evident.

Fic. 8B.

~Lateral cut (X 120). There is no purposeful osteogenesis for union,
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Fic 7B.—Lateral cut (X 120). Lateral fracture margins are not united.
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Fic. 7C.—Medial cut (X 120). The medial fracture margins are not united.
(Eggess, G. W. N,, Shindler, T. O., and Pomerat, C. M.: J. Bone ¢& Joint Surg , 314-693, 1949.)
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the pressure as it will vary with the muscular mass and muscular effort of the in-
dividual. However, we are of the opinion the presence of the contact-compression
factor is essential to good fracture treatment and must be utilized.

1 1 syl

Fic. 9A.~Femur with contact splint applied. Longitud pull is d by the use
of rubber bands. The splint is not rigidly fastened, and traction shows how fragments will
separate. Proper screw pl t operation presents di i

Fic. 8B.—Femur with contact splint applied. With traction released, the longitudinal pull with
rubber bands opposes the fractared ends, maintaining them in apposition with contact com.
pression during the course of healing,

 The utilization of the physiology of muscular activity requires early restora-

tion of motion which, while it produces interfragmentary pressure and improves

circulation will also maintain joint activity. The perfect situation cannot always

be accomplished, but an endeavor should be made to approach perfection, ’
T{le clinical application of the many necessary factors which will aid frnéture

hc:’ilmg must be recognized and used advantngeously. An operative proced

using metals must utilize the inect alloys. When several parts are usedpas p]al:Z

,
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The clinical importance of the experimental work summarized above is that
the healing of bone is benefited by securing contact of the fractured ends and
allowing them to be under pressure and the pressure to which they are ac-
customed, we believe, is the optimum pressure of the individual affected. The
fractured ends must not be distracted by excess traction or by fixation which
prevents the compression forces from acting on the involved fracture surfaces.
For many years, the surgical approach to fracture treatment has been such that
when the fixation was accomplished a feeling of a completed procedure per
se was accepted. This is not so, and not until the bone has re-established its bony
continuity can the healing process be idered a physiologic lis}
No metal is a substitute for {racture healing.

e E o

=L Wik
Fic. 8C.—Medial cut (X 120). There is no purposeful osteogenesis for union.
{Eggers, G. W. N, Stundler, T. 0., and Pomerat, C. M.; J. Bone & Joint Surg., 314A:693, 1949.}

To apply the principle of the contact-compression factor to clinical fractures
required the revising of some of our previous concepts of operative fracture
fixation, A method was devised to allow the fractured ends after reduction to
remain in contact and the fractured ends to receive the contact-compression
forces which the muscles normally exert on the injured bone, The fixation, allow-
ing the intertragmentary pressure also, had to be such as to offer stability to the
fracture. To accomplish this, the slotted type of plate or internal contact splint
was devised. The principle of the fixation is to stabilize the fracture, and by not
tightening the screws to permit longitudinal pressure on the fractured portion of
the bones, The muscular forces produce this pressure by tone and muscutar
activity {Figs. 94 and B). We are unable to deterinine the mathematicnl value of
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Fic. 10—Experimental type of splints discarded. The upper two splints are 2 inches long and

are too short.
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and screws, it is absolutely essential that they be of the same metallic alloy to
prevent electrolysis and the difficulties attendant thereto.

The length of the plate is important, This is especially true in practicing the
contact and compression of interfragmentary pressure. The forces produced
longitudinally on the shaft of bones are in many planes, because of the various
attachments of the muscles producing the forces. This fact requires the splint or
plate to be long enough to convert the longitudinal shearing forces into compres-
sion forces. A short plate cannot receive the proper leverage for such conversion
of torces and is not desirable, One must use a long plate or splint in securing the
proper stability for a shaft fracture.

The conversion of the forces acting on the fragments into longitudinal com-
pressing torces is the principle of the slotted plate. As these forces act on the
tracture tragments and oppose them, their obliquity Jocks the splint in stability
and at the same time does not hinder opposing longitudinal migration of the
fragments which may be necessary during the healing process. However, if
these forces are not converted to compression and only a proportionately long
splint will do it, the forces themselves become shearing in type which is not
desirable or conducive to prompt fracture healing.

The plate must be strong enough not to be bent by these divergent forces
acting on it, and yet it must be sufficiently pliable so that it can be made to con-
form to the surfaces to which it is applied. In this consideration, one must
remember that no plate, splint, or intramedullary nail has been made which
cannot be bent. This means that all of these devices are only aids in our work
and that full responsibility of the bone occurs only when union is complete. There
are great strains at the fracture site and sufficient time for healing must be al-
lowed. The present status of commercial plates and splints is such that the article
supplied 1s that which the manufacturer cares to produce. Most manufacturers
are co-operative, but there is no way by which one can impose rigid measure-
ments as to size, thickness, design, or engineering principles to a certain type of
device. This is unfortunate because a few poorly manufactured articles may dis-
credit a good method of treatment.

The contact splint is designed for a maximum strength for the width, length,
and thickness, The basic construction involves the double L-beam principle for
longitudinal rigidity and a heavy central portion increases the strength in the
area of the tracture. There are two slots, one on either side, which permit a choice
of placing the screws and also the number of screws. The single-slotted plate and
the tour or more oval slots were used in the early experimental work with the
splint. The single slot was discarded because of the lack of strength in the central
portion (Fig. 10). The many slots were discarded in favor of the two slots because
the small amount of metal contributed little to the strength of the plate and too
often the interslot metal covered the place for an additiomal necessary screw.
Therefore, the superiority of the two-slotted plate resulted from clinical use

and the other types have been discarded, Properly made, the two-slotted contact
splint is a sturdy, well engineered piece of apparatus (Fig. 11).

The application of splints or plates may require conformation to a surface
to which they will not fit without bending. The splint must therefore be of a
metal which will permit bending (Fig. 12B). The steel and vitallium splints which
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Fie. 12A.—Communuted fracture of the right tibia.

The length of the screw is important. It should pass through both cortices
of the bone (Fig. 13) and extend through sufficiently for complete engagement.
1t is undesirable to have screws projecting any great distance beyond the bone.
This requires proper length of screws or a cutting instrument to shorten long
screws. Short, one cortex screws are not good except in oblique fractures where
it is impracticable to use a long double cortex screw ( Fig. 14). Properly
several short screws in combination with a long screw can give remarkab,
ity. Their use is condoned in certain situations.

The anticipated prolongation in the healing period of most compound frac-
tures must be carefully evaluated. Early muscular activity and, in \veight»benring
bones, partial or light weight-bearing are useful adjuncts to the healing process.
Early full weight—bearing is not recc d b ive interfr:

¢ Y
pressure may result in detrimental necrosis of the fractured surfaces of I:he bone

placed,
e stabil-
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are available can be bent but, as would be necessary for a good splint, the bend-
ing can be done only with the plate benders and requires considerable force.
It is best to evaluate carefully the bend required in a plate and accomplish it
in one effort. Repeated bending of a plate is not beneficial to the internal struc-
ture of any metal and should be avoided.

Fic. 11.—Contact splint, 8, 5, 4, and 3 inches in length,
(Eggers, G. W. N. et al.: Arch. Surg., 62:467, 1951.)

The application of the splint to the bone is important. The splint should fit
snugly but should not press against the structures with destructive force, nor
should it bind or prevent interfragmentary pressure. A flat surface is desirable
for this. It is undesirable to make a splint curve to fit the entire area of the shaft
which it covers. This is due to the fact that all long bones are not mathematically
straight nor their arcs of curvature a mathematical repetition. Therefore, a flat
surface causes less local pressure, fits well on the many curving areas, and does
not hinder opposing longitudinal migration of the fragments. The ends of all
splints or plates should be beveled and sharp corners are to be avoided. This is
not too important but makes for a smoothly fitting contour.

The question as to what type of screw should be used to fasten the splint or
plate is still being debated. The depth of the thread on the screws, the number
per inch, the type, the shape of the head, and many other features are praised
or condemned. There are reasons for such attitudes. Many screws are inadequately
made, and in plate and fracture work the well constructed screw is essential.
The heads of some screws are soft and these should be discarded; in others, the
slot for the screw driver is inadequate, There are other deficiencies which the
manufacturers have recently eliminated, and the lack of good strong screws
has gradually decreased. The screws should be self-tapping and fit well into the
hole bored to receive them. The drill hole should be small enough to engage the
screw securely. The success or failure of an open reduction often is dependent
on good unbreakable screws well engaged in the bone.




FRACTURES OF THE SHAFTS OF LONG BONES 149

or bending of the splint. Reasonable means to promote recovery should be
utilized to the best advantage.

Fre. 14.—-Oblique fractures of the tibia showing the use of long (A) and short (B} screws in
the distal fragment,

The administration of the antibiotics is routine in all surgery of fractu
except those with severe allergic responses. All fracture surgery results i res
wound which will accumulate a certain amount of serum and rt);le bzns mda
may slowly coze and form hematomas of varying proportions. Man N en] :
areas have small-pooled blood accumulations, and in compound f,,f]ctrr:c‘:};:
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F16. 12B.—Four months and 19 days after application of the contact splmt. The splint was bent
to accommodate the Jower shaft of the tibiz. Ostcotomy of the upper one third of the fibulx to
allow compression forces to act. The patient is walking on the leg with satisfactory union.

AU

<IN}

Fic. 18.—Types of screw heads. The screws must go through both cortices of the shaft.
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Fresh compound fractures arc always a problem requiring the best judgment
and carcful technic of the surgeon. These fractures require the careful débride-
ment of a potentially infected wound and exposed bone. The preparation has
been thorough cleansing of the affected part with soap and sterile water, followed
by carcful removal of devitalized skin margins and soft tissues. Attached bene
fragments are not removed and larger detached ones are retained. The wound
is cleansed with soap and water and then thoroughly irrigated with sterile
normal saline solution to complete the mechanical cleansing. Sclerosing antiseptics
shonld be avoided because of soft tissue coagulation. The soap and water
cleansing is repeated until the wound is considered mechanically cleansed, with-
in all human possibilities. After this process, the extremity is redraped and
with fresh instruments, the operators having changed gown and gloves, the final
ritual of cleansing is considered completed.

The problem in these cases is whether or not to use internal fixation. The ques-
tion cannot be answered definitely. Internal fixation is certainly a boon to the
problem, and we feel that, if possible, the procedure should be done. Good technic
and the availability of the antibiotics have improved the possibility of securing
a noninfected wound. If internal fixation is not deemed advisable, the wound is
closed and treatment is instituted by cast or traction as the case demands.

The skin closure is important in compound fractures and no bone should be
left exposed if it can possibly be covered. If necessary, relaxing skin incisions
(Fig. 15) and/or sliding skin grafts should cover the exposed bone. The after-
treatment is the same as that for any postoperative fracture case: antibiotics,
tetanus antitoxin, plaster splint, cast, or balanced traction.

The healing period of bone in compound fractures, we find, is longer than
that in closed fractures whether or not they are treated by internal fixation. This
is probably due to the extensive trauma of the soft parts and severe injury
to the bone. Our experi al studies d rated that exposing the bone
ends outside of the wound delayed the healing response. The circulatory effect
on the bones may also be great from vascular damage or the contracted vessel
spasm of trauma. Transverse and oblique wounds also cause Iymphatic stasis
distal to the wounds and hamper the return to the normal physiology of the
damaged area.

Al fractures require good roentgenographic studies of the invelved area. Any
shaft fracture demands a roentgenographic study of the entire bone, including
the'].oints proximal and distal to the fracture. One may find fractures nott.
anticipated and avoid embarrassment later.

'The careful consideration of a fracture is absolutely necessary first to deter-
rsrllx]rngic::emr:::]fd v;)futr.e:;tmen:i ar;dt,hif mt;x]’nal fiaation is to be performed, the
of the angles o: :;2 f::c::;fl e(:lds Eth;m r:s‘:n:; l::; ;:l“::- }tle ;’UUSt be aware
the presence of longitudinal fractu g I 3 f 11 fi e o 1o ox small

c g nal fractures, loss of small fragments from the fractured
en.ds decreasing the fracture surface to contact, and the disposition of col

minuted fragments, The size, shape, and replacement of any 1 o

the method of retaining the fragment in position can be reas:

preoperatively. A well informed surgeon is a better surgeon.

The postoperative interpretation of roentgen films of the fracture site requires

arge fragment and
onably determined
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condition 15 quite evident. It is esseatial to adwinister the antibiotics in farge
doses preoperatively so that any static wound fuids will have a high fevel of
antibiotic activity. These pooled areas cannot be reached by postoperative admin-
istration of antibioties,

Fio. 15.~Relaxmg skin wasion, to allow cireul; as ind; d by amows. These
inetsions mnay be longer sf pecessary.

Postoperatively, the administration of penicillin, streptomycin, tesramycin,
and related antibiotics is necessary to give the patients the benefit of their ability
to hinder bacterial activity.
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In contrast to the healing “per primam” and the ossification of the callus, one
may see excessive hone formation at the fracture site. This may become propor-
tionately large and is the result of shearing forces. Union may occur but is usually
delayed and a careful survey generally shows the lack of controlled compression
and contact of the fractured ends. The bone formed in these cases generally closes

T

1

Fic. 17.—The formation of hard avascular bone (Leloid t

17 ype) due to efforts of lete im-

mobibzation which failed and permitted shearing forces at the fracture site c;:n«;PrZ:u!‘;;i
m nonumon.

fhff medullary cavity, is excessive in type, and of poor quality. If cut with a chisel
lf is mafble-likc with only a sprinkling of tiny pink spots because of the oe ;
\lgscu.lanty. This type of bony reaction we speak of as “keloid formation” (Ii?‘ior
in~3(,1 in contrast to healing “per primam,” and it indicates that the treatment hg‘

adequately controlled the fracture ends. The quantity of bone deposited aboi:
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careful study and evaluation. The use of the term “callus” is so loosely applied
that often it is difficult to understand what one 1ctunlly means by it. The enrly
formation of callus and the stabilizing effect especially when caleium is d

should be the general connotation of the term, and such callus is p1mcuhr]y
apparent in young people or often in severe closed injuries. The callus may or
may not become ossified and participate in the bony unijon of the fragments.
Much of the callus may be absorbed. When present, the callus may be useful

ety

e

M
i
J
i

Fic. 16.-Most of the shaft healed per primam with lttle ossification of callus. Complete hony
union 16 months postoperatively.
(Eggers, G. V. N. ct al.: Arch Surg., 62:467, 1951.)

in the bony fracture repair, but it must be clearly understood that the absence of
an exuberant callus is no indication that osseous union of the shaft will not occur.
In anatomic reduction of a fracture, little or no callus may appear, and the frac-
ture will heal perfectly B1sically this has been referred to by Dr. Robert Danis
as healing “per primam” (Fig. 16). Too often, this important fact is not ap-
preciated and an unfavorable impression of healing is conceived and mistakes
are made.
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tern of the fractured ends is obscured by the overlying callus. We feel that the
careful examination of the fracture margins in cases with little or no callus will
often reveal satisfactory progress instead of u condition which may be discourag:
ing to the uninitiated.

SCREW FIXATIOM

The fnternal fixation of shaft fractures by screws is particularly adaptable
to Jong ablique ar spiral fractures. Probably the tibia is the recipient of more
serew fiation than any other bone. Screw hixation, if properly used, ean secuse
good resnlts. Here, again, serew fivation often does not accomplish the anticipated
complete immobility which it is evpected to sccure. This is fortunate becanse
it permits the musculature to compress the fractured ends effectively, not by
desire but beeanse of the mechanical weakness of the fixation.

The uapplication of the screws should follow a definite principle. In the
transverse fracture, it is difficult to apply the traushixing screws, and this prace-
dure is not recommended. The screw should, if possible, be placed at right
angles Yo the fracture line, but obviously, this cannot always be accomplished.
1t is absolutely impossible in a transverse fracture and often difficult in spirat
fractures. The moderately oblique fracture permits screw placement at right
angles to the fracture line.

The long oblique fracture permits usuafly a sufficient numbsr of screws to
secure stability but no immobility, No doubt the use of screw fixation alone can
be satistactary in certain selected cases, but the fracture site stability is much
better when a contact splint is applied.

The type of screw is important when one uses it a5 a means of internal fixation.
The drill hole must be magde with the fracture in perfect reduction and this can
be difticult in transverse fractures. If the drill hole is out of line, the fracture
reduction will be distorted, and this is certainly not desirable. If the proper drill
hole is made to bring the fracture margins together, it is desirable that the screw
have a self-tapping point and that the neck be smooth, Thus, when the screw
enters the opposite cortex, it can compress the fracture surfaces (Fig. 19). A

F1e. 18.~Types of screws and method of applyiag them at the fracture site.

fullthreaded screw can only stabilize the opposite cortex at the distance between
the fragments which is present where the threads engage. One cannot oppase
the surfaces by progressively tightening such a threaded screw. The other alter-
native is to make the provimal drill hole larger than the ome in the opposite
cattex to permit nonengagement of the threads on the proximal side which
produces the same compression effect as a nonthreaded screw neck, Thus, to get

compression, one may have to sacrifice the stability of the screw in the proximal
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tractured ends is no criterion of estimation of the quality of the healing which
1s taking place.

The new bone formed by shearing forces must not be confused with the
ossification of callus which is a rather prompt healing effort and may form good
striated bone as the healing process progresses (Fig. 18).

A B

Fie. 18.—Ossification of callus resulting in good bone.

The roentgenographic evaluation of healing “per primam” can be understood by
careful study of the film. The quality of the roentgenogram must be excellent.
The tractured ends in these cases show no great callus formation nor is there
any excessive osseous activity about the fracture, A careful inspection of the
fracture sites does not show the sharp lines seen in the immediate postfracture
film. The tracture margins have a fine longitudinal “feathery” appearance. This
is due to the changes in the spike-like projections of devitalized bone which
were demonstrated in serial sections of the fractured femur in the dog. This
change produces a loss of transverse linear definiteness which in our experience
is indicative of active bony union and is observed particularly in the cases which
heal “per primam.” If much callus is present in the fracture site, the detailed pat-
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cortex. The value, however, is that it permits a certain amount of compression
force to the affected bone, Screw fixation is more stable than wire and con-
sequently enjoys a more popular place in certain types of internal fixation. It does
serve a useful purpose and should be properly applied in the cases selected.
No doubt the Jong oblique or spiral fracture is the most desirable type of frac-
ture for this method. In addition, this type of fracture usually heals more readily.

Postoperative cast support is necessary when fractures are maintained in redue-
tion by the application of screws.

The use of the transverse screw as an adjunct to plate fixation has had a cer-
tain degree of popularity. Its use with the fixed plate indicates the weakness of
the fired plate in fracture treatment and an effort to overcome the deficiency
by an accessory factor.

Serews alone or in conjunction with the contact splint are useful in maintaining
larger fragments in position in comminuted fractures (Figs. 20A and B).

a b c

Fic. 20A~The use of screms to hold comminuted fragment in position in conjunction with a
contact splint, (a) Tmmedsately after injury; (b} fise weeks postoperatively; (c) four months
postoperatis ely: satisfactory union,

WIRE

Wire as a means of internal Bxation has been of service for many years. The
use of this material has to a great extent been Iimited to the shafts of the smaller
bones, such as the mehc'lrpals and metatarsals (Fig. 21), but wire is also useful
in mat d in posmon (Fig. 22) when treating the
shafts of l'\rgcr bone. The '\pphcahon of wire in fractures of the larger bones

is one of personal choice.
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Fie. 24.—Application of wire to transerse and oblique shaft fractures,
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Fic. 22.—Multiple fragments held by wire fixation.

Stabilization with wire of a bone which has a great muscular pull is somewhat
difficult, especially in a transverse Oblique 1, lend tt
to better stabilization owing to the mechanical obliquity and distribution of the
fixation. A person may become quite adept at wire fixation and may achieve
satisfactory results, but generally the method is not skillfully emplayed. Praper
wire and wire-tightening instruments are necessary (Fig. 23). All bones treated
with wire fixation require cast or balanced traction support until the healing
process is completed.

As a rule, wire fixation does not immobilize sufficiently to prevent contact and
compression forces from being effective and physiclogically should not hamper
bony union, Mechanically, wire fixation renders contact of the fracture but offers
no leverage to convert shearing forces into compression forces. Thus, the wire
fixation must be strong enough to withstand rather severe mechanical strain
(Fig. 24). It is perhaps this feature and the necessity of accurate placement with
the mechanical difficulties encountered which have made wire fixation of larger
long bones unpopular. The surgeon in most cases feels a bit insecure, especially
after he has experienced the breaking of wires which permit lass of his reduetion.

There is no doubt in small bone shaft work that the use of wire is useful and
that it provides a means of fixation in areas which are not adaptable to Jarger
metal Rxation. Wire fxation of the metatarsals and metacarpals, where indicated,

is a useful procedure.
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lacks length to convert shearing forces to compression, The internal contact splint
utilizes muscular tone and contractions to secure its compression force in physio-
logic activity in contrast to the mechanical impaction of the coaptors.

Subsequent to the introduction of the slotted plate (internal contact splint)
and method of application, permitting longitudinal migration of the fragments,
many oval slotted plates have been offered by the commercial trade.
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Fic. 26.—Coaptors and screws {Daris type).
{Drawn from Danis, Robert: Théorie et pratique de Postéosynthése. Paris: Masson et cie, 1949.)

Fic. 27.—Method of applying interfragmentary pressure by a keyscrew with wrench. After
compression is completed, the screw on the side of the compressing screw is placed and both
are tightened.

(Redrawn from Danis, Robert: Théorie et pratique de Vostéosynthése.

Paris; Masson et cie, 1949.)

D @ &

Fia. 28.~Venable coaption splint with removable coaptor.
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APPLICATION OF BONE PLATES

Application of the metal plates of Hoffman and Lane was done with short
screws which passed through a single cortex, and although these plates were
useful they did not contribute a great deal of stability to the fracture site.

The Sherman type of plate with its many modifications, was much more stable,
better constructed, and longer; and, with the introduction of placing the screws
through both cortices of the bone, the fixation was more secure.

The vitallium and steel alloy plates produced many variations in construction
such as the Venable and Townsend-Gillillan types, L-shaped plates, and many
naodifications of the Sherman type of plate,

The common purpose of all plate fixation was to secure immobility. The degree
of immobility obtained was not always as perfect as desired and perhaps con-
tributed unwittingly to the success of the method. That this method had a definite
weakness is evidenced by the effort of its prap to add transfixing screws
across the tractured ends to create a more rigid fixation. The idea of rigid immo-
bility permeated all internal fixation and is still championed by some (Fig. 25).

S
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Fro. 25.—Application of plate for complete fixation, including the transficing serew. This was
the method advocated by Murray. The plate was screwed tightly to the bone.

Rigid fixation became even more paramount in the surgical treatment of frac-
tures, and we find rigid multiple plate Bxation and also devices for dual fixation as
those by Key and Wenger.

The next period of plate fixation resulted from the study of nonunion in rigid
plate fixation and the carrelation of the failures with the basic physical treatment
of closed reduction. Following the principle of interfragmentary pressure of the
closed reduction, which allows the fracture fragments to oppose themselves, the
slotted plate (contact splint) was introduced (Fig. 11). Supported by clinical
success and experimental confirmation, the method merits approval,

The coaption splint (Fig. 26) of Robert Danis must be mentioned as a method
of producing mechanical compression with rigid fxation. This method produced
artificial impaction by means of a screw (Fig. 27) and secured interfragmentary
pressure. Venable has subsequently designed a coaptor which is a modification
of Danis in that the impacting device is removable (Fig. 28). Henrick Siland
designed a slotted plate “20 per cent lighter than the Lane plate.” This plate
allows interfragmentary pressure but apparently is not structually very fong and
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The amount of the cutting arca also varies. If the cutting portion is limited to
the distal portion of about % inch, it has the advantage of not enlarging the
proximal drill hole when the opposite cortex is drilled. Holes made with hand
drills are slightly less in diameter than if an electric drill were used: for instance,
for most screws a % inch bit is satisfactory it a hand drill is used; if, however, an
" electric drill is used for the same size screw, a %4 inch bit is much better.

Four screws through both cortices
screws r and 4 placed against
end of slots, 2 andz placed %
distant fromend of slots
Longitudinal migrationof
fractured ends tocontact only
Mo distraction.

Four screws through both cortices
None touch ends of slots. Motion
of fractured fragments longitu-
dinally. Satisfactory method.

Four screws through both cortices. The
splint is bent to conform to bony surface.
curved portion Secure, longitudinal
maotwn of proximal fragment

———3= Direction of motion permutted by the wlin-

—===> Darection of motwn perroatted by
longitudinal mascul%r pzldl d

—— g

Fic. 29.—Flacement of the screws,
(Eggers, G. W. N.: J. Bone ¢ Joint Surg., 30A:115, 1948.)

To avoid breaking bits, it is first to have the fr;
If the fragments move, there is a danger o;v bit breaking begause thﬁe‘:n;;l’lycth dd(i
e'l'ln\(il uSUz\H{1 moves in an arc owing to stability of the joint end of the fr:;gx::;t
! ds .T;?rve mnvern?nt against a straight bit will break or bend it. A second fact ‘
s drilling the hole in the opposite cortex. When the drill engages the medul;:a:;
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CONTACT SPLINT APPLICATION

The application of the contact splint is usually the method of choice. The pro-
cedure requires careful aseptic technic and proper local preparation of the
patient. The involved extremity is well cleansed and shaved before the patient
is taken to the operating room. Because of the pain factor, we often defer the
preparation until the patient is anesthetized, The extremity is shaved, thoroughly
cleansed with soap and water, and an acceptable antiseptic is then applied. The
extremity is covered with stockinette, and placed on the usual sterile sheet
covering. Sterile gloves and gowns, if worn by the surgeons in preparation of
the patient, are discarded and fresh ones acquired for the actual operative pro-
cedure.

The stockinette is cut in the direction of the skin incision. The skin incision is
made and then the stockinette is clipped or sutured to the skin margins to prevent
introduction of intection from the skin areas. If skin clips are used, they should
be counted before and after operation, so that none is lost in the wound to appear
later in the roentgenogram.

As a rule, a tourniquet is not used. However, in leg and forearm procedures, a
tourniquet should always be in place, readily available should it be needed. For
the torearm, a blood pressure cuff is desirable. Inflation of the tourniquet is con-
trolled by the anesthetist and a report is made at regular intervals to prevent
prolonged use.

The application of the internal contact splint is limited to the shafts of the long
bones, that is, the femur, humerus, radius, ulna, tibia, and fibula (seldom}. The
approach to these bones should be anatomic and preferably through intermuscu-
lar planes.

The drill holes should be placed so that they do not interfere with the longi-
tudinal migration of the fragments. It is preferred that the drill hole at each end
farthest from the fracture permit the screw to fit firmly against the splint and
thus prevent distraction. The other screws are placed in advantageous places
but none is closer than % inch from the central margin of each slot (Fig. 29). The
number of screws depends on the type of fracture, the bones involved, and other
local problems.

When the fracture has been reduced, the contact splint is placed parallel to
the shaft. The solid portion of the splint covers the fracture site. The screws are
then inserted and for convenience of working are firmly seated.

After placing all screws, the reduction, alignment, and contacting surfaces are
checked for accuracy of reduction and when everything is satisfactory, all screws
are given a half turn to the left, This will mobilize the fragments and permit the
contact-compression factor to be exerted on the fractured areas of the bone. The
serew release is important because it permits the longitudinal migration desir-
able for fracture healing.

The choice of drills is a personal one. The two basic types are the drills of tool
steel and those of rustless steel (Fig. 80). The steel drills are more brittle than
the rustless type. In fact, the rustless type of drill may bend and has the advan-
tage of not breaking so easily. The disadvantage of the rustless steel drill is that
it quickly loses its cutting edge. The drills can be reground if economy requires it.
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What is the proper time interval after fracture to perform internal fixation?
When a fracture is examined, and the roentgen study made, and in the judgment
_ of the surgeon an open reduction with internal fixation is the method of choice,
the procedure should be carried out immediately. The soft tissues have not be-
come edematous and reduction of the fracture can be performed more easily. The
patient soon has the fracture immobilized and is relieved of much pain and of
the shock-stimulating factors. However, because of other injuries or delayed
arrival of the patient, the operative procedure may have to be postponed. Under
such circumstances, an adequate splint or skeletal traction is necessary. Skeletal
traction pins should not be placed in any bone on which surgery is anticipated.
In deferred procedures, the condition of the skin due to the abrasions which are
potentially infected may contribute to additional delay. The delayed internal
fixation of a fracture requires careful consideration of the factors of edema and
excessive hematormas. It is preferable to proceed, if possible, on the day of injury;
if delay is necessary, surgery should be done on about the 10th day. Usually the
extreme edema during the first 10 days makes operative procedures difficult or
almost impossible. Traumatic blebs if not infected are no contraindication to a
surgical procedure.

The choice of a screw driver is important. Many are offered in the trade, but
the only sturdy ones are of a good grade of steel approaching tool steel in
quality. Soft steel alloys bend and do not give satisfactory service. One good
simple steel screw driver is a great asset in inserting the screws into bone.

Many bone clamps have been devised, but all have a limited use. The best
bone clamp is a good pair of bone-holding forceps manipulated by a capable
assistant.

The approximation of a maximum area of the fractured ends is of utmost im-
portance. The fragment ends often suffer loss of small or larger portions of
comminuted bone (Figs. 32 and 33}. This occurrence can be detrimental if fair

£ —]

Fic. 32.~Diagramumatic representation of loss of bone at the fracture site.

sized fragments are displaced in the soft tissues and not replaced or are Iost out
of the wound in compound fractures; for in such cases the approximating portion
of one or more fracture ends is often spiked to even half or less of the diameter
of the shaft. Where such bone deficiency is present in any fracture, grafts should
be placed immediately to replace the loss of bone area. Tliac strips and cancellou
bone are available for these cases (Fig. 84) and prevent a situation which wouls
be conducive to nonunion. The preservation of proper continuity of bone i
essential for good fracture treatment. e
The replacement of fairly large detached fragments in the fracture sites requi

careful observation. These large fragments often remain as devitalized bonzu:;xes
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side of the opposite cortex, it usually strikes a curved surface. If much force is
exerted against the bit before it thoroughly bites into the surface, it may tend to
slip on the curvature and break. Therefore, after drilling the proximal cortex, one
proceeds slowly when he starts to drill the opposite side so that the bit will not
break.
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Fic. 30.—Raustless steel and tool'steel drills showing the difference in the
length of the cutting edge.

If a bit is broken in the bone, it is much better to remove it, if possible (Fig.
31). This can be done with various tools, all of which work on the same principle
of drilling around the bit and removing it. Two reasons for removal are the
electrolysis problem and the medicolegal angle of the situation. If a bit is broken
and cannot be removed for some good reason, the patient should be so informed
by the operator.
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Fic. 81.~Wolferman dnill and screw retriever,
(Manufactured by Richards Mfg. Company, Memphis, Tenn.}
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bave in a Toentgen flm a more opaque or ground-glass appearance (Fig. 35).
When this situation is present, one can expect a delay in the healing process,
although union eventually will oceur. Qur observation is that this condition is
more frequent in compound fractures in which the bone suffers great devitalizing
trauma.

A

Fic. 35.—Comminuted fragment which failed to sunive tra
: uma. It i
roentgenogram just under the contact splint. Union was del:lyeril becazipg??m:[:%‘é?n:; the
'I:he use of the ‘contact splint in nonunion with or without grafts is of value &
x‘l;‘am.!ammg .stabxhty with interfragmentary pressure. It has the advantage in
at it permits muscular and joint activity which would not be possible w‘it%] t}l:e

grafting procedure alone. We hav i i
mnunign? alone. We have found the splint helpful in our cases of
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Fic. 33.—Loss of bone 1n compound fracture of the tibia. The gap should have becn filled with
cancellous bone at the time of operation. Result: union was delayed.

Fic. 84.~Loss of bone replaced with chip iliac grafts and onlay iliac strip to provide proper
continuity of the healing shaft.
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is vulnerable and should be isolated before proceeding with any splint fixation.
It is rather easily found at the posterolateml edge of the deltoid.

The only support the humerus needs postoperatively is a sling. Or'm may use
a plaster splint temporarily for comfort, with the forearm and arm at right a.ngle.s.
If applied, it is discarded when the skin sutures are removed, and a sling is
furnished. The patient is required to contract the muscles of the arm, and the
exercise is taught by the surgeon. The forearm is not flexed during the muscular
activity.

The contact splint used on the radius is 3 inches in length. The screws must be
the proper length and not protrude any extent through the opposite cortex. As in
all contact splint applications, the screws are not tight.

The radius is approached in the distal half between the dorsal border of the
brachioradialis tendon and the lateral border of the tendon of the extensor carpi
radialis Jongus. The superficial branch of the radial nerve is in danger when it
passes backward beneath the brachioradialis tendon 3% inches proximal to the
styloid process of the radius. The abductor pollicis longus and the extensor
pollicis brevis have to be retracted medially where they cross the radial extensors
of the wrist,

The proximal two thirds of the radius may be exposed between the tendons
of the extensor carpi radialis brevis and extensor digitorium communis. The
supinator is seen covering the proximal half of the radius posteriorly. Proximally.
the exposure may be extended by lifting the supinator from the bone with a
periosteal elevator to preserve the dorsal interosseous nerve. Fractures involving
the pronator teres insertion may require separation of the insertion from the bone
in varying degrees, Careful reduction is necessary and any rotation of the radial
fragments is corrected.

Fractures of the ulna are prone to delayed union and nonunion, A 4 inch
narrow splint is best for the ulna. This bone when fractured is subjected to many
varying muscular forces owing to the supinator, pronator teres, and pronator
quadratus. For this reason, the longer splint is definitely preferable (Fig. 37).

The ulna is exposed along the posterior border. The skin incision must be over
the muscular portion. Scars over bony surfaces later cause the patient discom-
fort. The splint should be well covered by the musculature and the fragments
carefully reduced.

When both bones of the forearm are fractured, the same incisions and methods
of exposure are used as for the individual bone fracture.

The routine postoperative treatment is & plaster posterior splint from midarm
down to and including the wrist. The splint and sutures are removed on the
eig.hth ('1ay and a circular cast is applied from mid-arm down to and including the
wrist with the forearm in midpronation and at right angles to the arm, The thumb
and ﬁng_ers are free, and the patient is required to flex and extend the fingers to
secure interfragmentary pressure (Fig. 38). The cast prevents supination and
pronation because this motion is not desirable during the healing period. The
healing process usually requires eight to 12 weeks. )

The tibia is a large bone, Unfortunately, it is not surrounded by musculature
as are the femur and humerus, Therefore, this bone is sub,

ject to great sheari
forces at the fracture site, particularly in the lower third. ]The npgproach f;ugllg
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Cases of nonunion in old compound fractures which have been infected and
have ceased draining are successfully handled by the above method. The grafts
are chip, onlay, or a combination of both. The onlay grafts are not fixed with
screws, but if a massive onlay is necessary and fixation required, only one end
is held firmly by a single screw, and this does not interfere with the contact-
compression force.

When an old infected, nondraining case of nonunion is treated surgically,
routine cultures should be made of the area and antibiotic spot plating of the
organism done to determine the proper antibiotic to combat any possible reacti-
vation of the dormant bacteria.

The humerus is probably treated less by open reduction than any long bone
owing to the efficacy of the closed method with the hanging cast. There are
occasions, however, when an open reduction may be the method of choice. When
open reduction is performed, the splint should be carefully applied, usually on
the posterior or anterior surface. The method of placement of the screws is
shown in Fig. 29. This prevents any distraction caused by weight of the forearm.
The large humerus requires a wide 4 or 5 inch splint; the small humerus, a
narrow 4 inch splint (Fig. 36).

Fic. 36.—( A} Fracture of the humerus with mterposition of soft parts and radial nerve paralysis.
(B) Three months postoperatively.

The incision is on the posterolateral surface between the triceps and deltoid
proximally, the triceps and biceps in the midportion, and distally between the
triceps and the origins or brachialis muscle. The radial nerve
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Fic. 88.~Cast for fracture of both bones of the forearm. Movement of the hand is permitted,
but supination and p ion are icted. The patients exercise their Engers and hand, thus
compressing the forearm bones, and they are encouraged to use the hand as much as possible.

The fibula is usually not treated by internal fixation, but if required a 8 inch
splint is adequate.

Postoperatively, a plaster splint is placed from the mid-thigh to the toes with ’
the foot at right angle to leg, The skin sutures are removed on the eighth day
and a cireular cast is applied from the mid-thigh and extended to support the
toes, The knee is in extension; the foot is at right angles to the leg, and a walking
heel i5 incorporated at the time of application. The cast should be light but
strong. The patient is allowed to rest the heel on the floor when he walks with
crutches. After four weeks, weight-bearing is begun and is gradually increased.
Usually, union is frm in eight to 12 weeks. It is imperative that the casted leg be
no longer than the uninjured one. If necessary, the heel on the shoe of the good
foot is raised. There is less shearing of the tibial fracture in \veight-bearing if
the knee is extended. Compound fractures require a long healing period, and
occasionally a long-leg brace is fitted, if the healing time is obviously prolonged,
to permit exercises of the knee.

i When the open reduction of a tibia is delayed, there may be over-riding of the
gments b of lar pull. It is often difficult to reduce the fracture
\&e traction ap plica i disturbs t.he dis!a.l fragment alignment. For these
cases, a Kirschner wire traction temporarily applied through the caleancus offers

b
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A B
FiG. 87.—(A) Fracture of the forearm; a 3 inch splint was used on the radius and a 4 inch splmt
on the ulna. (B) Union satistactory in cight weeks.

tibia is along the anterolateral surface and the incision should not be over the
bone. A splint should never be placed on the anteromedial surface of the tibia.
The fracture should be reduced and the splint applied carefully on the lateral
tibial surface where it can be completely covered by the musculature (Fig. 89).

The length of the splint should be 5 or 6 inches to convert the shearing forces
into compression. The 4 inch splint is seldom used alone on the tibia.

The screws are placed accurately and should be of the proper length. The
splint should be bent, if necessary, to conform to the bone especially in distal and
proximal fractures.
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Fic, 38.—Cast for fracturc of both bones of the forearm. Movement of the hand is permitted,
but supination an fon ar icted. ‘The patients evercise their fingers and hand, thus
compressing the forcarm bones, and they are encouraged to use the hand as much as possible.

The fibula is usually not treated by internal fixation, but if required a 3 inch
splint is adequate, .

Postoperatively, a plaster splint is placed from the mid-thigh to the toes with
the foot at right angle to leg. The skin sutures are removed on the eighth day
and a circular cast is applied from the mid-thigh and extended to support the
toes. The knee is in extension; the foot is at right angles to the leg, and a walking
heel is incorporated at the time of application. The cast should be light but
strong. The patient is allowed to rest the heel on the floor when he walks with
crutches. After four weeks, weight-bearing is begun and is gradually increased.
Usually, union is firm in eight to 12 weeks. It is imperative that the casted leg be
no longer than the uninjured one. If necessary, the heel on the shoe of the good
foot is raised. There is less shearing of the tibial fracture in weight-bearing if
the knee is extended. Compound fractures require a long healing period, and
occasionally a long-leg brace is fitted, if the healing time is obviously prolonged,
to permit exercises of the knee.

\Vhen the open reduction of a tibia is delayed, there may be over-riding of the
fr b of lar pull. 1t is often difficult to reduce the fracture
l!l.e traction application disturbs the distal fragment alignment. For these
cases, a Kirschner wire traction temporarily applied through the caleaneus offers

5!
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Fic. 40,~Metbod of applymg two splints for double fractures,



FRACTURES OF THE SHAFTS OF LONG BONES 173

much help in sccuring the reduction and allowing the distal fragment to be
reduced more aceurately. After internal fixation is sccure, the wire is removed.

Occasionally, the tibial shaft may have two shaft fractures (Figs. 40 and 41).
These are usually in the upper third and lower third of the bone. The proximal
fracture generally heals sooner than the distal one. The distal fragment’s impaired
blood supply and less canecllous bone perhaps influence the healing process. In
these cases, the application of the one splint will not suffice. The proximal frag-
ment is held with a wide 4 inch splint and the distal fragment with a 5 inch splint.
By combining two splints, onc may have a splinting for 8, 10, 11, or 12 inches, if

A B c

Fic. 41.—(A) Double comminuted fractures of the tibia. (B) Partial weight-bearing at 10 weeks,
{C) Complete weight-beanng at 14 weeks.

desired. That is, for a 9 inch combination, use a 4 and 5 inch splint. The pro-
cedure is to fix the splint securely to the large loose fragment with tight screws
;.md to allow the screws on the other fragments to be loose. Thus the fragment
is compressed on both ends. This combination may also be useful on the femur
The application of the contact splint to femoral fractures requires the usuai
care in accurate reduction and careful placement with bending to fit the contour
of the bone if necessary. The surgical approach is posterolateral or lateral a;
one Choqses‘ The posterolateral is preferable as it permits retraction of the mu’ ;
lature m'tl'mut division of the structures. The posterolateral incision is diﬂicu?f l:f
one anticipates dual plating (Fig. 42) because the splint must be applied
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anteriorly on the shaft and the exposure is somewhat restricted in relation to the
anterior femoral surface. For dual fixation, the lateral incision is technically
better.

The splints for the femur are preferably 6 and 5 inches and the 4 inch is used
only in conjunction with other splints in the care of large separate fragments,
such as those found in double shaft fractures.

Fic, 42.-Dual splints applied in the usual manner allowing longitudnal migration. No sup-
portive treatment, and motion was mstituted early. Union and weight-hearing five months post-
operatively. Weight-bearing was delayed because the tibia of the apposite leg was also fractured.

Comminuted fragments may be held in position with screws (Fig. 43) or wires.
Fractures near the distal end of the shaft, where the cortical bone is thin,
usually require bending of the splint. In these cases, the portion of the splint
which is bent and which lies on the distal fragment is securely fixed and longi-
tudinal motion permitted by having the proximal slot screws loose. As one uses
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the contact splint, he finds many technical ways of stabilizing and controlling
fracturcs which result from the variation in fracture patterns.

The postaperative period in the care of fractured femurs is an important and
critical one. The tendency too often is to perform the surgery, consider the reduc-
tion complete, and allow the progress to go unguided. The postoperative care
of any fracture is important and controlled activity imperative in maintaining
the function of the extremity.

Fic. 43.—(a) Comminuted fragments held in position by the splint; (b) held in position hy
ACCESSOTY SCrews.

The method tfollowed for postoperative care after internal fixation is to place
the lower extremity in balanced traction immediately after surgery. If bone
traction was used previously, the same pin or wire is used; if not, skin traction is
satisfactory. Within a few days, the patient is taught to contract the femoral
muscles and after the removal of sutures this activity is increased. The traction
is removed in about eight days and the extremity rests in the suspension splint.
Extension of the knee is practiced and ankle motions maintained. After three
weeks, the patient sits on the side of the bed and the knee is allowed to bend
to 90 degrees (Fig. 44). The patient then flexes and extends the knee. This exer-
cise is much easicr to perform in the sitting position than in the supine and also
presents much less strain on the fractured area.

The knee cxercises can be accomplished by swinging the suspension splint at
right angles to the bed and resting the end on a chair or table allowing the
supporting ropes ta hold it in position. Retaining the leg in the Thomas splint is
for ease of handling. The greatest danger in handling a fractured femur which
has been splinted is in moving the lower extremity with the knee extended
Allow the patient to flex the knee and the process is greatly simplified, If the;
patient has a stiff knee on admission, the problem is not so simple. ' ’

c:\rAe&:: l?m[:qenilnetp :n (;;\:tructed irf p(hsimperaﬁve conduet, he m.ay continue the
3 3 g on the individual and the home conditions. Sitting §
a(ch:ur or walking with crutches is usually not recommended until 'the ei gh:}r:
week because of possible accidents. The patient is then taught to stand ongthe
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Fic. 44.—Flexion and cxtension of the knee three weeks postoperatively.
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good leg and to strengthen the muscles for crutch walking. Light weight—beari'ng
is permitted but the time for full weight-bearing depends on clinical stability
and roentgenographic evidence of union. The activity permitted is greatly influ-

. enced by the patient’s manifested sense of responsibility and understanding.
When full weight-bearing is permitted, the fractured extremity should have com-

" plete ankle, knee, and hip activity, and the musculature of the entire extremity
should be in good condition, Twelve to 16 weeks is the average time for full
weight-bearing. The surgeon must convince the patient that his investment of
time at this crucial period of treatment is worth his while.

The second half of the 20th century presents a new era in fracture treatment.
The clinical successes due to the understanding of the relationship of metals and
the utilization of the contact-compression factor to produce interfragmentary
pressure assure the surgeon of osseous union. The results depend on attention to
details of technic and functional maintenance. The continued use of the internal
contact splint in all types of shaft fractures has secured bony union in over 95
per cent of the cases on first operative fixation. The remainder united after a
second pracedure, usually requiring grafting,

Greater accuracy in the treatment of shaft fractures is now demanded. Union
of the tracture no longer suffices because the present evaluation of our treatment
includes a return fo normal function to eliminate any traumatic arthritis in the
adjacent joints which may occur years afterward, There are some fractures which
are so severe that restoration is impossible, but a broad survey of the problem

requires union of the fracture and restoration of lasting physiologic function of
the extremity.
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. 44~Flexion and extension of the knee three weeks postoperatively.
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good leg and to strengthen the muscles for crutch walking, Light weight-bearing
is permitted but the time for full weight-bearing depends on clinical stability
and roentgenographic evidence of union, The activity permitted is greatly influ-

. enced by the patient’s manifested sense of responsibility and understanding.
When full weight-bearing is permitted, the fractured extremity should have com-

* plete ankle, knee, and hip activity, and the musculature of the entire extremity
should be in good condition. Twelve to 16 weeks is the average time for full
weight-bearing. The surgeon must convince the patient that his investment of
time at this crucial period of treatment is worth his while.

The second half of the 20th century presents a new era in fracture treatment.
The clinical successes due to the understanding of the relationship of metals and
the utilization of the contact-compression factor to produce interfragmentary
pressure assure the surgeon of osseous union. The results depend on attention to
details of technic and functional maintenance. The continued use of the internal
contact splint in all types of shaft fractures has secured bony union in over 95
per cent of the cases on first operative fixation. The remainder united after a
second procedure, usually requiring grafting,

Greater accuracy in the treatment of shaft fractures is now demanded. Union
of the fracture no longer suffices because the present evaluation of our treatment
includes a return to normal function to eliminate any traumatic arthritis in the
adjacent joints which may occur years afterward. There are some fractures which
are so severe that restoration is impossible, but a broad survey of the problem
requires union of the fracture and restoration of lasting physiologic function of
the extremity.
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Intracapsular Fractures of the Femoral Neck:
Their Care and Complications

EDWIN R. SCHOTISTAEDT, M.D., LOREN J. LARSEN, M.D., and
FREDERIC C. BOST, M.D.

INTRODUCTION

HE PROBLEM of fracture of the femoral neck is far from being satisfactorily
TsolvedA However, many advances have been made since the days when Royal
Whitman initiated his drive for rational thought and positive care for sufferers
from this injury. Before the days of Royal Whitman there were cccasional indi-
vidual surgeons who had an active approach to fractures of the femoral neck.
The first recorded internal fixation was accomplished by Langenbach, in 1858,
tollowed by Koenig and Trendelenburg. Lord Lister is credited with the first
such procedure under aseptic technic. Martin of New Orleans, Albee of New
York, and several others practiced operative reduction on occasion. However,
no one made a practice of such surgical procedures. Royal Whitman successfully
campaigned for an active program to give years of comfortable activity to those
suffering from this injury. It was not uncommon at the start of his crusade to
class all such fractures as untreatable, no positive attempt being made to seek
union. It has been estimated that between 65 and 70 per cent of persons with
Fractures of the femoral neck were permanently crippled or died as the direct
result of their fracture (Leadbetter). Whitman advocated manipulation and
reduction held with a spica, applied in abduction, which locked the fractuse
reduction. The results with his technic varied in different hands, ranging from
53 to 90 per cent of union {Whitman).

The enthusiasm at the results of Whitman’s treatment was so great that as late
as 1936 Magnuson quoted Dickson and Dively, in a personal communication,
as being opposed to open operation or nailing of femoral neck fractures since
their results with Leadbetter’s modification of Whitman’s technic gave as high as
70 to 80 per cent of bony union, with a mortality of 5 to 15 per cent, depending
on whether their patients were among the debilitated group in a general hospital
or the more vigorous ones in their private practice.

In 1945 Leadbetter remarked that with the Whitman reduction and spica there
was roughly a 33.3 per cent union rate, with 2 26 per cent mortality. With the
advent of his technic‘ of .reduch'on, which gave a better apposition of fragments,
the percentage of union increased to 72.9 per cent with a decrease in mortality to
115 per cent.

It is thus apparent that great strides were being m
treatment to an increasingly efficient method.

Smith-Petersen made the second great contribution i
these fractures when he introduced his three-flanged nail
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earlier, this was not a new idea since open reduction had been practiced infre-
quently for many years by mauy surgeons, but the fixation device offered by
Smith-Petorsen wus much superior to anything in use at the time.

‘The apathy which previously had surrounded this problem had been dispelled
by Whitman. The tediousness of plaster care and fong immobilization wore
heavily on the majority of surgeons. The profession was ready and willing to
accept a guick and easy technic that seemed to give good results and rapid
mobilization,

In 1931 Johanson revived the extra-articular method of Nicolaysen which had
been propounded as early as 1897, and the era of dlosed reduction and blind
nailing was soon in full swing,

Many persans have added winor changes over the intervening years, but cer-
tainly no outstanding advance has been made.

The concept of primary osteotomy is perhaps the biggest recent step forward,
tor with it a positive approach is taken st the time of acute fracture so that we
no longer sit complacently by waiting for a nonunion to ocenr in those fractures
which seem doomed in advance to this complication. Thus, some nonunions are
obviated while others are treated before they develop.

L. 'T. Peterson and others have used the Collision steel head and plate prosthesis
of 18-B5MO stainless steel, and Judet and Judet are using a methyl mothacrylate
prosthesis reinforced with steel. These are principally recommended for late
fractures or arthritis, though some few have been used in fresh fractures. Here the
bead fragment is removed and replaced by a prosthetic device. This represents
an even smore revolutionary idea but it is too eatly to evaluate the results. One
cannot at this time recommend it for fresh fractures. Some results have been

good, but there seem to be incompletely d mechasical defects. The ulti-
mate fate of the prosthesis and ad)acent bone cannot be determined at this time.
In any event, such a repl t is, basically, sufficiently revolutionary to offer
the stimulus for a more satisfactory solution o this difficalt problem.

The tollowing pages will deal only with intracapslar fractures of the femornl
neck and will not 1n any way be concerned with intertrochanteric fracture or othey
wjury about the hip joint. It is the purpose of the following paragraphs to point
out & plan of treatment used by us with success, though not without complica-
tions. The number of complications have gradually decreased as we pay more
attention to certain details in care. It is understandable that many of you who
read the following will have a technic which satisfies you, and certainly there
are many excellent and usable routines. No other fracture needs a routine plan
for efficient care as much as do fractures of the femoral neck. We are opposed
to an unalterable routine in the bandling of any problem; , it is of
extreme value to have 2 basic plan to follow from the time of fracture to healing.
The care of this fracture can in no way become haphazard, for all details must
be carefully planned to give the patient every chance for a good result.
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ABDUCTION FRACTURES

In only one type of femoral neck fracture can a definite prognosis be made at
the time of fracture and before healing is complete; that is in the impacted or
abduction fracture of the femoral neck. This occurs in abduction. Here the
fracturing impetus forces the head and neck into an abducted position, impacting
the fragments. The mechanism of injury is a fall on the hip or a glancing blow
to the lateral surface of the hip with the patient in the erect position. The latter
may be delivered by a passing car. The patient frequently falls to the ground,
then picks himself up, limps to a nearby car and then to his doctor’s office, com-
plaining of pain but quite able to be about. Roentgenograms disclose the sus-
pected fracture.

Linton has objected to the term impacted, preferring the term “stable fracture”
(Fig. 1). It is true ‘that not all of these fractures are impacted, though all are
relatively stable. However, the type of injury and lack of displacement of the
fragments at the time of injury make impacted a good term.

no red:

Fic. 1L.—Typical abduction fracture

g

h.Cafe of such fractures varies greatly in good hands. Some surgeons place these
ips in a smg}e short leg spica. Others use well leg boots or a variation of this
fechmc., 'holfixng. the legs in internal rotation and abduction, Occasionally no
lhmmobxl'xzntmn is practiced, and, if the fracture is truly impacted, perhaps no
lﬂann \vxlll:'esuh. But if it is merely a stable fracture of this type—and one cl::nnot
always t e ider it d to take these liberties sinc
) e g iberties since occasi 4
;’h\s ?’pe t:}i} frafcture will Jose its position and become displaced. It h"asc;:eo: ;(‘)1111)
ractice, therefore, to nail abduction fractures as luctior :
; ; we do adduction fract
‘liol\;]gh 1o effort Is made to change the position if it should not seem an;t:::'s,
at the time of nailing. Furthermore, the postoperative care after nailing is muc‘}(i
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simpler than if the patient must be cared for with his legs locked together, With
the fracture nailed, the patient is up and about within a few days, rapidly
regaining mation and missing complications attendant on long bed rest and
immobilization. When the fracture is treated in plaster, three months of im-
mobilization are sufficient, with either limited or full weight-bearing following
this, depending on the roentgen studies. In our group we have never found
such a fracture insufficiently healed to bear at least partial weight at the end of
a three month period. When the hip is nailed, the same plan is followed as far
as weight-bearing is concerned. In three or four months, or at the most six
months, the patient is walking again, bearing full weight without pain and
svith litthe or no limp,

In this tracture, because of the Iack of displacement at the time of fracturing
force, there is no disruption of blood supply by capsular tear. Contact of the
tragments is excellent, and, therefore, healing progresses in an uncomplicated
manaer,

Linton described 2 cases with aseptic necratic changes of the head. We have
not as yet seen this complication with abduction fractures.

ADDUCTION FRACTURES

Adduction tractutes of the femoral neck are an entirely different matter. Here,
with rare exception, the fracturing force displaces the fragments, and frequently
results in tear of the vessels carried in the reflected capsule of the posterosuperior
and posterointerior neck, In some instances the fracture is Jow enough or occurs
in sach a manner that the vessels are not injured. In any event, there is a loss of
bany contact hetween the fragments, and reduction here is essential. Adduction
tracture has ioned heated di jons. No one can give any but & guarded
proguosis tor healing without complications when first viewing this type of frac-
ture, though certain teatures of the fracture and the reduction help greatly in
mahing a progposis. This fracture occars usually after the fortieth year, with the
highest incidence in the seventh decade. Of course, there are cccasional young
adults, adol . and even children, but the average patient is close to 65.

MecHANISMS

‘The usual story of the injury is that the patient has slipped and fallen. Fre-
quently there is a rotary or twisting component to the fracturing force, though
this is not necessarily true. Many of these patients speak of a blow on the hip.
Falls on treshly wared #oors and throw rugs are common causes for this injury
in older patients. Younger patients sustain the fracture on greater trauma, as
automobile accidents or falling from heights—trees, roofs, or fences.

1t has been often said that the patient fractures his or her hip and then falls.
Certainly this does occasionally happen as when a sharp tum or pivot is made,
Ve have ane such patient who turmmed & comer suddenly, heard his hip snap,
and then fell. However, this is not the usual mechanism of injury. Magnuson says
that this ease of fracture in older people follows a natural senile osteoporotic
and disuse atrophy of the main stress lines of the femoral neck. One of the best
examples of an adduction fracture of the femoral neck known to me is the case
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of a polio patient with paraplegia who was having his tensors stretched in
adduction; as the therapist made the forceful adduction motion, there was a
crack and immediate severe pain, Roentgenograms disclosed a typical femoral
neck fracture, mideervical in location.

EXAMINATION

Immediately following the injury the patient lies with the injured leg in external
ratation. Sometimes external rotation is a factor in producing the fracture, but
more commonly the leg takes the position because of its weight. Usually the
rotation is between 60 and 80 degrees; seldom is it at a complete 90 degrees be-
cause some of the capsular attachments at the base of the neck act to offer a
limiting resistance to a more complete esternal rotation. Slight motion of the leg
produces severe pain. The pain is not under the examining finger as it is in inter-
trochanteric fractures, but is usually anterior, directly over the joint. Direct pres-
sure over the trochanter produces pain, but deep pain less superficial than that
seen in intertrochanteric fractures. There is a loss of the'dimple which normally
marks the attachment of the glutens maximus, and there may be some adduction
of the leg with shortening. Edema is a later sign, appearing after a number of
Tours and is secondary to lack of motion from pain or from dependency. There
is usually some early shock associated with this fracture, though the amount of
shock present is usually not comparable with that seen in fractures of the femoral
shaft. However, it may be sufficient to limit early care, making immediate opera-
tion impossible. ' -t

Earuy Cane

Before transporting the patient, the leg should be fixed in an extension splint;
a Thomas’s knee splint with padded ischial ring is most suitable, If this is not
available, a long board splint extending onto the trunk or, as a last resort, the
binding of the legs together with a pillow between the knees may be used
satisfactorily. Where a type of fixation providing countertraction is used, appli-
cation of tape to the injured leg and traction with a Spanish windlass is-useful.
In any event, prevention of unnecessary motion of the extremity is most desirable.

After the patient has been transported to the hospital, two lines of therapy are
open, immediate or delayed surgical treatment. Much has been said about the
value of immediate nailing, and we know there are some instances where it has
been lifesaving; but as a general rule a delayed plan is perfectly acceptable.

It is our practice to nail these hips as soon as the patient is in suitable condition
for the procedure, for we feel that it is to his best interest to have the procedure
finished, While traction is painless and, if properly used, allows the patient free-
dom, certainly the period of recumbency is increased and Ppostoperative discom-
fort is added to the confinement of a period of traction. However, when there is
any doubt regarding the patient’s general state, there is no reason for not delayin.
until the patient is in as good a condition as possible. We believe this e}ricg
should not extend over two weeks. If for any reason operation must be postP oned
for six to cight weeks, some procedure other than nailing will almost certaigl be
necessary. It is true that patients can be cared for in traction throughou g

< t th
period necessary to produce healing. This can be done either with Russell's 'n-n:
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simpler than if the patient must be cared for with his legs locked together. With
the tracture nailed, the patient is up and about within a few days, rapidly
regaining motion and missing complications attendant on long bed rest and
immobilization. When the fracture is treated in plaster, three months of im-
mobilization are sufficient, with either limited or full weight-bearing following
this, depending on the roentgen studies. In our group we have never found
such a fracture insufficiently healed to bear at least partial weight at the end of
a three month period. When the hip is nailed, the same plan is followed as far
as weight-beating is concerned, In three or four months, or at the most six
months, the patient is walking again, bearing full weight without pain and
with little or no limp.

In this tracture, because of the lack of displacement at the time of fracturing
force, there is no disruption of blood supply by capsular tear. Contact of the
tragments is excellent, and, therefore, healing progresses in an uncomplicated
manner. ‘

Linton described 2 cases with aseptic necrotic changes of the head. We have
not as yet seen this complication with abduction fractures.

ADDUCTION FRACTURES

Adduction fractures of the femoral neck are an entirely different matter. Here,
with rare exception, the fracturing force displaces the fragments, and frequently
results in tear of the vessels carried in the reflected capsule of the posterosuperior
and posterointerior neck. In some instances the fracture is low enough or occurs
in such a manner that the vessels are not injured. In any event, there is a loss of
bony contact between the fragments, and reduction here is essential. Adduction
fracture has ¢ ioned heated di: i No one can give any but a guarded
prognosis tor healing without complications when first viewing this type of frac-
ture, though certain features of the fracture and the reduction help greatly in
making a prognosis. This fracture occurs usually after the fortieth year, with the
highest incidence in the seventh decade. Of course, there are occasional young
adults, adolescents, and even children, but the average patient is close to 65.

MEecHANISMS

The usual story of the injury is that the patient has slipped and fallen, Fre-
quently there is a rotary or twisting component to the fracturing force, though
this is not necessarily true. Many of these patients speak of a blow on the hip.
Falls on treshly waxed floors and throw mgs are common causes for this injury
in older patients. Younger patients sustain the fracture on greater trauma, as
automobile accidents or falling from heights—trees, roofs, or fences.

It has been often said that the patient fractures his or her hip and then falls.
Certainly this does occasionally happen as when a sharp turn or pivot is made.
We have one such patient who turned a corner suddenly, heard his hip snap,
and then fell. However, this is not the usual mechanism of injury. Magnuson says
that this easc of tracture in older people follows a natural senile osteoporotic
and disuse atrophy of the main stress lines of the femoral neck. One of the best
examples of an adduction fracture of the femoral peck known to me is the case
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the head of the Bell table. Use of the perineal post is an alternate method. Thus
after reduction light traction can be placed on the leg, if desired, without a“o.w-
ing the patient to pull down on the table and off the cassette holder. The unin-
jured leg is splinted and bandaged with padded yucca board splints on either
side of the leg from the knee to the foot so that it may be hung with the hip,
knee, and foot at 90 degrees. The injured leg is manipulated, using either
Whitman's maneuver of traction, to overcome over-riding and sharp internal
rotation with abduction, or, more often, by Leadbetter’s reduction. Here the hip
and knee are flexed to a right angle and by kifting upward, with the surgeon’s
shoulder under the flexed knee, traction is made, and the weight of the patient’s
body is used for countertraction. The leg is jiggled in this position with abduction-
adduction movements to allow the shaft to slide by the head. The leg is then
sharply rotated internally, estended, and slightly abducted. We do not place our
patients in extreme abduction and seldom use extreme internal rotation. We
find that our reductions are more stable in about 15 to 20 degrees of abduction
and 10 to 15 degrees of internal rotation. It has often been written that marked
internal rotation is essential, but there are good studies to the contrary. Ellis Jones
wrote that a simple transverse fracture of the neck of the femur could be easily
and accurately reduced in a cadaver by abduction and internal rotation. A com-
minuted oblique fracture could not be accurately reduced; and if the fracture is
from anterior to posterior in an oblique manner, extreme abduction and extreme
internal rotation separate the fragments. He admits, of course, that such motions
carried out on a cadaver do not necessarily prove a clinical point, though they
are certainly suggestive. Linton remarks also that with fractures presenting com-
pression of the posterior neck surface or marked comminution of the posterjor
neck, internal rotation frequently will leave a wide gap as seen on the lateral
x-ray projection. In these cases marked internal rotation seems to be a factor in
increasing the incidence of nonunion. However, some degree of internal rotation
is essential to secure a satisfactory reduction.

When the leg has been placed in the leg-holder on the Bell table and tension
is properly adjusted between the extensible footpiece and the sheet which is
used for countertraction, the film may be taken in anteroposterior and lateral
views to determine the completeness of reduction. Some have advised striking
a blow at the upper level of the trochanter to cause a valgus impaction or abduc-
tion of the head. The blow, if struck, is not struck in line with the neck but at
90 degrees to the line of the neck. This maneuver is sometimes helpful, though
I have never seen it cause impaction. It may aid in securing slight abduction; it
may also occasionally displace the reduction. The hand-in-palm test suggested
py Leadbetter to determine the completeness of reduction is useful, though not
mfz\lhble._ Some hipﬁ \vhic?n are incompletely reduced will pass the test, while
somei\vhlch are satisfactorily reduced may not pass. In any event, it is a useful
working method.

If the reduction shown roentgenographically is suitabl ip i
and draped; if not, the reduch'ong is rgdol;xeA \Vg use two pg;tsgie}:-zalsnx:;teﬂp fﬂed
fixing their positions prior to draping so that the X-ray equipment xi:ed e
moved d.un'ng the _pmcedure (Fig. 2). Without an excellent reduction vls:a(;:z?;
in two views, healing cannot and will not occur. The reduction should show an
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tion or straight leg traction in a Thomas splint. We feel, however, that this form
of therapy is unsatisfactory and unreliable as to eventual healing, If traction is
to be used as an interim mode of therapy, we prefer a modification of Russell’s
traction since this allows more freedom and comfort for the patient, If the patient
is difficult to handle, tape traction on a Thomas splint is acceptable and more
likely to be effective. The Russell modification which we have used is mechani-
cally inferior to that described originally, but clinically it is easier to handle.
The bed is placed on 6 to 8 inch shock blocks to aid in countertraction and to
prevent the patient’s being pulled down in the bed. The line of pull beneath the
upper tibia is at 90 degrees to the bed instead of 60 degrees; otherwise the con-
siderations are the same, with double pulley at the foot and the lower leg sup-
ported on 2 pillow. When the patient is ready for surgery, either in a matter of
hours or a week, surgical fixation is planned.

ANESTHESIA

Any general anesthetic employed at the hospital where the procedure is being
done is suitable. The major consideration should be the anesthetist’s familiarity
with the agent used. We prefer drop ether but frequently use pentothal rein-
torced with nitrous oxide. Spinal anesthetic is the first choice with many excel-
lent surgeons, though we dislike it. The virtues of Jocal anesthesia have been
overemphasized, though it can be used fully in special i When
it is the agent used, the hematoma which lies within the joint capsule is injected
with 2 per cent novocain, and the subcutaneous tissues overlying the line of
incision are nfiltrated with 0.5 to 1 per cent novocain. Local anesthesia, in our
opinion, is contraindicated when competent anesthetic help is available, for a
patient in poor condition can stand a short anesthetic, if properly administered,
of ether or pentothal nitrous oxide. The mental trauma and the physical discom-
fort of lying on a hard table in one position as well as the frequent twisting,
turning, and struggling under local anesthesia, tend to prolong the procedure,
and on occasion will be directly responsible for a poor result even when initial
satisfactory reduction has been secured, for patients tend to shift about during
the nailing procedure and lose their reduction. The patient’s discomfort leads the
surgeon to attempt short cuts to the important steps of a successful routine in
an effort to get the patient off the table and back to bed more rapidly.

The premedication will depend on the choice of anesthetic agent and the age
and condition of the patient. In adduction fractures it is well to have the patient’s
blood typed and cross-matched, for, if the procedure is prolonged, blood is the
most suitable fluid to maintain pressure, prevent shock, and give an additional
boost toward rapid ambulation, However, the average hip nailing does not require
a transfusion.

TecuNIc OF REpUCTION

In our practice we use the Bell table though, of course, there are many other
suitable fracture tables. The work can be done on a regular operating table with
an assistant to hold the foot after reduction. The Bell table (Fig. 2) is arranged
with a sheet folded from corner to corner so that it may be tied on itself after
passing beneath the patient, between his legs and to the opposite corner post at
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overlap of the proximal or head fragment (Fig. 8) as though it were caught
inside of the projecting inferior lip of the neck fragment. In other words, the
neck lies beneath the proximal fragment ever so slightly so that the proximal
fragment cannot displace inferiorly (MeElvenny). In this way the neck supports
the head much as a McMurray osteotomy supports the proximal fragment after
medial displacement of the shaft. If this most desirable position is not obtained,
at least there must be no over-riding of the neck on the head. The head should

Fic. 3.—A steep angle fracture well reduced so that it is properly caught with thy i

fragment locked inside the distal fragment. The angles xeplzesgnl {in(or%s angle zs:ep;??mn?)l
and the angle of nailing. The angle of nailing parallels the inferjor neck margin and the ng:;il is
('in} en to the proper depth. It could be completely against the cartilage margin of the head, but
in its present dposxtion gives an excellent hold, The screw pin locks the reduction so that it will

not be slufted by unsatisfactory nailing atterpts. It also acts as a guide to proper nail angle

and length,

lie in valgus, however slight, to avoid shearing stress and provide an impactin
forc.c. No trace of varus is to be accepted under any circumstance. In lhepl-ltengl;
position the neck should be perfectly aligned with no rotation factor. Ac;uali
fr?rn a practical standpoint 5 to 10 degrees of external rotation can be. toler: teg
with good results. Once a suitable reduction has been obtained, as see zlb
roentgen visualization, the fragments are nailed. We consider the Sr;nith-Pet:rsez

nail the most useful nailing device, though
b 3 we are well aw:
many other fixation devices. ¢ are that there are

Orenamive Teciwic

The upper temoral shaft is approached through a 1

at . .
of the trochanter 6 inches distally, 1leli e ncision from the i
> T

the lateral intr: lar septum,
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Fic. 2—{A) Bell table with both x-ray machmes praperly placed; a sheet rs passed under the

patient and between the legs which ate Sved to the Bell tablo upright, the fracture s yeduced

and in position with the apposite hup flexed and the leg suspended. (B) A long smgle drape
shect covers all but the operative field.
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to back out. It will not force its way through the cortical cancellous subchondral
bone beneath the cartilage of the head unless this surface has been pen.eh'lzlt.ed
by the original nailing. This layer of bone between the nail and the hip ]E)mt
is hard enough so that the nail backs out rather than works its way through'mto
the joint. However, if too long a nail is driven through the articular cnm\ng'e
of the femoral head and changed to a shorter nail of the correct length, th.e {mxl
may penetrate. One should, therefore, renail in a different direction if the original
nail penetrates, rather than replacing the long nail with a short nail in the same
channel. If for some reason the original tract is desirable, one should be prepared
to change nails at a secondary procedure later. A nail will seldom back out if
nailed decply enough to get & firm prip in the compact eancellous bone of the
head. Of course, if several attempts are necessary to gain proper nail position,
the head fragment may be broken down so that a firm hold cannot be secured
by the nail. If nailed too short, there is also an obviously insufficient grip, allow-
ing the nail to work back out or the head to slip or roll on the nail point. If the
external cortex is badly splintered in placing the nail so that it does not act as
a fixed guide point but allows rotation of the base of the nail, this motion will
be transmitted to the nail point, and the nail will eventually lose its grip and back
out. If the lateral femoral cortex should be badly splintered and a plate deemed
necessary, the nail should be placed at least 1 to 1.5 cm. short of the articular
cartilage in the femoral head so that as settling occurs prior to healing of the
fracture site the nail will not penetrate. Here, of course, it cannot back out
because of the plate or other fixation device and erodes more deeply, toward or
into the hip joint.

Another factor which should not be overlooked in nailing is that the nail acts
as a guide on which the head settles into place, and for this reason it must parallel
the neck to be ideally placed. This also explains why three pin or other technics,
though sometimes successful, are frequent failures. Here the head is toenailed
into a fixed position, and, if much necrosis of the neck oceurs, the head tends
to fall off the neck fragment as the necrosis leaves it with a steadily decreasing
bony base. If all fixation devices are parallel in the head so that the head is
not held in a fixed position but can slidé down the neck, additional screw pins
or other serew pin devices work satisfactorily. We like Austin-Moore pins for an
occasional fracture, but to be successful this principle must be followed and the
pins placed in a paralle] manner. If the Smith-Petersen nail is placed across
the angle of the neck, there is an increasing tendency for the head to displace,
depending on the degree at which the line of nailing crosses the line of the neck,

Occasionally we meet special problems in nailing, as mentioned by De Palma,
\vherfz ha.rd heads will not accept the nail or where the head is so osteoporatic
that it will not offer a point of fixation. These are extremely rare complications;
we have never seen the first, but have occasionally encountered the second,

After fhe nail has been p}-uperly placed and checked roentgenographically, the
:;'oux:d is closed and dre?smgs are applied. We Erefer a stockinette wrap from
ellifn i::: u}[:\vgrd, wrapping about the upper tlugh and waist. This tends to

ninate the dead space beneath the fascial lata which often harbors a hematoma
which may become secondarily infected.
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After skin drapes are fixed to the wound margins, the fascia lata is incised and
the vastus lateralis is either lifted from the bone along the lateral intramusecular
septum or split in the usval muscle-splitting maneuver. We prefer blunt splitting
to cutting since less bleeding usually results. Before starting the nail, a smooth
or threaded Steinmann pin is placed from the trochanter at the gluteal Jine into
the head of the femur, The Steinmann pin is placed on a line paralleling the
inferior margin of the neck and running upward and inward at an angle of 45
degrees with the shaft, The lateral position of the Steinmann nail is judged by
the roentgen shadow of the neck in a lateral position, Since the film is taken
parallel with the floor, any inclination of the neck shown on the film will be either
up or down in relation to the operating room floor. This pin is used chiefly to fix
the temoral head before driving the nail and thus prevents rotation of the head
fragment which might occur if the Smith-Petersen nail should strike at the edge
of the head fragment. This precaution was adopted by us after many sad attempts
with loss of position and necessary re-reduction. It takes a few moments longer
but saves hours in case of surgical accident, After placing the Steinmann nail,
we select a point 0.75 to 1.25 inches distal to the gluteal line for the center of
the nail. This will usually be opposite the lesser trock It is wise to feel
around the femur to be certain of the level before placing the nail. It is difficult
at first to estimate the mail's length, but if the mail is started at the level of the
lesser trochanter and parallels the neck, an 11 or 115 cm. mail for men and a
10 or 10.5 cm. nail for women will, as a rule, be used. This is an overall
measurement. Shorter nails are used in more transverse nailings. One or 1.5 em.
of the nail can be counted on to stand away from the lateral surface of the shaft.
There is usually a 20 to 25 per cent magnification roentgenographically owing to
the nearness of the x-ray tube. The known length of the screw pin driven into the
bone can also be used to estimate nail length.

A small chisel is used to start the nail, cutting slots at 60 degrees from a com-
mon center. The nail starter may be used, but it causes more trauma and shock
and offers no advantage. The Smith-Petersen nail is driven across the fracture line
until it strikes the dense cancellous portion of the head. Before driving it deeper
into the cancellons portion of the head, a film is taken to check position. If the
nail is improperly placed, it is easily discovered at this point before pulverizing
the cancellous central fragment of the head. If necessary, the nail may be re-
directed, its length again estimated, and the nail driven home before another
film is taken. In nailing we strive to have the nail on the anteroposterior plane
lic in the center or just below center of the head so that it will not cut out of
the top of the head by weight-bearing or shearing thrust. In the lateral plane
we strive to have the nail placed just behind center or in the center so that
external rotation will not allow it so cut out anteriorly. The nail is placed deep
enough so that it lies just beneath the cartilege cap of the femoral head, since
the only real hold it has is on the dense cancellous bone of the head. It has no
grip on the cortex of the shaft, the cortical entrance point acting only as a direc-
tional guide point not as a fixation point for the nail. As the minimal aseptic
necrosis of healing occurs at the fracture site with settling of the fracture surface
irregularities producing an over-all confluence prior to union, the nail tends
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the supposed rate of increase in union, though there is tertainly no reason why
this procedure should not be followed.

At one time a previous associate of ours, Dr. Bret Smart of Oa]\lnnf], ran a
group of cases at the San Francisco City and County Hospital. These hips were
nailed and grafted primarily. The preponderance of grafts done were iliac,
though some tibial grafts were used. The nail was properly plnced, and then a
% inch drill hole was placed either above or below the nail crossing the fracture
line. The graft was shaped to fit and taken from the tibia or from the wing
of the ilium with a cork-borer type of graft device designed by Dr. Smart. Careful
and critical analysis of these cases was so disappointing that the practice was
discontinued. Aseptic necrosis, loss of position, etc., were as common with the
nail graft technic as they were with simple nailing. The results were correlated
to the type of fracture and in no way influenced as to the rate of healing by
the addition of a bone graft.

Patnorocic FRACTURES

Pathologic fracture commonly occurs with metastatic carcinoma. We believe
in nailing the fracture since it provides fisation, thus freeing the patient from
traction and eliminating pain. This often allows an extended period of ambula-
tion. Roentgen treatment also will occasionally result in late fracture when used
for pelvic malignancies. Some authors have reported this condition to be an
endarteritis, others a marked increase in local vascularity at the fracture site.
Whatever the situation is, nailing is undertaken as above outlined. We have even
nailed an unbroken femoral neck in hopes of preventing fracture in a rare-
fied neck when the opposite side had already been fractured and nailed. So far
fracture of this rarefied neck has not occurred, and the fractured side has healed
satisfactorily. The ultimate outcome of this case is unknown as yet, for only one
year has elapsed since operation. The occurrence of bone rarefaction and the ease
of healing scemed ta point, in our opinion, to the theorem that this is a matter
of local increased vascularity.

Open versus Closed Nailing. There has been a great deal of controversy over
the problem of open versus closed or blind nailing of these fractures. In early
practice all operators used the open route until Johansen popularized the blind
technic. For a time following this the blind technic enjoyed greater popularity,
and it is still the most popular method of fixation. However, at present several
careful thinkers and eacellent men in the field are using the open technic. The
incision is either an anterior iliofemoral of the Cubbins type or an anterolateral
incision between the gluteus medius and the tensor fascia femoris, extended
down the lateral intramuscular septum. We prefer the anterolateral exposure for
this purpose since the muscle origins are not disturbed, and we feel that post-
operative strength is more rapidly regained. However, evposure is better with
the anterior iliofemoral or Cubbins type. In the anterolateral exposure care must
be taken not to injure the superior gluteal nerve as it crosses to the tensor fascia
femoris.AIf the interval between the tensor and gluteus is opened bluntly, the
nerve will fall unharmed, free on the tensor or medial side of the incision. The
exposure is most easily done by frst making the usual incision lhrougil the
fascia lata. The index finger comes from the inferior surface of the gluteus medius
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Postarerative CARE

We are not in favor of postoperative traction, for we are attempting to impact
not distract. If traction is wsed at 2ll, it must be only enough to relieve muscle
spasm, for we have had 2 cases in which the hips were disimpacted by postopera-
tive traction, both hips eventually reaching nonunion and requiring late
osteotomy. If the leg has a marked tendency to external rotation, this can be
controtled by having the patient wear a shoe with crossarm affixed to hold the foot
and leg in internal rotation.

The patient can be up on the first postoperative day, but we sec little to be
gained in the average instance and usually start our patients sitting on the edge of
the bed as soon as the worst of the postoperative soreness and stiffness has passed
on the fourth or fifth day. The patient will begin with crotches sometime between
the seventh and 10th days, except for an extremely active individual who may get
on his teet sooner. The patient is sent home during the second or third week,
on crutches, or, if afraid of crutches or awkward in their use, in a four-wheeled
invalid walker, We do not insist on erutches, for some patients are unable to
Jearn good balance and co-ordination and oceasionally have been known to fall,
fracturing the opposite hip.

No weight-bearing is allowed on adduction fractures of the femoral neck for
six months and not then if tgenograms show evid of aseptic
of the head or if union seems unsatisfactory at this date. Usually from the sixth
to ninth month Slms will show satisfactory early healing, and weight-bearing
may be allowed. At first the patient will use both erutches, bearing some weight
on the involved hip, Gradually he will discard one crutch and then may use
a cane or be completely free of support.

Early in the postoperative course we encourage abduction, flexion, and exten-
sion exercises but do not force our patients, feeling that forced motion may
occasionally result in loss of position. We assiduously avoid external rotation
and adduction. During the first two to three months we become more insistent
on good hip motion, and between the fifth and smh months, if roentgen films
are favorable, we like to begin some of the
gluteus medius.

It is only fair at this point to reiterate that there are many special nailing
technies used by excellent surgeons. Some of these vary but little while others
are quite dufferent, One of us prefers a technic using the heavy graduated wire
and cannulated nail. With this technic care must be exercised not to kink the wire
and thus drive it deeper and not to allow it ta catch in the cannulated partion of
the nail while driving. 1t is an excellent technic, and though there are certain
advantages, there are also some disadvantages, It makes an excellent alternate
technic. There are many other fixation devices such as scre\vs, lag crews, “Z”
nails, etc., any of which may be used satisf: il id detailed routine
is worked out by the surgeon and followed metxculously

We have preferred to outline our technic because we feel it is a quick, simple,
and practically foolproof routine.

Much has been written about the advantage of a primary bone graft at the
time of nailing. There are many excellent reports in the literature, but we question

prag
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pelvis is approximately 5 to 7 degrees, one can be certain that Lintons angle
will be only 5 to 7 degrees greater than Pauwels’. It is absolutely essential in
measuring these angles that the full view of the femoral neck be represented
on the film, and this is done by holding the fracture in internal rotation. For
this reason the nailing lms are the only ones truly suitable for such measure-
ments. The measurements are taken from the distal fragment and not the
proximal fragment (Fig. 4).

va
LINTON'S
ANGLE

Fic. 4.—Linton’s angle, measured on the distal fra,
s angle, gment, an angle made by continui i
of fracture until it crosses a perpendicular to the line of the shaft. Thi)s’ mus:ng:engm:haesgxl:;
with the hip in internal rotation.

. Since we know that fractures having a high angle, of the adduction type, a

likely to result in nonunion, we have elected to treat them with )’Pr.. o
osteotomy rather than to wait for a nonunion to develop. Linton fouEdm:;ry
angles of more than 45 degrees were especially likely to cause difficulty. P; "
ously the objection to osteotomy has been a loss of knee and hi motioy. wing
to postoperative plaster fixation as well as an exaggeration Sf kne g 0\1‘71“2;
¥lowever, with a high McMurray osteotomy the loss of length is mi . vlﬂ i
if these osteotomies are treated as intertrochanteric fractures and mr'x;a(i and
plated, they do not result in a loss of either knee or hip motion \Ven}?:l:e u:::g
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and tensor, being passed superiorly from the trochanter, One easily falls into the
grove between muscle bellies, and division in this plane without damage to
muscle or nerve is possible. This is much easier than attempting to find the plane
externally, from superficial to deep, between the two muscles, After a T incision
of the capsule leaving a lip of fibrous tissue at the acetabular margin, the frac-
ture site is inspected. Reduction is then performed, and it is only fair to say that
it is not always simple. It is amazing how difficult it is to be absolutely certain
that reduction has been complete. Once reduced the fracture is fixed with a
Steinmann nail as in the blind nailing procedure. The Smith-Petersen nail is
driven up to the tracture line before the final reduction is made to be certain
that it is well centered and then driven home. Check roentgen films are taken,
placing the film in a cassette under the patient, first in the anteroposterior and
then in the lateral view. The lateral view is accomplished by abduction and
external rotation of the femur without moving the x-ray tube. The procedure can
be done either on a fracture table or on a regular operating table. It has been
our cliical impression that union has been more frequent and undisturbed
using the blind technic for the average fracture, though certainly there is no great
difterence. The blind technic is easier to use from a technical standpoint and
subject usually to less in the way of operative complications. With poor roentgen
tacilities and a good operating team the open method may be somewhat prefer-
able. But if working conditions are ideal, the blind technic is certainly to be
preferred.

We have tried De Palmas’s technic of wedge osteotomy of the neck at the time
of open operation. Certainly union does not necessarily follow and here, also, it
depends on revascularization of the head. Shortening of the neck without trans-
plantation of the trochanter may also result in occasional dislocation of the hip.
Certainly it one leans toward open technic, the osteotomy of the neck should be
practiced on unstable tractures. It is, however, unnecessary on the more stable .

types.
Priviary OsTEOTOMY

Tt has long been recognized that some 15 per cent of fractures of the femnorat
neck do not heal because of poor nailing, loss of position, poor circulation of the
head, or some other factor, Lloyd in 1938 made the oft quoted statement that

“the bad results of nailing are generally the results of bad nailing,” This, of course,
is partially true, but it is becommg 1ncreasmg1y apparent that there are many
other important iderations in the problem not covered by that quotation.
One cannot always be certain whether a fracture will give a good or bad result,
but almost always those which are gomg to give bad results can be picked prior
to the complication by certain r istics.

Fractures of the femoral neck have been divided by both Pauwels and Linton,
according to the shearing angle of the fracture line. We prefer Linton’s technic
because it utilizes the angle between the fracture line and a perpendicular to
the line of the femoral shaft rather than the angle between the fracture line and
a base line drawn through the pelvis. The pelvis is seldom included sufficiently
on the film to make Pauwels’ angle determinable; and since Fick has shown
that the angle between the long axis of the femur and the vertical plane of the
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osteotomy line healed readily in three or four months. The head fragments sf:ﬂled
down on the displaced shaft with resultant healing shown roemgenogmphxcally.
We have been fortunate in being able to follow this patient so that we k.now that
her range of motion is almost equal to that of her normal side, there bemg.a lus.s
of about 30 degrees in flexion and 10 degrees in eatension. Her shortening is
075 inch. She had a small increase in her physiologic knee valgus. This treatment
was a radical departure in treatment but a theoretically sound deviation from
the usual procedure and one which we use routinely now under special cir-
cumstances.

At present if a tracture is unstable with an increased shearing angle or if
reduction for some reason is not satisfactory to the surgeon, osteotomy is done
as a primary procedure. Angles of from 45 degrees upward are considered
unstable, though occasionally such a fracture may be reduced so that the proximal
tragment is caught by the distal fragment. If reduction seems secure, that is,
stable, it may go on to successful conclusion, and in this case osteotomy would
not be done.

This group of fractures, as already noted, though they may heal, will also
carry a high percentage of aseptically necrotic heads and nonunion so that when
a satisfactory method of handling is available, it seems only reasonable to take this
course and save the patient an extra procedure.

Two sites of osteotomy may be chosen; either a long oblique sectioning of
the femur trom 1.5 to 2 inches below the gluteal line upward to come out just
beneath the neck of the femur, or an even more oblique ‘line of sectioning which
passes along the inferior surface of the femoral neck including it in the distal
tragment. The first type is satisfactory except for one feature, that is, the increased
knee valgus. This occurs whenever the femoral shaft is displaced medially and
becomes greater the further the displacement is accomplished because the
suspending arm of the femoral neck is by-passed; thus, the normal knee is
displaced into apparent valgus. This physiologic knee valgus is ordinarily not
apparent, As the femur is shifted medially under the head with shortening of
the neck, the long axis of the femoral shaft becomes more parallel with the mid-
sagittal plane. In other words, the effect of medial displacement is similar to
abduction at the point of osteotomy. In some persons this is minimal and unim-
portant; in others, who have some initial valgus, it is important and often results
in knee pain due to strain of the medial collateral ligament. It has been severe
enough in certain cases to require osteotomy at a lower point (Schumm). The
advantage of the higher osteotomy, which might be likened to a low and oblique
Leadbetter though it differs in several features, is that less medial displacement
of the margin of the shaft under the unstable head is necessary; hence, there is
less knee valgus. It is also much easier to get adequate medial displacement of
the femoral shaft. AIn eithe.x this tet.:hnic or the high McMurray, medial displace-
ment o_f the shnf.k is essential to uniformly satfsfnctory tesults. We realize that in
many instances it is the change from a shearing to an impacting angle which is
truly important, but there are many instances where the osteotomy must also
eventually support the head for a satisfactory result. Because of this w
the McMurray principle the most useful over-all plan.

In attempting to conquer so difficult a problem, one must adopt the procedure

e consider
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a simple Schantz osteotomy, merely changing the shearing angle to an impacting
angle, as Linton suggested, with success in some fractures, But it is our confirmed
belief that the high oblique McMurray type is the most suitable. If union does
oceur, the Schantz is satisfactory; but if it does not occur, as when a dead head
tragment is present, then the McMurray, with medial displacement of the shaft,
is more likely to be successful, for its acts not only to change the angle but also
as a mechanical support to the head fragment, preventing its downward drop.

Fic. 5—A steep angle fracture which slips by easily, being held in reduced position merely by

proper trachon Swice it was reduced five times and would not lock, pnmary osteotomy was

done. Note that here the osteotomy mncludes the infersor margin of the neck. Bone chips have

been added at the osteotomy site. With this osteotomy the angle is made more sloping and the
head fragment is supported by the shaft fragment.

Our first primary osteotomy was done in October, 1944, on a patient whose
reduction tor a midcervical fracture had been attempted five times. Reduction
from the over-reduced to the under-reduced position could be altered by slight
changes in tension of the leg-holding device on the Bell table (Fig. 5). It was
obvious that reduction would be extremely unstable regardless of the type of
fixation used. Because of this a high McMurray osteotomy was decided on,
including the inferior margins of the neck. This was executed as a primary pro-
cedure, The results were more heartening than we had dared hope. The
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may maintain its shape and contour even with nonunion beh}'ccn it and the
osteotomy site. Of course, the reason for this gradual dissolution of the head
is clear when we consider the pioneer work of Phemister, elaborated in greater
detail recently by Phemister and Sherman. It is quite clear that 2 head undergoing
creeping substitution over a period of years from its vascular adhesions may
fragment irregularly with irregular replacement, or it may gradually become a
soft shell which is easily crushed by some sudden force.

From a mechanical standpoint ¢ y with ful medial disp!
of the shaft gives a relatively stable hip, even with nonunion between head and
osteotomy. Here there is the effect of a secondary joint, for the weight-bearing
is taken on the head by the cupped shaft trochanteric segment. These patients
have some limp but can get about with only a cane with no appreciable disability
in old age. 1f they were younger and attempting hard labor, certainly more would
complain. With necrotic heads which appear roentgenographically incompatible
with comfort, the patient will have a stable and painless hip. These hips will al-
most never take hard work, but certainly in the presence of the osteotomy with
its change from leverage force to more direct impact there is often no complaint.
Also there is often some increase in support because of the angle of the osteotomy
as the femoral shaft comes to lie against the side of the pelvis. One cannot predict
the patient’s clinical state from the roentgen flm, and, therefore, should refrain
from treating the film and concentrate on the clinical complaints. It is most
interesting that to date, in spite of the roentgen appearance—and it is sometimes
unbelievably bad, we have never been forced on this score to do any other
procedure because of necrosis of the head associated with nonunion. Necrotic
heads which are healed to the neck may result in much more painful and dis-
abling changes. Motion is also well maintained in all our osteotomies since they
are mobilized at an early time and treated exactly like intertrochanteric fractures.
Shortening is not over 1 inch, and frequently with a high osteotomy it is less,
Weight-bearing is begun as soon as healing of the osteotomy is secure, usually
from three to four months. With these technics we have had no nonunions or
delayed unions of the osteotomy site since the osteotomy is self-impacting.

Over a period of years an osteotomy with nonunion of the head to the shaft
will gradually lose its angle (Fig. 6), or it may wear off its projecting ledge;
but usually, if this complication supervenes, there is sufficient dense fibrous tissue
to give 2 firm union and the hip does not become more unstable. Of course,
with union of the trochanter, head, and shaft, the above forces are not at play on
the osteatomy site, and there is no consequent change. One should also bear in
mind that the fate (?f the head cannot be ascertained in 2 year but must be
:e}\::l;x:ed over a period of frotn two to five years. In the majority of our cases

gments of the he.nd look good t.hmughout the first year, but a large per-
icsn:a.ge shows. pmgfessue frngm.entahon after this time. The important finding
pite of this advanced aseptic necrosis is that these patien

no clinical complaint.

ts have almost

TreaTMENT OF NONUNION

It is apparent from the many technics evolved to care for th
I pparen! 2 e problem of non-
union with living_or dead head and normal or disappearing ncIc)k, upl\-rv.lv;d f’(;’i:.
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which will best answer whatever complications may arise. The osteotomy through
the inferior neck is our favorite at present, though the high McMurray is a
close seconed. It is accomplished by nailing the fracture after reasonable reduc-
tion. The osteotomy is outlined by drill heles below the nail and along the
anterior surtace of the shaft below the course of the naill. A wide osteotome
is then driven through the course marked out by the drill holes to include the
shelf of the inferior margin of the neck up to the fracture line. Prior to this, or at
this moment, the inferior neck is cleared to the inferior acetabulum. The
severed shaft and neck fragment arc then abducted, medially displaced, and
adducted to neutral, then shortened to lie in close approvmation beneath the
head fragment. The shaft is then fixed in proper relationship, using a Thornton
four hole bar, bent in the region of the first screw hole, increasing the angle
of the plate to about 30 degrees. If the bar is not bent, the plate will displace
the shatt laterally to normal position as it is tightened. If the plate is bent at
the attachment for the nail, it frequently cracks sinee this is a weak place in the
bar, Furthermore, if the plate or bar is bent too high so that the plate does not
come to bear on a part of the greater troct ic fragment 1 h the nail,
the entire assembly may shorten with the trochanter, splintering and alowing
penetration of the nail inte the acetabulum, After proper positioning any gap
between the head fragment and the shaft, can be flled with chips from the
anterior upper femoral surface or with iliac strips. It is unnecessary to cut 2
wedge since in pulling the trochanter distally with the nail inserted to attach it
to the temoral shaft and at the same time maintaining medial displacement, theze
will be some telescoping of the trochanter on the shaft, the amount determined
entirely by the bend of the plate. It is essentinl that after sectioning the femur
the shaft be externally rotated approximately 10 degrees since the upper or
trochanteric fragment normally falls in this position. Unless this precaution is
taken, the patient will have a permanent internal rotation deformity. This is
much more disabling than many times the same amount of external rotation,
for the patient keeps tripping over his own toes. One must be careful in this
type of ostectomy with an old fracture, which displays shortening of the neck
and has @ resultant selixed capsule, that abduction is not everdone, If sueh
shortening is present, the above plan will often result in dislocation of the head
from the acetabulum. In these cases either a low McMurray's or some other recon:
structive procedure is more desirable. The fixation of the head to the trochanter

without a neck, plus the marked abduction of the shaft, acting as a powerful

lever arm on returning to its neutral position in the presence of a relaxed hip

capsule, is frequently followed by dislocation. Osteotomy has generaily been done

as a blind procedure, but in certain instances we have used it as an open technic,

employing the anterolateral full hip exposure.

In following these cases we have noticed that when the head heals in at the
osteotomy site and its cireulation is intact or when it is revascularized rapidly,
the contour of the heat is not disturbed by changes of aseptic is. Ilowever,
when circulation of the head is not restored, the head stays as a dense, unchanged
fragment, slowly absorbing at the point of contact with the neck, or with non-
union often gradually disintegrating and collapsing over a period of several years
until it is hopelessly misshapen, as seen in the roentgenogram, The head, if viable,
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placement of the shaft, etc., that osteotomy is not always the choice, especially
Iate in the course of this condition when changes have become advanced, It is
true that osteotomy can usually be considered, but many times there are other
excellent technies, all having their special advantages. These divide themselves
most easily into two main groups, depending on the viability of the head:

(1) Nonunion with a living head
(a) neck well preserved
(b) neck absorbed
(2) Nonunion with a dead head showing necrosis

The following group of procedures is a good working outline, though it does
not encompass all suggested forms of therapy. In our opinion one of the following
technics will care for any nonunion problem if properly selected. We consider
them the most certain of success.

In the presence of a living head with a well preserved neck the choices open
to the surgeon are:

(1) Osteotomy
(2) Brackett reconstruction
(8) Nail and graft .

If the neck is resorbed, the following choices are suitable, depending on the
degree of absorption and viability of the head:

(1) Osteotomy

(2) Brackett reconstruction

(8) Luck reconstruction

(4) Moore’s cartilage cup arthroplasty
(5) Replacement with prosthesis

If the neck shows marked resorption with a nonviable head, the surgeon
must decide on one of the following:

(1) Colonna reconstruction

(2) Moore’s cartilage cup arthroplasty

(3) Vitallium mold arthroplasty of the Whitman, trochanteric, or inter-
trochanteric type

(4) Arthrodesis

{5) Replacement with prosthesis

These procedures will be briefly discussed in the following paragraphs.

Arthrodesis. A. B. Gill has been the chief proponent of arthrodesis followin:
fracture of the femoral neck. He chooses especially those cases with rapid equg
loss of neck length or late cases with marked loss of neck length, grossp necr‘osi)s/
of the femoral head, and marked changes of chronic arthritis, He,feels that wit}
the above criteria in mind he will save the i . Ho
also assures stability which is important, es)
active,

We have tried this technic several times
when the neck wa

gntient time and a painful hip. He
pecially when the patient is young and

after dislocation of the femor.
2 al head
s too short for successful osteotomy, or when the neck was
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the time elapse is not great, either a late nailing or a nailing \vi.th addition of
a graft is acceptable; but there are usually more certain and reliable forms of
treatment. .

Osteotomy. Osteotomy has been considered at some length in the foregoing.
We are especially partial to this technic and use it rather than other procedures
whenever we have sufficient remaining femoral neck. Dickson has described
an osteotomy which is Jogical and should yield excellent results. We have had
no experience with it, performing the McMurray type, but feel that if one has
the right tools to make the correct angles the results will probably be satisfactory.
This procedure is preferable with a viable head but may be useful even with a
nonviable proximal fragment.

Brackett Reconstruction. After exposure of the hip through an anterior ilio-
femoral incision, the proximal or head fragment is scooped out to form a socket
which receives the distal fragment. The shaft fragment is prepared by rounding
off the stump of the neck near the shaft so that it consists of a rounded cancellous
surface, The greater trochanter is cut free with the attached gluteus medius and
minimus and transplanted down the shaft as far as possible, being reattached
with screw or wire. We prefer to hold the reduction with a Smith-Petersen nail,
though Austin-Moore pins are quite suitable. The position at the fime of nailing
is such that the head will not fall off easily since it lies in some valgus. Post-
operatively a double hip spica is used which is left in place for six weeks, though
weight-bearing is not allowed for several months, depending on the degree of
union demonstrated roentgenographically.

Luck Reconstruction. This procedure is essentially the same as Brackett’s re-
construction, except that here no attempt is made to use the stump of the neck.
The femur is transected at the base of the neck and the upper portion of the
neck discarded. The freshened surface of the head fragment is then approximated
to the shaft fragment. Position can be maintained with a Smith-Petersen nail
(Fig. 7), Austin-Moore pins, or a Steinmapn nail, depending on the circumstance.
The trochanteric fragment is transplanted inferiorly as far down the shaft as
possible. Postoperatively a double hip spica is applied for six to eight weeks, and
then motion is started; but weight-bearing is deferred usually for a period of six
months. The final decision is made on the basis of roentgenographic evidence of
union,

Moore’s Cartilage Cup Arthroplasty. Moore’s cartilage cup arthroplasty deserves

ion b it is ingenious and applicable under certain conditions. With
either a viable or nonviable head and poor neck length, the bone of the head
fragment can be scooped out until the light can be seen through the cartilage
of the head throughonut its surface. This cartilage hemisphere is then placed over
the rounded trochanter or neck, and the hip is placed in abduction, using well
le.g boots or a spica for eight weeks® retention and then starting motion. The
]n!)s must be held between 60 and 80 degrees of abduction to be certain to main-
tain the position behvt?en shaft fragment and cartilage cup. The trochanter with
attached gluteus medius and minimus is transplanted distally on the femur.
Moore uses a double hip spica to the normal knee and operated ankle. At si-
weeks the good hip is free, and at eight weeks the operated hip is p];med i:
balanced traction; weight-bearing is permitted at 10 weeks. The average case
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practically nonexistent. Through Ollier’s incision the greater trock is cleaned
of fibrous tissue and placed in the denuded, deepened acetabulum. In some cases
the greater trochanter and upper portion of the shaft are used as a free graft,
fixing the trochanter into a cleft just above the acetabular rim, The graft falls into
contact with the femur, helping by an extra-articular fusion in conjunction with
intra-articular arthrodesis.

Gill reports union in 6 of 10 such cases. Our rate is much poorer being 1
of 4. One of our most promising arthrodeses, done according to the Gill technic,
is a splendid arthroplasty with from 30 to 40 degrees of flexion obtained, with
no pain and clinical stability, though with some shortening; a good result but
no fusion.

The reasons for such nonunions are not difficult to ascertain, but we will not
discuss them here.

We feel that in certain instances where stability is desirable arthrodesis is
a valuable therapeutic aid, but that, in general, some type of reconstruction
procedure in which motion is maintained is preferable.

Colonna Reconstruction. Colonna has written convincingly and in detail regard-
ing his technic where the head is discarded and the greater trochanter placed
in the acetabulum, He chooses those cases with necrotic heads and loss of neck.
After suitable exposure the gluteus medius and minimus are freed from the
trochanter to be transplanted down the shaft under light tension with the shaft
in full extension and 25 degrees of abduction. The trochanter with its fibrous
covering is displaced into the acetabulum. Colonna feels that additional deepen-
ing of the acetabulum is not only unnecessary but unwise. A long plaster spica
with the hip extended and in 25 degrees of abduction is applied postoperatively,
being left in place four weeks. Early motion is then started with a posterior
mold and hip suspension. The leg is, however, not permitted to come further
toward adduction than 10 degrees of abduction for seven weeks, at which time
the patient is allowed up in a walker, progressing to crutches and then full-
weight-bearing as soon as possible.

Perhaps in other hands results are more satisfactory. We have had a limited
experience with this p i} but the of Speed and Smith, that
the procedure too often results in a weak unstable painful hip, seems true.
Spontapeous dislocation has not occurred in our cases, perhaps because we have
done too few, but these authors remark on this particular complication. Certainly
ours have been unstable and painful. The technic, however, is of great value as a
basic consideration and is an important contribution to these problems. We
feel that if it were done with attention to deepening and widening of the
acetabulum with resection of the inferior margin of the acetabulum that it
would result in a more stable and less painful hip. This basic technic has been
utilized in several subsequent cup procedures.

Bone Graft. In general, we do not feel that freshening of the surfaces of the
nonunion and renailing with the use of 2 nail and bone graft of tibia, fibula,
or ilium is a reliable procedure. We realize that the procedure is in wide use,

but the same factors which were responsible for the original nonunion remain
active, For this reason we prefer some other reconstructive pmcedure, namely
the Brackett or Luck. If the femoral neck fracture was missed or untreated and
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be osteotomized since it serves to keep the shaft displaced laterally. No special
care of the lesser trochanter is necessary for with fibrous reattachment function
is restored. As pointed out by Philip Wilson, though union of the greater tro-
chanter is desirable, no great disability follows a firm fibrous union of this trans-
plant. A cup is inserted which allows free motion of the neck within the cup and
motion of the cup within the acetabulum. After closure, well leg plaster boots,
preferably long leg on the operated side and short leg on the normal side, are
applied with the leg held in 35 degrecs of abduction by a crossbar. These are left
in place for six weeks and then the hip is mobilized by overhead hip suspension.
Care is taken not to adduct for the first two or three wecks of mobilization. A
roentgenographic check of position in neutral and abduction may be comforting.
Walking is graduated from walker to crutches and then with no support. If no
neck remains, the same technic is carried out, displacing the trochanteric stump
into the acetabulum, first covering it with a cup of adequate size. In our experi-
ence it has been unnecessary to widen the acetabulum, though we make a great
point of deepening it and freeing both the inferior acetabulum and the shaft of
any tissue or structures which may tend to cause lateral displacement of the
shaft. Before the trochanteric area can be displaced into the acetabulum, the
external rotators of the hip must also be removed. The important considerations in
our opinion are deepening of the bulum medially and superiorly, excision
of all impediments in the region of the inferior acetabulum, section of the lesser
trochanter, displacement inferiorly of the greater trochanter, and fivation in
abduction until the trochanter is healed; the hip is held in part by fibrous scar.
Of course, by transplanting the glutei with the trochanter a slight loss in height
occurs, but this is functionally unimportant.

Colonna pointed out that the trochanter is only 0.75 inch below the tip of
the head in the average patient. The usual loss of an inch is really inconsequential
and can be easily compensated for. These patients usually have a positive
Trendelenburg, but unless great strength and stability are essential the result
is satisfactory. In our experience this last technic of trochanteric vitallium cup
arthroplasty is the most useful. Of late we have tried primary trochanteric molds
and the primary Whitman type of arthroplasties, using the cup as described
above. Admittedly we are not prepared to advise this procedure for wide use.
However, in special circumstances, such as work with low grades of feeble-
mindedness and the psychotic, there is a distinct ad: ge. If the feebleminded
are not allowed to walk soon after injury, they forget how to walk and frequently
develop severe contractures. It may then be impossible to correct these contrac-
tures and to re-educate them in walking. They are also unable to co-operate in
thc'use of crutches or other nonweight-bearing technics, since they forget to re-
main off the operated leg or are mentally unable to master crutches. Under these
circumstances any osteotomy or reconstruction is doomed to fail,
allowing early weight-bearing is essential. By either trochanteric
cup procedures four to six weeks of abduction in well |
nnfl these patients then can become ambulatory. Many,
pain as readily as other s
markably well.

We wish to repeat that this technic should not be done as a primary procedure

ure and a plan
cup or Whitman
ez boots are sufficient,
" of course, do not feel
patients and with a relatively stable hip get around re-
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at the end of six months is stated to have 180 degrees of extension and 80 degrees
of flexion, 5 to 10 degrees of adduction, and 80 degrees of abduction.

We teel that this should be an excellent technic, though our own experience
is limited at present to only one case. This single case proves nothing, but it has
good results to date,

Fic. 7 ~Luck osteotomy with the head nailed in place and the transplanted
trochanter fived with screws.

Vitallium Cup or Mold Procedures. Vitallium cup procedures are extremely
valuable in our opinion, and in the presence of nonviable necrotic head fragments
or disappearing necks are easily adaptable. Often union will occur with gradual
loss of the dead head as revascularization proceeds, or an area of aseptic necrosis
will develop along the weight-bearing surface with symptoms common to chronic
arthritis. Here trimming of the head to remove the area of necrosis followed
by a tormal arthroplasty will improve function and decrease pain (Smith-Petersen
et al.). The decrease in pain is the most important result, though in advanced
cases where there has been restriction of motion, the motion will be somewhat
improved. When nonunion exists with a dead head, the neck is rounded, the
greater trochanter freed with gluteus medius and minimus attached so that it
can be transplanted inferiorly. The head fragment is discarded; the acetabulum
is deepened to and sometimes through the medial cortical plate of the pelvis
as well as superiorly. The inferior margin of the acetabulum is resected and all
capsular tissue incised so that the shaft can easily fall medially and will not be
held away by bone, cartilage, or fibrous tissue. The lesser trochanter must usually
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vessels in a frail capsular reflection, and insufficient scope of the Hgamentum.teres
artery which so often result in aseptic necrosis. It has been pointed out that if !he
head lives even with nonunion present there is usually slight if any arthritic
change, and reconstructive efforts are frequently successful, The n}ost severe
arthritic changes accompany union of a dead head and its late necrotic changes.
Though some changes will oceur with nonunion and necrosis of the head, these
will usually not show severe clinical disability.

Floyd and George reviewed 300 acute fractures fn which 33.6 per cent sho\vt{d
aseptic necrosis. Of course, not all of these patients had severe changes, nor did
all of them have complaints referable to the necrotic changes. It is interesting that
Linton reported 39 per cent of aseptic necrosis in his series of adduction fractures
with a 9 per cent necrosis in the abduction fractures which he reviewed.

OTtrER COMPLICATIONS

Penetration of the nail without osteotomy has been dealt with above. In cases
of osteotomy with penetration it is usually feasible to wait three or four months
for union of the osteotomy and then to remove all the metallic fixation, for at
this time the position will maintain itself. Penetration of the nail seldom results
in any severe late changes even with minor excavation of the acetabulum. In some
instances nail penetration becomes exireme, and occasionally a nail will work
its way into the pelvis. Cases of penetration of the bladder have been reported,
and we have one instance of penetration injuring the external iliac artery with
formation of a large aneurysm. The aneurysm was treated by a vascular con-
sultant, and the patient retained her leg and its function. This case will be re-
ported later by one of us in collaboration with the vascular consultant.

Nails seldom break, but if they do, the open technic in removing the broken
pieces and a reconstructive procedure are in order. By open visualization the nail
fragments are easily found and extracted. Following removal of the fragments, the
reconstruction plan best suited for the circumstances is chosen, the decision being
based on the individual requirements of that particular situation, as previously
set forth.

Infection, Postoperative infection is a serious complication in treatment of
femoral neck fractures. We have one case of simple abduction fracture that
has been on our wards for two years following a simple nailing, Infection became
noticeable after penicillin was discontinued in the third week, and the area has
drained persistently since that time. The treatment afforded was local drainage
followed by hip joint resection and finally amputation, this last being resorted
to as a litesaving measure. This patient is now walking on crutches and will
soon be discharged, but she represents the absolute extreme short of death which
can occur as the result of infection. The usual problem is that of a low grade
infection of a hematoma lying beneath the fascia lata. This must be opened
widely and drained. Tubes may be inserted using penicillin, polymyxin, or other
antibiotics, but, most important, providing surgical drainage, If this is unsuc-
cessful, and it frequently is because infection follows down the nail tract involvin
t_h‘e joint space at the fracture line, more radical therapy is indicated, Once thg
joint is really the seat of infection, it will seldom clea

r, without resection of the
head fragment and of the acetabular cartilage. One should not wait too long
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in fracture of the femoral neck except in these special instances, where other
technics are doomed at the start or where prolonged recumbency becomes per-
manent recumbency. These hips are good but certainly a second best from
primary nailing with or without osteotomy when proper co-operation can be
obtained.

Reple t by Prosthesis. In these technics either the methyl methacrylate
prosthesxs of Judet and Judet or the J. G. Collison steel prosthem applied as
suggested by Peterson, may be used, We have had no experience with either.
At first glance one would expect a gradual wearing away of the femoral shaft
and the trochanteric region to which they attach or lie against. However, the
reports of Judet and Collison and of several other excellent surgeons, commenting
on their work, would indicate that, though this approach is not without pitfalls, it
may be successfully used in many cases of nonunion of the femoral neck. It is
certainly, in its present stage, not applicable to all femoral neck problems. It
would seem to us that eventually, with improvement of material and design,
some such approach to the problem may evolve which is good enough to be used
as a primary procedure for bad risk adduction fractures of the femoral neck. We
wish to re-emphasize, however, that the time is not yet here.

AsepTic Necrosts

As pointed out by Phemister in 1939 and Phemister and Sherman in 1947,
there are certain peculiarities of adduction fractures of the femoral neck which
make them different from other fractures. Our immediate interest revolves about
the circulatory features involved. Certainly the presence or absence of blood
supply to the head is one of the chief basic problems. A well vascularized head
will remain alive in the face of nonunion. It will not gradually disintegrate, and
its presence makes possible a much better functioning reconstruction. The head
apparently has a variable arrangement in its blood supply. Its chief supply comes
trom the anterior and posterior circumflex vessels. These lie in the capsule re-
flected onto the neck, especially reflected onto the posterior neck. Many feel
that the vascular supply anteriorly is unimportant. If these vessels are not in-
jured, there may be sufficient circulation to preserve the head. Some of the
head circulation enters through the ligamentum teres, but this also is variable
and may be a significant section of bone or may be no larger in diameter than a
pea. Another source of circulation comes from the vessels of the neck themselves.
It must be at once obvious that any injury to any one of these groups of vessels
which might supply end-arteries without collateral circulation will result in
areas of aseptic necrosis which may collapse unless they are small and
revascularized before healing of the fracture has occurred or before weight-
bearing is allowed. If the ligamentum teres carries a small amount of the total
bloed supply to the head and if the vessels are interrupted by capsular tearing
at the time of division of the haversian channels of the neck by fracture, then
certainly the head will be dead. It is true that a dead head may unite at a point
of contact with the vascular neck fragment if reduction is satisfactory. Here,
however, revascularization is usually incomplete and aseptic necrosis develops.
The head often seems to settle progressively into the neck, being slowly engulfed
by living bone year after year. It is this system of end-arteries, vulnerable
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range of motion; one of these showed some slimming of the neck. The case
treated elsewhere healed in varus with necrosis of the head and was treated at
the San Francisco Shriners’ Hospital by late osteatomy which corrected the posi-
tion but did not improve the motion.

The midcervical fracture was manipulated in surgery since traction reduction
did not seem adequate. Position could not be held in a double hip spica without
metal fixation. To prevent loss of position, on the third attempt a Steinmann nail
was placed blindly, locking the trochanteric fragment to the head. Healing was
secure in seven months, but there was late asymmetry of the head. Motion,
however, was complete. Follow-up has been possible over a period of four
years for all except one of these cases.

Brief reports of these cases follow:

J. J., male, aged nine (Fig. 8) was injured Feb. 23, 1947, when he fell from a second story
roof while d-fighting. gen films disclosed a cervi : ic fracture of the femoral
neck. He was treated in traction with 8 pounds of weight and manipulated on Feb. 23, 1947,
bemng placed in a double hip spica in extension and 30 degrees of abduction. On Mar. 21, 1947,
because of some loss of position, it was necessary to wedge the hip into greater abduction
which corrected the deformity. He was at this time wedged to the complete limit of his abdue-
tion. His cast was removed on June 12, 1947, and he was started on weight-bearing at that
time. Qur note made on Nov. 26, 1947, states that he had complete union and a complete
range of painless motion,

C. MacN., aged fise (Fig. 9) fell from a garage roof on Feb, 27, 1947, and was brought to
the hospital on Mar, 2, 1947, complaining of left hip pam., Roentgenograms disclosed a cenico-
trochanteric fracture of the left femoral neck. The injured extremity was placed in straight
Buck’s extension with 3.5 pounds of weight. Because of early varus deformity the left hip was
brought into marked abduction on Mar. 7, 1947. On June 17, 1947, three and 2 half months
after injury, traction was removed and the patient was allowed to begin mobilijation of her
joints in bed. On June 30, 1947, she began to walk on crutches. Films at this time showed ex-
cellent healing, She used an ischial-bearing brace from Aug. 10, 1948 to Nov. 25, 1949, When
last seen, on Nov. 28, 1950, she had a full range of painless hip motion with no loss of leg length.
Films taken at this time showed ne evidence of aseptic necrosis other than a slight slimming
of the neck circumference,

D. W, aged 12 (Fig. 10} on Oct. 28, 1947 fell from a 10 to 12 foot reta.ning wall while
looking for his pocket nife. Roentgenograms disclosed a midneck fracture. Two days later
he was manipulated m surgery, and though reduction was not difficult, using the usual
Leadbetter technic, it could not be maintained in a spica in abduction and internal rotation.
For this reason he was ipulated, and was maintained by blind pl of a
Steinmann nanl buried beneath the skin and external isation in the form of a double hip spica
On Mar. 5, 1947, the pin was removed but the spica was retained until May 5, 1648, He was
carried on p il ing weight-bearing, using crutches until Dec. 13, 1949, Since
that time his actisity has been unrestricted. When recently seen (Dec. 26, 1950) ho had o
complite range of hip motion. Fis shortening was 0.5 inch, I\oentgeno"m’ms
closed a somewhat misshapen head, though he did not complain of pain.b ’
e o T 1, v B bt e o e 10

! 3 ining a ceryicotrochanteric fracture
of the femoral neck. She had been treated in traction for two months and then placed i
spica for two months. Her fracture had healed in a varus position. Roentgen films 5] Ce dm] "
ﬂse}?tic necrosis of the head. Shortly th fter a curved of the subt 0\:6 g
region was done, correcting the varus angle. The greater trochanter was moved down and

fixed 1n a new location lower on the shaft wi i

th a single screw. Her motion hef:
after surgery was limited to between 20 and o i cther motiy 2 also
oo s en 20 and 30 degrees of flexion. All other motion was also

howeser, dis-
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to perform this resection; and if the patient shows signs of joint sepsis with gen-
eralized toxic symptoms, weight loss, fever, anemis, and general dehility, joint
excision may be lifesaving. The skin margins may be sewn over the raw sub-
cutaneous surfaces and muscle, obliterating all but the joint cavity and narrowing
the drainage surface. Usually this procedure is enough, but occasionally dis-
articulation must be necessary to save the patient’s life.

Thromboses. Orthopedists as a group at one time disclaimed all but occasional
vascular thromboses or emboli, We at one time said that we could count our
thromboses on the fingers of ane hand. At present we are the first to adimit that
such complications are frequent, even with attention to early exercise and
precautions as to supportive wrapping of the Jower legs. Now that we expeet
the complication and recognize it, we often see it. Our usual plan has been
to carry the patient on general supportive measures, using in addition depo-
heparin intramusenlarly and dicumarol. The patient is followed closely with
prothrombin determinations. We like to earry our patients at a prothrombin con-
centration of between 20 and 30 per cent.

Bracine

We are oceasionally asked about bracing when a nailing is unsatisfactory.
Weight-bearing is to be avoided in any event, and a long leg brace dangling
from the hip only makes displacement more likely. The only brace which could
be of value is one with a pelvic band and thigh euff with a hip joint lock. Here
the weight would come on the iliac crests and would not dangle from the hip
joint. This is a poor approach to the problem. If nailing needs this much addi-
tional support, osteotomy should be done at once. However, bracing is valuable
when a nonunion exists in a case which is inoperable. Here an ischial bearing
brace may allow comfort in walking and stability which could not be attained
in any other way. Jt should not be forgotten, for occasionally it is the most
rational way out of a difficult situation, and in this present day rush to correct
all such problems surgically, one sometimes forgets the simple approach.

Fracrures v CHILDREN

Any discussion should contain mention of fractures of the femoral neck in
hildhood. These f are and no one person is privileged to

see more than a few such injuries. We have seen in recent years 3 acute fractures
in children and one case of malunion. In addition, we have had a ease of aseptic
necrosis requiring arthraplasty in a woman 85 years of age who had had such a
fracture in early childhood,

Of the 4 cases there were 3 cervicotrochanteric fractures and one midcervieal
fracture. The ages of these children ranged from five to 12 years, and all frac-
tures resulted from severe traumay 2 felf from a roof, 1 from a 12 foot wall, and 1
from a horse.

The 3 cervicotrochanteric fractures were treated with traction in abduction,
1 until recovery was complete and weight-beoring possible, and 2 with a com-
bination of early traction followed by plaster spica fixation in wide abduction.
Two of the cervicotrochaunteric fractures healed in four months and had a full
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These cases emphasize several important considerations. Fractures of the
femoral neck in childhood do not result from the minimal injury seen with such
fractures in adult life. Here the trauma is usually extreme and the child has fallen
from a height or suffered other violent injury. The site of femoral neck fracture
in childhood is predominantly cervi h ic. Carrell and Carrell placed the
incidence at 75 per cent cervicotrochanteric and 25 per cent midneck fractures.
The most suitable therapy in these cases is traction in abduction, usually com-
bined with plaster fixation at some stage. Wide abduction is absolutely essential;
it is occasionally necessary to section the adductors to get sufficient abduction.
One technic used by Carrell and Carrell, Hoke type plaster and wide abduction
with traction from the plaster, seems especially applicable, though we used the
open traction technic. Traction plus abduction certainly seems the secret of
success and llic fixation is inadvisable unless there is no other way to hold
reduction. Some have found reduction in abduction and internal rotation held
satisfactorily by a spica in the midcervical type. We found it necessary to add a
Stei nail to this procedure. We do not feel that such a nail injures the
epiphysis, for we have used it often in congenital hip problems with no app
sequelae. This incidence of aseptic necrosis has been considered higher in frac-
tures in children since it is known that the artery of the ligamentum teres is not
patent until adolescence, Though this seems true from our series, the reported in-
cidence of 83 per cent is approximately that seen in the critically analyzed adult
cases. Certainly it seems logical that any fracture dividing the haversian circula-
tion, tearing the capsular reflections, and injuring the nutrient vessel with a lack of
circulation from the ligamentum teres can only result in aseptic necrosis of the
head. It should be remembered. as regards the posterior neck vessels, that the
capsule in a child is much heavier in structure, and for this reason the vessels are
probably less frequently permanently damaged than in older patients. If union
should oceur in poor position, it is better to wait until it seems complete, with
the local circulation well re-established, before correcting the poor position by
late osteotomy at a site which does not interfere with circulation to the neck.

To recapitulate, fractures of the femoral neck in childhood result from violent
trauma, and are best treated by traction and abduction in or out of a spica.
Healing is usually good at the fracture site, though nonunion is not unknown and
poor position is best treated by late osteotomy. The parents should be advised
of the likelihood of aseptic necrosis.

In closing we wish to say that though 2 hip fracture may be the most simple
of problems, there still remain approsimately 15 per cent of these fractures which
will tax the ingenuity and perseverance of the most competent of surgeons. We
all owe a debt of gratitude to the pioneers in this field—Whitman, Albee,
Leadbetter, Colonna, Wilson—and to Smith-Petersen above all for his great
contributions, the nail for primary treatment and the cup for its complications.

Many of these fractures can be handled by one of the above described plans.
Selection of the proper technic for the individual problem will require careful
thought and meticulous execution if a satisfactory result is to be attained.
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Aseptic (Avascular) Necrosis of the
Femoral Head in Adults

WILLIAM COOPER, M.D,

INTRODUCTION

ne pEvELorMENT of orthopedic surgery in America was perhaps stinulated
Tequ:\lly by the need for correction of the severe deformities of childhood and
the treatment of serious infections of the bones and joints, especially tuberculosis.
With a decline in frequency of tuberculosis, the coptro} of other infections, and
the virtual disappearance of rachitic deformities of bone, attention was gradually
directed to other areas where the technics which had been developed could be
usetully employed. This factor, aided by the discovery of the roentgen ray, was
probably the basis for growth of interest in many new orthopedic problems such
as aseptic necvosis of the hip in adults, particularly those of nontraumatic origin.
Added to this has been the great improvement in treatment of fractures of the
temoral neck, which has revealed aseptic necrosis as perbaps the most frequent
and formidable of the complications to be dealt with.

Because of this attention, the condition has emerged from obscurity in the past
15 years to become an entity of real impoertance. Its occurrence as an expression
of medical disorders, as well as tranmatic causes, is acknowledged, and a vast
amount of study has already been directed to its cousation and pathology, as
well as its treatment.

Aseptic necrasis is a basic pathologic change in the constitution of the femoral
head which may have its origin in widely separated causes. The etiologies range
from violent traumas to influences so subtle that they often caunot be jdentified
at all. They include bolic di and changes in the pheric pressute,
and provide impressive evidence of the vuloerability of the femoral head. It
secrns astounding that from such varied origins, the sequence of pathologic events
which follow may be remarkably similar and the fnal structural alteration
almost identical. This final uniformity has in a sense been fortunate in that it has
permitted the development of more or less standard wethods of treatment.

CIRCULATION OF THE FEMORAL HEAD

The basic defect in aseptic necrosis of the hip, irrespective of the cause, is a
loss in the vascularity of the fernoral head. It seems abvious that somehow the
nature of the blood supply in this area must be directly related to its frequency
as a site of necrosis. For this reason, it has commonly been a subject for investi-
gation and controversy. Certain anatomic observations about which there is now
general agreement might be set down {Fig. 1}:

214
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(1) The principal source of blood supply is via the medial femoral circumflex
artery which on the posterior aspect of the femoral neck gives off inferior and
superior cervical branches, of which the latter arc the larger. These vessels
penctrate the capsule at the base of the neck. Some branches enter the neck
through foramina at that point, while others run on the surface of the neck
in retinaeula to reach foramina at the articular margin.

Fic. 1.~Circulation of the femoral head. The figure on the right is a posterior view, showing
the inferior and superior cervical branches of the medial femoral circumflex artery, while the
figure on the left shows the lateral femoral ewrcumflex artery with its usually small anterior
cenvical branch. The vessel in the ligamentum teres is generally small and relatis ely unimportant.

(2) The lateral femoral circumflex artery provides a smaller and less constant
anterior cervical branch which, like the posterior cervical vessels, penetrates
the capsule at its attachment with branches entering the bone and others ex-
tending along the neck of the head.

(8) The foveal arteries in the ligamentum teres can be demonstrated in a
large percentage of cases, They are relatively larger in adults than in children
but are generally not considered sufficient in themselves to maintain the
viability of more than a small apical portion of the head at most,

(4) The nutrient artery in the femoral shaft rarely in adults extends even into
the trochanteric region.

The controversy which has revolved about the relative importance of these
vessels, particularly the artery in the ligamentum teres, makes it probable that
variations do exist, It seems more likely that greater variation exists in the influ-
ences to which they are exposed. The preponderance of evidence certainly points
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to the posterior cervical vessels as the primary source of blood supply, while the
others are secondary in importance. These posterior cervical vessels extend a
considerable distance by way of the reflected capsule to reach the head, and may
be exposed to direct injury from displacements of the upper end of the femur in
fractures or dislocations, {Figs. 2 and 8). This, together with the absence of any
reliable vascular anastomosis, makes these vessels a long lifeline supporting the
viability of the head.

Fic. 2A.~Fracture of the femoral neck three months after injury, with increased density of the
head fragment which 1s presumably necrotic.

Fic. 2B.—Antenor (left) and postenor (right) views on the femoral neck, showing the probable
i ism of ption of the circul

N
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ETIOLOGY

The underlyiny factor common to all instances of aseptic necrosis is an inter-
terence with this blood supply. In fractures and dislocations of the upper end
of the femur, the basis for the interruption may be evident, but in cases without
such obvious trauma it may bs obscure. In children, the growing capital epiphysis
is known to be Jiable to influences which produce the necrotic changes of Perthes”
disease, but the adult femoral head is generally considered immune to such
influences. Actually no such immunity seems to exist, and the material on which
this report is based includes 64 cases of aspetic necrosis from causes other than
tracture of the temoral neck, 16 of them bilateral. These were encountered in a
single hospital ( Hospital for Special Surgery, New York City) over approximately
a 10 year period. The number otcurring as a complication of fracture was never-
theless even greater. A review of some of the factors which were productive of
aseptic necrosis among this group of cases merits diseussion.

Fracrure or Tee Featoran, Nock

Fracture at this site provides an obvious mechanism by which the cervical
vessels, both anterior and posterior, might be interrupted (Fig. 2). The form of
the arterial supply coming to the head via the long reflected capsule of the joint
and running either in the neck or directly on its surface makes it distinctly
subject to damage. The fate of these vessels after fracture wonld seem to depend
on the degree of displacement which had occurred. Vertical fractures from
adduction injuries allow greater displacement and greater likelihood of damage.
Horizontal or impacted fractures from abduction injuries with lesser degrees of
displacement are less prone to aseptic is. Phemister has indicated that the
necrosis 15 generally determined at the time of injury and the head will either
evitably die or not. Compere, on the other hand, suggests that accuracy of
reduction and fixation is important in preserving the blood supply. He feels that
a partially damaged circulation may be rendered completely insufficient by poor
mechanical fixation plus the minimal traumas of early weight-bearing, Experi-
mental studies with dogs are offered by bim in evidence. These observations
suggest that there may be two distinct processes, one due tp abrupt complete in-
terruption of cuculatmn with rapidly developmg necrosis, and the other a more
gradually developing process of dent perhaps on the management
of the tracture. This scems fo be borne out clinically. Some cases, such as that
shown in Fig. 2A, had advanced changes three months after fracture, while
others (Fig. BA) progressed to excellent union and function without evidence
of is, only to develop % in density and collapse one and one-half years
Iater. The incidence of aseptic necrosis following fracture of the femoral neck has
been variously estimated from IS per cent {Watson-Jones) and Jower, to 33.6 per
cent {Boyd) and more, in hips treated by internal fixation.

Distocations oF THE Fryroran Hean

As in tractures of the neck of the femur, this type of injury likewise supplies
an easily understood mechanism for interruption of the blood supply (Fig. 3),
Since the posterior cervical vessels are considered to be of greatest importance
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in maintaining the circulation of the head, posterior dislocation wosxld seem
most likely to affect its viability. This seems to be confirmed by Urist’s reports
in 49 cases of dislocation and fracturc-dislocation. In this group aseptic necrosis
developed only in the 2 cases which had been shown at operation to have gross
hemorrhage posteriorly in the retinacula and capsule. Urist believes that if
necrotic changes occur they should be evident within six to 18 months, and
states that they have not been reported to oceur five or more years later. Potts
and Obletz, on the other hand, present cases as late as two to five years after
fracture, and Armstrong cites the case of a soldier who served as a commando
following reduction of a dislocation and only five and one-half years later devel-
oped the changes of aseptic necrosis. In Armstrong’s series of 101 cases of
dislocation and tracture-dislocation, followed two to five years, only 2 showed
radiographic changes of aseptic necrosis.

On the basis of the early findings of Urist and of Armstrong, the incidence of
aseptic necrosis as a complication of simple dislocations would not seem to be
great. On the other hand, Watson-Jones suggests an incidence of 30 per cent in
recent cases with a much higher incidence in overlooked cases requiring surgical
treatment, It is still not certain whether a follow-up study of cases five to 10 years
after injury would not disclose a much higher incidence.

As in the instance of fracture of the femoral neck, it seems that a distinction
might be made between those cases in which aseptic necrosis has appeared
rapidly following injury (three to six months), and those in which the progres-
sion was much slower, requiring several years in its development. It seems
possible that there might exist sudden complete interruption of the blood supply
as well as some other more gradual process to account for its occurrence either
as an early or a late complication.

Caisson Disease

Caisson disease in divers and tunnel workers results from the absorption of
increased volumes of nitrogen in the body tissues under the influence of greater
atmospheric pressure. With too rapid reduction of this pressure, the nitrogen is
released into the tissues in the form of bubbles. In the blood stream it may pro-
duce gas emboli which can block small arteries. Tissues with high fat content,
like the bone marrow, absorb the largest amount of nitrogen and with its release
within the rigid bone structure it can damage by direct pressure on the vessels.
Whether either or both of these circulation factors are responsible, the effect
is an avascular lesion of varying extent in the bone. The femoral head, with its
rather precarious blood supply and weight-bearing stresses, is particularl,y vulner-
:I\;b)le in this process, and may develop extensive areas of necrosis (Figs. 4A and

During the recent war the writer examined for retirement
with bilateral hip disease and roentgenographic findings
necrosis. Both of these men had been test pilots and had
flying. ‘The likelihood that these lesions in the hips might have been due to

y L o A
;: nospher ;? S‘x:sz]\::‘ges Pms“:-?;,llﬂf ]:2vt.hose in caisson d.isease was considered
Yoy, ably having occurred dunng rapid ascent (Fig. -

2 air corps officers
typical of aseptic
done high altitude
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Fic. 4A —Extensive necrotic change and collapse from caisson disease in a
38 year old tunnel worker.

Fic. 4B.—Cross section of the removed femoral head. The bone is extensively necrotic and large
areas have been completely replaced by fibrous tissue. The central white and black areas contain
1o bone at all (see Fig. 9).

GaucHER'S DISEASE

As a cause of bone pathology Gaucher’s disease has only rather lately been
described (Pick, 1922). The frequency and nature of the involvement in the hip
has even more recently been set down. The disease affects the reticulo-endothelial
system into which large amounts of kerasin are deposited. The large, pale reticular
cells loaded with kerasin are called Gaucher cells. Involvement of the skeleton
is quite characteristic of the disease, and the particular susceptibility of the
femoral head, as in caisson disease is prominent.
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The onset may be generally in childhood, but in 5 adult cases rcvicw?d for
this study, no symptoms were present until after the age of 20 in 3, :md.m the
other 2 the symptoms in childhood had been relatively mild and were ascribed to
other causes, It is interesting that in both of these cases it was assumed from the
earlier history and the later deformity of the femoral head on the mem,gen film,
that the patients were presenting the late complications of an old Perthes’ disease.
Sternal puncture and the discovery of an enlarged spleen corrected the diagnosis
in one, and operative exploration established it in the other.

The rapidly proliferating Gaucher cells pack the marrow spaces, surround the
bony trabeculae, and resorb the bone, and may infiltrate and occlude the small
blood vessels, producing infarction. A picture of extensive bone resorption,
necrosis, and collapse may be produced (Figs. 5, A, B, and C).

Other generalized disorders of the reticulo-endothelial system may produce
similar destruction of the femoral head but these are less frequent and less clearly
defined than Gaucher’s disease.

RapraTion

Aseptic necrosis trom irradiation is relatively. common and numerous cases
have been reported. In sufficient dosage there may be necrosis of the bone cells
and destruction of the blood vessels. The effect of implanted radium is perhaps
even more damaging than in radiation with roentgen rays. The gamma and beta
rays from even small amounts of radium may produce profound changes in the
bone. Such alterations have generally been observed in women who have been
treated tor pelvic malignancies with radium or roentgen therapy. As in other
etiologies, the bone of the weight-bearing portion of the head becomes necrotic
and collapses. Fracture through the necrotic bone of the neck is also common
in these cases, often bilateral.

In this same etiologic category might be mentioned the effect of radioactive
substances taken orally for Hodgkin's and other diseases. It seems unlikely that
aseptic necrosis of the hip would result from this cause, but a case has even been

cited in which bilateral necrosis followed the use of a nostrum alleged to contain
radium.

SickLE CELL ANEMIA

Aseptic necrosis of the hip, indistinguishable in its roentgen appearance from
that caused by other agents, has been produced by sickle cell anemia, The
necrosis in this instance is evidently due to capillary stasis of the deformed
erythrocytes, with resulting thrombosis and infarction, The nature of the circula-
tion of the hip again produces o tendency to localization in that area.

IporPATHIC

Added to this list of more or less clearly defined etiologies is a considerable
number of instances in which the cause is unknown. %hese can be C':lled
irIiapnthic. Included in this group are those with a history of trauma but \vi;h ut
immediate evidence of fracture. Three cases, which will be discussed Iat, O'
greater detail, gave a history of direct injury to the hip of sufficient mngnie;:x(;z

to require medical attention, but no fracture could be demonstrated. Relief of
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Fic. 5B.—Gross specimen of a femoral head in Gaucher's disease, showmg complete collapse of
the subchondral bone.
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Fic. 5C.—A scction of bone packed with Gaucher cells, In this small area there are fragments
of dead and regenerating bone as well as the Ebrous remains of resorbed bone.

symptoms was quite prompt in all 3, only to be followed in a year or more by pro-
gressive aseptic necrosis. It was interesting also, that among this group of idio-
pathic cases, were 3 ballet dancers and 1 acrobat, ivhich suggests a relationship
between occupational trauma and the development of the condition. In 3 of
these 4 cases the involvement was bilateral. Leonard T. Peterson, in discussing
surgical reconstruction of the hip recently, d trated 2 cases of sp

aseptic necrosis, one in an acrobat and the other in a parachute jumper. It has
been informally stated to the author by a physician to a large circus that collapse
of the temoral head is a recognized occupational disorder among circus acrobats.
This has not been confirmed, but if correct would provide interesting evidence of
the relationship of trauma to this condition. Forced hip movements, overstretch-
ing, and jumping might produce a basis for damage to the femoral head and to
the circulation, The exaggerated rotation of the hips which ballet dancers regu-
larly practice might somehow obstruct the arteries to the femoral neck.

DIAGNOSIS

From this broad assortment of known etiologies and unknown factors emanate
the alterations in morphology by which aseptic necrosis of the hip is recognized.
Accurate early diagnosis has been made possible only through the availability
of roentgen examination, and the diagnostic criteria for this condition, as for

many bone disorders, are, for the most part, in the roentgenographic changes.
Of these the most typical are:

(1) Increase in bone density
(2) Structural weakness and collapse
(3) Detachment or separation of bone fra
dissecans
- {4) Osteo-arthritic changes in the hip joint

gments, resemblin g osteochondritis
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Fic. 6A.—Aseptic necrosis of the femoral head one and one-half years following union of a basal
fracture of the neck.

Fic 6B.—Aseptic necrosis of the femoral head in Gaucher’s disease.



ASEPTIC (AVASCULAR) NECROSIS OF FEMORAL HEAD IN ADULTS 225

Fic. 6C.—Idiopathic aseptic necrosis of the femoral head in a ballet dancer.

But these characteristics are diagnostic only for aseptic necrosis as a whole,
and provide little clue to the etiology. The late roentgen changes tend to be so
uniform that generally, soon after the onset, it is difficult to find in the roentgeno-
gram any indication of the origin of the condition, except in fractures. Figures
6A, 6B, and 6C, representing aseptic necrosis in Gaucher’s disease, healed fracture
of the femoral neck, and idiopathic origin in a ballet dancer, respectively, show
practically identical changes.

On the face of it, it might seem that these dissimilar etiologies follow invariable
courses to similar end-results, However, even a superficial study discloses that
the pathologic changes which may occur show great variation. Even in cases
with the same etiology, the histologic basis for increase in density, collapse, and
the appearance of osteochondritis dissecans is far from consistent.

HISTOLOGIC BASIS FOR THE ROENTGEN CHANGES

1t has been pointed out that the basis for an early diagnosis of aseptic neerosis
of the hip is primarily a change in the roentgenogram, reinforced in certain
instances by a clinical history or other findings which would permit us to estab-
lish the cause. The increase in density, collapse, and fragmentation are gross
changes obviously resulting from microscopic alterations in the femoral head.

The pathologic sequence of events in aseptic necrosis might be set down simply
as follows: The blood supply is interrupted, the bone dies, and the dead bone
is replaced by living bone. The mechanism of interruption of-the blood supply
has been explained in certain i in others it was noted as idiopathic or
unknown. When the femoral head is deprived of its blood supply and dies, there




226 MONOGRAPHS ON SURGERY

'.-""T

T
..

Fic, TA.—A fragment of dead bone with a large mass of lighter new bone being applied to its
surface. A row of osteoblasts can be scen along the border of the new bone. Connective tissue
surrounds the bone fragment and will resorb the dead bone.

Fic, 7TB.—A dense bar of neerotic bone with empty lacunae surrounded by fbrous tissue. Lighter
new bone, surrounded by osteoblasts, extends stalk-hke from its border on the left, and from

its tip on the right.
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Fic. 7C.—New bone is being applied to the necrotic bone throughout the section. The dead

bone can be identified by its darker stam and empty cellular spaces. The new bone is lighter

and surrounded by osteoblasts. The necrotic trabeculum seems to be in fragments which the
. new hone is attempting to unite.

is a loss of the cellular elements in the bone, and the marrow elements become
a tormless debris. The articular cartilage may survive in part or in whole, deriving
nutrition from the synovial fluid.

The mechanism by which the dead bone is replaced by living bone has been
carefully described by Phemister and others and is referred to as “creeping
substitution.” From living structures adjacent to the dead bone, such as the
capsule or neighboring portion of the neck, young connective tissue and capil-
laries grow into the necrotic marrow spaces and surround the dead trabeculae.
A simultaneous process of bone resorption and bone production s rapidly set up
about the trabeculae so that while dead bone is being removed by osteoclasts
from one surface, living bone may be applied by osteoblasts to another surface.
In this way the essential form of the bone may be retained and the dead bone
is gradually replaced by living bone. If the process is permitted to proceed un-
disturbed, complete restoration of a femoral head in its original form might be
possible. Figures 7A, B, and C illustrate this process of repair.

The variations of this basic pattern are numerous and many influences may
interfere with its regular progress and conclusion. We might consider these in
relation to some of the roentgenographic changes.

INcreasE 1v Boxe Dexsrry

On the film increased density is generally the first sign that a femoral head is
undergoing necrosis. It has been assumed that this change in the appearance of

the bone is only relative. When the bone dies it becomes a passive structure and
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like a foreign body retains its original density. From disuse, or perhaps from some
influence ot the necrotic bone, the neighboring bony structures develop osteo-
porosis and by contrast the dead head appears denser. This femoral is the first
basis for increase in density, but other factors probably come into ply to ac-
centuate it. In ischemic areas amorphous ealeium is likely to be deposited and
is occasionally seen in the medullary spaces on microscopic sections. More signif-
cant is the influence of “ereeping substitution” on the density, after the head
has become necrotic, The head may die quite abruptly but, on the other hand,
it may possibly die gradually. In cither event a new metahelism is promptly set
up in which new bone is applied to the dead bone, or perhaps, in the latter
instance, to the dying bane. 1f the bone deposition exceeds the sesorption the
trabeculae may be remodeled ints & much denser framework. Figure 7A ilus-
trates this point. It shows a smal] fragment of necrotic bone on which has quickly
been deposited a large mass of new bone which would obviously increase its
density on a film, Areas of the section in Figs. 8-11 show trabeeulae which for
the same reason are of much greater dimension than normal. The process of
resorption and repair is not uniform and the necrotic head may show irregular
defeets producing 2 mottled or even fragmented appearance.

Under the influence of weight-bearing the weakened, necrotic trabeculae gen-
erally give way and the head collapses, as will be pointed out later, The structutal
content of the head is then compressed into a smaller yolume and becomes
obviously and irregularly denser. Defects in the articular surface are often seen
on histologic sections and may represent escape valves to permit the easier
collapse of the head, Freund and others have pointed out bone dust or detritus
in the medullary spaces, postulating that the neerotic trabeculae have been frac
tured, and then by friction ground into dust. Often, perhaps, it is the patholo-
gist's knife or the technician’s microtome which creates the bone dust observed
on the slide.

These are tactors which may accentunte the relative increase in depsity of the
necrotic head. The density of the head shown in Fig. § is both relative and
actual and is probably due to all the causes which have been presented.

CoLLAPSE

This second gross characteristic of aseptic necrosis in the femoral head oceurs
obviously from structural weakness, It is in every case a complication of mechani-
cal stress to which the head has been subjected, generally in weight-bearing.
Examination of histologic sections again shows a considerable variation in the
basis for this weakness. Most commonly it would seem to be the eonsequence
of multiple fractuses through necrotic trabeculac made slender by resorption,
The sections in Figs. 10 and 11 both show areas in which the trabeculae are thin
and often spider-like, many of them fragmented. Another basis for collapse is
evident in Fig. 9, which is & case of caisson disease. There has been infarction
with complete resorption of an extensive area of bone structure and replacerment
with 8ibrous tissne which has coiapsed. Figure 10 illustrates still another situa-
tion. This case, assumed to be a fissure fracture, shows large plates of prolifer-
ating cartilage iu the substance of the head, with loss of its structural mtcgmy
and collapse. Planes of fibrous tissne may similarly Tttt
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Fic. 8.~Increase in density of this necrotic head seemed both relative and actual when com-
pared with the normal hip. The sharply outlined fi suggests hondritis di
(see Fig. 11),

Fic. 9.~Cross section of resected femoral head in caisson disease (see Fig. 4), showing the

effects of infarction with massive areas of bone resorption and fbrous tissue replacement. Most

of the bone is dead and fragmented. The bony trabeculae in the lower portion of the section

have been remodeled and are much larger than average in size and would appear denser on
the roentgen flm.
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Fie, 10.—~The UPper portion of this necrotic head is separated from the lower portion by a
complete band of pro]ifemtinf cartilage. Extension of the cartilage into the adjacent bone is
hin and fragmented, while some of the trabecuhe are thickened

(Case 1, Fig, 14).

visible. Much of the bone is |

Fr6. 11.~Gross section of resected femoral head (case shown in Fig. 8). Extensive necrosis of

the upper portion of the femoral head 1s evident, The trabeculae are thin and fragmented in

some areas, while in others they are thickened. A dense Sbrous band, evidently the site of frac.

ture through the weakened trabeculae, separates the [mete necrotic upper portion from the lower

area where much of the dead bone has been resorhed. The UPper portion appears as a dead
fragment on the roentgen film. The articular cartilage is fair, ly well preserved.
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the head, generally forming along fracture lines through the necrotic tra'beculac
or at the junction of necrotic bone at the apex of the head and an ndvancmg zone
ot creeping substitution (Fig. 11). In Gaucher's discase extensive resorption of
necrotic bone may produce collapse. Bone replacement does occur, but often
50 slowly that there are areas which present only the fibrous framework of the
bone.

OSTEOCHONDRITIS DISSECANS

The third roentgen characteristic has been referred to as the appearance of
osteochondritis dissecans. A diagnosis of osteochondritis dissecans in the femoral
head is made with fair frequency when actually true osteochondritis dissecans
probably occurs only rarely. The term should be restricted to a condition where
there is a small circumseribed area of necrotic bone at the articular surface separ-
ated by connective tissue or fibrocartilage from an otherwise viable head. When
the diagnosis is made roentgenographically, further investigation generally proves
that the adjacent portion of the head is also necrotic. Figure 8 illustrates such an
instance of a necrotic body in a necrotic head. This picture of a sharply defined
necrotic ossicle is prabably generally the result of a fracture through the necrotic
trabeculae from pressure against the rim of the acetabulum, separating a small |

gl of the subchondral bone. Occasionally the fracture may be at the junc-
tion between necrotic and recently formed living bone. The fractured fragment
is separated from the rest of the head by connective tissue and with continued
weight-bearing this ive tissue zone b more mature (Fig. 11 shows
such a zone). Continued motion from walking may establish the equivalent of
a nonunion between the fragment and the head. Occasionally a proliferating
plate of fibrocartilage originating perhaps in a fissure fracture may sharply
demarcate a fragment from the dead head and will resemble osteochondritis
dissecans on the film (Figs. 10 and 14).

Not uncommonly on the articular surface of a reorganizing necrotic head, a
cup-shaped defect will be seen roentgenographically. This is generally at the
fovea, and is presumably from revascularization and resorption by the foveal
vessels, In this defect new bone may be laid down while the rest of the head is
still necrotic. This produces a picture of osteochondritis dissecans on the film
but is pathologically the reverse of that condition in that there is a living ossicle
in a dead head, rather than a dead ossicle in a living head. This is not an uncom-
mon finding in Perthes’ disease. Occasionally a necrotic ossicle may represent
the last fragment in a reorganizing head. )

OSTEO-ARTHRITIS

The fourth and least characteristic roentgenographic change is osteo-arthritis
It results largely from the incongruity of the articular surface which results fron;
collapse of the head. Of course, if the cartilage as well as the head has become
necrotic as a primary result of loss of vascularity, then osteo-arthritis, like the
necrosis itself, would be a primary process. In many of our specimens ’however
the cartilage was surprisingly well preserved, even when some colla, se of th’
head had occurred. Figure 12 shows the irregular contour of the headpin a case
of caisson disease with collapse. The articular cartilage lies in folds on th:
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irregular head and osteo-arthritis is inevitable. Figure 10 also shows the infold-
ings of the articular surface.

In this context we might mention the frequent cases of unexplained severe
osteo-arthritis of the hips, especially those which are unilateral. It seems likely
that these generally represent an aseptic necrosis in which the arthritic change
overshadows the other characteristics. These hips, frequently with areas of re-
sorption in the subchondral region on the roentgen lm, on pathologic examina-
tion are olten shown to have extensive areas of aseptic necrosis.

Fic. 12 —Femoral head m caisson discase. The surface 15 wrregular and the degenerated articular
cartilage lies in folds on the surface.

DISCUSSION

Necrosis of the femora] head is probably never absolutely sudden and com-
plete. Even in the most abrupt and complete interruption of the circulation some
elements of the head must die before others, even though all may die quickly. But
in some instances the interruption of the circulation seems gradual and the process
of necrosis is greatly extended. In the cases which served as the basis for this
review, the evolution of aseptic necrosis of the hip seemed to follow two general
patterns (Fig. 18), one representing abrupt interruption in the blood supply fo
the head, resulting in rapid and extensive necrosis, while the other was a more
gradual process which originated perhaps within the head and produced 2
slowly advancing necrosis. In the latter instance it appeared to progress almost
like a tumor, from its own pathologic to involve gradually the entire
structure of the head.

It must be pointed out that the changes which developed rapidly, and _those
which progressed slowly all ultimately presented the same gross characteristics.
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The more rapid process would apply to fractures of the femoral neck in wl.\ich
the entire circulation might be suddenly interrupted (Fig. 2), or to dislocations
with the same vascular damage (Fig. 8). In caisson disease, the effect of libera-
tion of large volumes of nitrogen in the rigid structure of the head and neck of
the femur might also completely occlude the vessels as effectively as if they were
ruptured.

A B

Fic. 13.—Patterns in development of aseptic necrosis of the hip. (A) indicates the result of
sudden complete interruption of the blood supply to the head, while {B) shows a slowly pro-
gressn e necrosis which seems to originate within the head.

In Gaucher's disease, on the other hand, this process of occlusion may advance
much more slowly. More typical, however, of the second group were those which
developed in fractures of the femoral neck, long after union (Fig. 6A), or in
dislocations of the hip which developed changes several years later, It seems also
to apply to those cases which have been referred to as idiopathic. These included
the 8 ballet dancers and the acrobat, with presumed traumas of undetermined
nature,

Three patients, already referred to, gave a history of rather severe direct
trauma to the hip but without immediate roentgen evidence of fracture. All of
these patients have been followed for some-years and their histories seem of
sufficient interest to be presented in some detail.
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Case 1. Female, aged 58, was Brst seen 18 months after injuring her Jeft hip in a fall. Because
of severe pain she had heen hospitalized elsewhere for some weeks after injury. Weight-hearing
was_gradually resumed and she was able to get about quite readily with moderate pain in
the hip arca. The pain gradually increased in degree until at the time she was first seen by us,
18 months after injury, she was able to walk only two blocks with considerable discomfort
and an obvious limp, E: disclosed markedly icted and painful motion of the
hip. Rocntgenograms (Fig. 14A) showed a depressed fragment of femoral head, obviowsly
denser than the balance of the head, interpreted as a neerotie, ununited, subchondral fracture
of the head with sccondnry nstca-nrthrms

d shortly after the patient was first seen, using a
vitalliom cap (Fig, 23). This pmvxd(-d improved motion and cxcellent relief from her pain.
Two and a half years after operation the result is still excellent.

The operation supplied for study the entire femoral head, cross sections of which are shown
m Figs. 10A and 14B. This cross sechion ¢ pended to the and rescaled an
irtegular, wedge-shaped, sohd f; of bone sep 1 from the neck by an irregular plate
of cartilage which spanned the entire width of the bone. The structure of the neck was friahle
and obviously also abnormal. Scveral islands of cartilage were evident in the bone structure
in addition to the Lurge plate.

Microseopic section (Fig. 10) disclosed the wedge-shaped fragment at the apex of the
head to be composed of necrotic bone and necrotic connective tissue. The layer of cartilage
which separated this fragment from the neck was a mixture of hyaline and fibrocartifage, some
of it proliferating actively. The bonc of the neck was akso Jargely necrotic, Irregular areas of
cartilage were present in the subchondral bone and in the neck, These were all continuous
with the thick cartilagenous band. The articular cartilage had almost entirely disappeared.

The gencral pathologic diagnosis was fracture of the femoral head with chondrification and
cartilage proliferation at the fracture site.

Case 2. Male, aged 33, admitted to the hospital with pain in the left hip of several months®
duration. It was moderate in degree and had come on rather suddenly, Ten years previously
he recalled a direct injury to the hip in a fall. He was disabled for several days at that time,
but made a plete recovery. films disclosed a fairly regular zone of diminished
density in the center of the neck, surrounded by an area of slightly increased density. The
form and structure of lhc hcad D(hcr\VlSc sc(mcd normai (Fig. 15A) Thc possibihity of an
osteosd osteoma, or was and the’ patient
was admitted for bmpﬁy Tl|mugh a window in the neck overlying the l('\mn some hony
tissue was removed for study.

Microscopic examination of the removed matenal disclosed fragments of nvcmhc bane in
a mass of fibrous tissue, with some new bone deposition on the old trabeculae adding to their
thickness  Adjacent to the bone was an uncien area of cellular fibrocartilage. The picture was
that of regcv\,cmling necrotic bone. At first glance the presence of probiferating cartilage had

dadi : hond

ggosted a of X
Followis the patient d to have pain in the hip, gradually increasing in
degree with p i of motion. R made one year after operation

showed mottled increase in density of the fomoral head with slight irregulanty (Fig. 15B).
In anather year the picture of aseptic necrosis was complete, with marked increase in density,
collapse, and demarcation of a bony fragment at the articular surface (Fig. 15C). At that
point, 1 view of the old history of injury, a diagnosis of subchondral fracture with ascptic
necrosis was made.

Case 3. Female, aged 50, employed as a hospital attendant. She slipped while at work and
sustained a direct injury to the hip There was considerable immediate pain, but roentgen
Blms of the ip were negative for fracture The pain largely subsided and she was able to
continue with her regular dutics. Some months later the pain increased in degree but was not
incapacitating. One year after injury rocntgenograms for the first time disclosed abnormality.
This was in the form of inercase in dersity, collapse, and separation of a fragment from the
evidently necrotic head {Fig. 16). The patient has declined surgical treatment and chooses
to maintain a nonweight-bearing regime in the hope of some reconstitution of the head.



Fic. 14A.~Case 1: extensire necrosis of the femoral head with what appears to be a depressed
fracture fragment.

F T S, MU

5;5{1145»—(3!’055 section through the removed head, showing an irregular transverse band of
Hlage. Extensions of the cartilage mto the adjacent bone cannot easily be seen in this
mhotnaranh {cpo Fie 10Y
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Case 1. Female, aged 58, was first scen 18 months after injuring her left hip in a fall. Because
of severe pain she had been hospitalized elsewhere for some weeks after injury. Weight-hearing
was gradually resumed and she was able to get about quite readily with moderate pain in
the hip arca. The pain gredually increased in degree until at the time she was first seen by us,
18 months after injury, she was able to walk only two blocks with considerable discomfort
and an obvious limp. Examination discl icted and painful motion of the
hip. Roentgenograms (Fig. 14A) showed a dcprcsscd fragment of femoral head, obviously
denser than the balance of the head, interpreted as a necrotic, ununited, subchondral fracturc
of the head with sccondary osteo-arthritis,

A trochanteric arthroplasty was performed shortly after the patient was first seen, using a
vitalum eap (Fig. 23). This provided improted motion and excellent relicf from her pain.
Two and a half years after operation the result is still excellent.

The operation supphied for study the entire femoral head, cross sections of which are shown
m Figs. 10A and 14B. This cross section ponded to the 5 and revealed an
irregular, wedge-shapcd, solid fragment of hone separated from the neck by an irregular plate
of cartilage which spanned the entire width of the bone. The structure of the neck was friable
and obviously also abnormal. Several islands of cartilage werc cvident m the hone structure
in addition to the large plate.

Microscopie section (Fig. 10) disclosed the wedge-shaped fragment at the apex of the
head to be composed of necrotic bone and necrotic connective tissue, The Jayer of cartilage
which separated this fragment from the meck was a mixture of hyaline and fibrocartilage, some
of it proliferating actively The bone of the neck was also largely necrotic. Irregular areas of
cartilage were present in the subchondral bone and in the neck. These were all continuous
with the thick cartilagenous band. The articular cartilage had almost entirely disappeared.

The gencral pathologic diagnosis was fracture of the femoral head with chondrification and
cartilage proliferation at the fracture site.

Case 2. Male, aged 83, admitted to the hospital with pain in the left hip of several months’
duration. It was moderate in degrec and had come on rather suddenly. Ten years previously
he recalled a direct injury to the hip in a fall. He was disabled for several days at that time,
but made a complete recovery. Roentgen films disclosed a fairly regular zone of diminished
density in the center of the neck, surrounded by an area of slightly increased density. The
form and structure of the head otherwise seemed normal (an 154). The possibility of an
ostemd osteoma, eosil or as id and the patient
was admitted for biopsy. Through a window in the neck overlymg the Icsmn some bony
tissue was removed for study.

Microscapic cxamination of the removed material disclosed fragments of neerotic bono in
a mass of fibrous tissue, with some new bone deposition on the old trabeculac adding to their
thickness Adjacent to the bone was an uneven area of cellnlar fibrocartilage. The picture was
that of regenerating necrotic bone. At first glance the presence of proliferating cartlage had

12 di of chond

Foll

o the paticnt inucd to have pain in the hip, gradually increasmg in
degree with p i iction of metion. made one year after operation
showed mottled increase in density of the femoral head with slight irregularity (Fig. 15B).
In another year the picture of aseptic necrosis was complete, with marked increase in density,
collapse, and demarcation of a bony fragment at the articular surface (Frg. 15C). At that
point, in view of the old history of injury, a diagnosis of subchondral fracture with aseptic
necrosis was made,

Case 3. Female, aged 50, employcd as a hospital attendant. She shpped while at work and
sustained a direct injury to the hip. There was considerable ymmediate pain, but roentgen
films of the hip were negative for fracture. The pain largely subsided and she was able to
continue with her regular duties. Same months later the pain increased in degree but was not
incapacitating, One year after mjury roentgenogeams for the first time disclosed abnormahity.
This was in the form of increase in dersity, collapse, and separation of a fragment from the
evidently necrotic head (Fig. 16). The paticnt has declined surgical treatment and chooses
to maintain a nonweight-bearing regime in the hope of some reconstitution of the head.
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Fic. 15B.—Case 2: 15 months after the onset of symptoms. Note the increased density and
beginning collapse ug the head.

Fic. 15C.—~Case 2: Two years after the onset of symptoms. There is advanced aseptic necrosis
with collapse and d ofa 1 necrotic
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Fic. 15A.—Case 2: Three months after the onset of pain. Normal form except for a circular
area of duminished density in the center of the neck.

The histories in these 3 cases seem to indi that the development of the
change in the femoral head was initiated by a direct trauma to the hip without
gross evidence of fracture. The possibility of contusion or fissure fracture through
the articular surface is certainly suggested as possibly initiating the sequence of
events which followed. J. A. Key’s discussion on contusion of the articular cartilage
suggests the significance of this type of injury in the production of painful joint
pathology. In his cases, however, the effect was evidently assumed to be largely
confined to the cartilage, and removal of the damaged area produced relief.

Much more significant in relation to aseptic necrosis of the femoral head are
the observations of Shigeo Nagura, a Japanese investigator. He reports in great
detail a research study into the production of aseptic necrosis in Perthes” disease.
He assumed that aseptic necrosis may in some instances represent a complication
of the normal process of repair following relatively minor injuries. On the basis
of this assumption, he produced minor defects in the femoral heads of rabbits by
multiple punctures through the articular cartilage with a scalpel. Examination
of the femoral heads at various intervals disclosed the progressive develop-
ment of extensive necrotic changes from these minor injuries. Necrosis occurred,
however, only if weight-bearing was permitted. His interpretation of the sequence
of events which he observed was ingenious. He pointed out that the narrow clefts
which he created rapidly filled in with young connective tissue. Fibrocartilage
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soon formed in the connective tissue. Left undisturbed, the cartilage would be
transformed into normal bone by enchondral ossification. Instead, under the
influence of weight-bearing, this young cartilage was stimulated to proliferate
actively and even aggressively, actually producing secondary defects and iavad-
ing the adjacent bone until the structure of the head became so weakened by the
proliferating cartilaginous plates that it collapsed. Arcas of bone were isolated
by this process and became necrotic until the whole head was destroyed. Figure
17 is a diagrammatic representation of the process.

Nagura later extended his explanation to apply to forms of bone necrosis other
than Perthes’ disease, and was able to produce the same effects with dull traumas
as well as with sharply localized injuries. So convinced was this investigator that
he declared dogmatically that all other theories were incorrect, “The cause of
aseptic necrosis of bone is found in traumas which sever the continuity of the
subchondral bone, followed by cartilaginous proliferation into the spongiosa.”

The 3 cases reported above offer some support of Nagura’s theory. Most sig-
nificant is the nature of the initial trauma in all 3 cases and the slow development
of clinical evidence of nccrosis. In 2 of the cases the necrotic bone was examined
and contained areas of cartilage. This was particularly true in Case 1 where the
pathologic section disclosed extensive areas of proliferating cartilage throughout

- the bony structure of the head, intermingled with large areas of necrosis of bone
(Fig. 10). The section closely resembles some of the illustrations in Nagura's
own work (Fig. 18).

—An illustration from one of Nagura’s papers. The eartilaginous zone (AZ), extending
¢ articular surface into the necrotic bone, 1s stmlar to the zone in Fig. 10. (AZ indjcates
Ab or zone of d i
{ Zentralbl £ Chir 1938 )

Fia. 18.
from th,
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o

Frc, 16.-Case_3: Ope year after direct injury to the hip without evident fracture. There is
advanced aseptic necrosis with collapse.

e o . -

L — - _— - SR

Fic. 17.-Diagram of progression of aseptic necrosis following an osteochondral fracture
(Nagura). The last stage resembles the findings in Case 1 (Figs. 10 and 14).
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soon formed in the conncetive tissue. Left undisturbed, the cartilage would be
transformed into normal bone by enchiondral ossification. Instead, under the
influence of weight-bearing, this young cartilage was stimulated to proliferate
actively and even aggressively, actually producing secondary defects and invad-
ing the adjacent bone until the structure of the head became so weakened by the
proliferating cartilaginous plates that it collapsed. Areas of bone were isolated
by this process and became neerotic until the whole head was destroyed. Figure
17 is a diagrammatic representation of the process.

Nagura later extended his eaplanation to apply to forms of bone necrosis other
than Perthes’ disease, and was able to produce the same effects with dull traumas
as well as with sharply localized injuries. So convinced was this investigator that
he declared dogmatically that all other theories were incorrect, “The cause of
aseptic necrosis of bone is found in traumas which sever the continuity of the
subchondral bone, followed by cartilaginous proliferation into the spongiosa.”

The 3 cases reported above offer some support of Nagura’s theory. Most sig-
nificant is the nature of the initial trauma in all 8 cases and the slow development
of clinical evidence of necrosis. In 2 of the cases the necrotic bone was examined
and contained areas of cartilage. This was particularly true in Case 1 where the
pathologic section disclosed extensive areas of proliferating cartilage throughout

- the bony structure of the head, intermingled with large areas of necrosis of bone
(Fig. 10). The section closely resembles some of the illustrations in Nagura's
own work (Fig, 18).

.
.\‘ : ,i./-)
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—An. illustration fr‘om one of Nagura’s papers. The cartilaginous zone (AZ), extending
e articular surface 1250 the necrotic bone, is sumilar to the zone in Fig. 10. (AZ indicates

or zone of d
(Zentralbl. f. Chir., 1938.)

oa
Fre. 18..
from th




240 MONOGRAPHS ON SURGERY

The validity of Nagura’s observations has not, to our knowledge, yet been
contirmed. Also, it is certain that aseptic necrosis of bone in experimental
animals develops more readily than in humans. He does make some observations
on adult human bone and if his conclusions are correct, even in part, they offer
a basis for the understanding of many cases of aseptic necrosis of bone, espe-
cially in the temoral head. We might also consider, in relationship to this theory,
dislocations of the head of the femur with fissure fractures produced by impac-
tion against the rim of the acetabulum (Fig. 8), and perhaps even some fractures
of the temoral neck with slowly developing necrosis.

Betore discussing the question of treatment we might restate our premise that
aseptic necrosis is a basic alteration in the organization of the femoral head. It
may originate trom totally different causes but proceeds in various ways to
essentially the same structura] end-result. It is this final form and the mechanical
symptoms which it produces which we are called on to treat, more than the
etiology which may have initiated the changes. Roentgenograms of 8 cases of
aseptic necrosis representing substantially different etiologies are shown to-
gether to demonstrate their uniform structural character (Figs. 19A to H).

TREATMENT

The gross alterations in the form of the femoral head after collapse has occurred
are irreversible and, in general, incompatible with free or painless function.
Severe degrees of osteo-arthritis are an inevitable consequence, and the patient
eventually requires relief. If the aseptic necrosis had been identified before
collapse then it might have been plausible to eliminate weight-bearing. in the
hope that creeping substitution would restore the head. This is a rare opportunity
because the first symptoms, except in fractures, are often the result of collapse.
There is moreover a real question as to how often the adult femoral head is
capable of complete restoration, and the practical problem of how long it would
require. In fractures of the femoral neck with aseptic necrosis, omission of
weight-bearing may allow a necrotic head to go on to union without collapse.
Here again, what dependable criteria are there for adequate structural repair
of the head? Phemister suggests long periods of nonweight-bearing, but for
security how many years should this be? It seems rare for a necrotic adult femoral
head not to go on to ultimate collapse, particularly after fracture, even if the
outlook for a time appears favorable. This has been the rule in our cases.

In dislocations of the hip the possibility of aseptic necrosis is generally recog-
nized, even though it seems that the incidence is not as great as had previously
been supposed. It has been the practice of many surgeons to defer weight-bearing
on the affected hip for six to 12 months. This might be of substantial help in
permitting repair of a fissure fracture, but if there has been actual disruption
of the arterial supply this period of time would seem completely inadequate. In
dislocation of the hip we have found no early guides to whether necrosis will or
will not oceur, and in simple dislocations where necrosis is infrequent, it seems
unreasonable to forbid weight-bearing prophylactically for more than six months.

With the collapse of the head and increasing osteo-arthritis, pain and limitation
of motion generally become severe. The degree of disability may be great, and



ASEPTIC {AVASCULAR) NECROSIS OF FEMORAL HEAD IN ADULTS 241

Fic. 19B.~Female, aged 32; idiopathie (ballet dancer).
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Fic. 19C.—Female, aged 22; healed fracture of the neck.

Fic. 19D.—Female, aged 58; fissure fracture of the head.
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Fic. 19F.—Male, aged 34; caisson disease.
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Fic. 19H.-Male, aged 30; Gaucher's discase.
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if relief is to be provided drastic measures are required. Of course, the patient
may prefer to employ crutches and through their usc, continuously or inter-
mittently, procure sufficient comfort to satisfy his wants. Most patients, however,
demand greater frecdom and prefer to walk u bered. To plish this
end various surgical measures have been resorted to. Those which have been
employed in the cases which have been the basis for this discussion will be
illustrated. The technics are standard and will not be discussed in detail.

NEuRECTOMY

Rescction of the articular branches of the obturator and sciatic nerves to the
hip has been performed alone and in conjunction with acetabuloplasty. The
relief which has been afforded in a small series was discouraging. Only one case
was provided with substantial henefit.

ARTIIRODESIS

Arthrodesis offers a reliable measure for the complete relief of symptoms in
unilateral cases. The loss of motion is a disadvantage, but it affects the gait
surprisingly little and in working men offers a strong dependable extremity.
Figure 20 illustrates a case of a laborer who has resumed his regular work with
little limitation following this procedure.

Fic. 20.—Arthrodesis of the hip, intra-articular and extra-articular, employing 2 Smith-Petersen
nail to maintain position. The nail was removed when union was complete.
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ABTHROPLASTY

Vitallium cap arthroplasty of the femoral head was employed in a considerable
number of these patients. Many of the results were excellent but many were not
satisfactory. Our estimate would correspond on the whole to the findings at the
Mayo Clinic and those of others in which only approximately 50 per cent of
results were considered satisfactory. The case illustrated had a particularly fa-
vorable outcome with relief of pain and excellent motion (Fig. 21).

Fic. 21—Vitallium eap arthroplasty of the femoral head. Recently nylon caps have been
used at the Hospital for Special Surgery in place of vitallium.

The Colonna operation performed in a few younger cases provided satisfactory
results (Fig. 22).

More recently, this procedure has been modified by Philip D. Wilson and a
vitallium or nylon cap has been placed over the trochanter following resection
of the head and neck. A substantial portion of the trochanter including the gluteal
attachments is transplanted downward (Fig. 23). This method was employed in
20 of these cases including 2 cases of Gaucher’s disease.

The procedure has generally proved more satisfactory than the arthroplasties
of the head. It has permitted more substantial removal of the pathology, and the
percentage of relief of symptoms has been high. One of the cases of Gaucher’s
disease so treated was seen recently, five years after operation. He was getting
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about frecly without pain, and the result was obviously satisfactory. A good
range of motion was preserved in the bip (Fig, 23).

Hip arthroplasty utilizing a prosthetic head has been employed over the past
few years. At the Hospital for Special Surgery the acrylic head devised by Judet
has been used. In this method the head of the femur is cleanly removed and the
stem of the mushroom-like prosthetic head is introduced into a channel in the
neck prepared by a special borer. When ¥, the bulum is deepened

Fre. 22.~Colonna operation. The head and neck have been removed and the trochanter
d f The h

placed into the acctabulum which may be d e f th
abductor muscles has been transplanted o e

d distally to maintain its tension.

Following this procedure the patients may be ambulatory without support in
several weeks. The operation is easy to perform and the early functional results
have been encouraging. Time is required to determine the durability of the
results and whether the mechanical demands of this foreign head on the bone
structure can be withstood (Fig. 24).

Other procedures have been devised for this condition, directed at repair of
t'he damaged bone or restoration of the circulation, With these we have had
little experience. The mechanical requirements of the situation seem to impl
the need for major reconstruction of the hip joint or arthrodesis, and it js unlikely
that more conservative measures will generally provide much relief.
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Vitallium cap arthroplasty of the femoral head was employed in a considerable
number of these patients. Many of the results were excellent but many were not
satisfactory. Our estimate would correspond on the whole to the findings at the
Mayo Clinic and those of others in which only approximately 50 per cent of
results were considered satisfactory. The case illustrated had a particularly fa-
vorable outcome with relief of pain and excellent motion (Fig. 21).

Fie. 21.—Vitallium cap arthroplasty of the femoral head. Recently nylon caps have been
used at the Hospital for Special Surgery in place of vitallium.

The Colonna operation performed in a few younger cases provided satisfactory
results (Fig. 22).

More recently, this procedure has been modified by Philip D. Wilson and a
vitallium or nylon cap has been placed over the trochanter following resection
of the head and neck. A substantial portion of the trochanter including the gluteal
attachments is transpl d d d (Fig. 23). This method was employed in
20 of these cases including 2 cases of Gaucher’s disease. .

The procedure has generally proved more satisfactory than the arthroplasties
of the head. It has permitted more substantial removal of the pathology, and th,e

of relief of symp has been high. One of the cases of Gauch?rs
:lisease so treated was seen recently, five years after operation. He was getting
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Fic. 24.—Acrylic replacement of the femoral head.
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Arthroplasty

ROBERT A, KNIGHT, M.D.

INTRODUCTION

ostLizaTiox of the stiffened joint has been one of the most intriguing prob-

lems of bone and joint surgery for the past century. It has been, and still is,
one of the more difficult operative procedures. The relative number of suitable
cases available has been far less than for the majority of other bone and joint
procedures, the obstacles to be overcome greater, and, in general, the results
have been more discouraging, Thus, it is a surgical procedure which has never
met popular acclaim until recent years, its use having been confined to a few
large clinics and to relatively few master surgeons. Even at the present time, it is
a sufficiently difficult procedure and unsatisfactory results and failures occur
frequently, so that it should be employed only by those surgeons well grounded
in the selection of cases for operation as well as in the actual operative technic
and postoperative care. It must be stressed that the most successful operative
procedure will fail unless detailed and prolonged after-care is given, for the
operation itself is only one episode in the over-all picture.

The successfully mobilized joint must have stability, endurance, and relative
freedom from pain as well as a satisfactory range of motion. In a joint resection,
motion is gained by wide removal of bone at the expense of stability and joint
control, thereby differing fundamentally from a true arthroplasty. Stability is
more essential to a joint than motion, particularly in a weight-bearing joint, and

1:t is because of this feature that arthroplasty has survived and resection has fallen
into disuse. Lo

HISTORY

In 1826, J. Rhea Barton of Philadelphia reported a case in which a cervico-
trochanteric osteotory was performed for ankylosis of the hip joint; repeated
manipulations were carried out to prevent reankylosis, Despite these manipula-
tions, however, the ankylosis recurred after two years. In 1840, Rodgers of New
Y‘”!‘ performed a similar procedure in the intertrock ic region but excised
a dl.sk of bone at the same time; the end-result was said to be excellent. The
earliest case in which a true resection or excision of a joint for ankylosis was
performed was that of Textor who, in 1843, reported the successful mobilization
?f an ankylosed elbow. Ferguson, Czerny, Sayre, and Delfontaine reported cases
in which a similar procedure was performed, while Dartignes, in 1900, described

a trochlear type of osteotomy in which the joint surfaces were resected but their
form Ppreserved.
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All of the above-mentioned methods have been discarded, with the exception
of the metal mold arthroplastic procedurc of Smith-Petersen and the use of a
“cartilage cup” for reconstruction of the hip, particularly following certain com-
plications of fracturcs of the neck of the femur, as described and advocated by
J- R. Moore. The latter, however, is not a true arthroplastic procedure and will
not be considered in this section. The status of nylon as an interposing membrane
cannot be settled at this time,

To the late John B. Murphy of Chicago must go the credit for the development
of the fascial flap method which is the foundation of the modern arthroplastic
measures in the knee, elbow, and metacarpophalangeal joints. The essential
feature of his operation, introduced in 1902, is the insertion of a pedicled flap of
fatty tissue and fascia taken from the vicinity of the operated joint. Murphy be-
lieved that the transplant received nourishment through the pedicle and insisted
on the inclusion of a considerable quantity of fatty tissue, reasoning that the fat
aids in laying the foundation of the new joint by the formation of a hygromatous
bursa, It is of interest to note that Albee, as late as 1933, stressed the importance
of utilizing fat as well as fascia, reasoning, as did Lexer, that the fat exerts a
hemostatic influence on bone as well as helping to fill the newly formed joint so
completely that a postoperative hemarthrosis cannot develop.

Kirschner, in 1909, advocated the trial of free fascial grafts in joints mobiliza-
tion, and in 1910, at his suggestion, Payr performed an arthroplasty of the knee
using a free graft of fascia. Shortly thereafter, Putti, Rehn, Ritter, and the Mac-
Auslands adopted this method. Putti, Campbell, the MacAuslands, and Hender-
son, though contributing no truly original features to the operation, performed
large numbers of the procedure in the various joints, greatly improving and
refining the operative technic, and defining the indications and contraindications.
These men are to a large extent responsible for the present-day stature of the
procedure. Smith-Petersen, through his fundamental work on a metal mold, has
revolutionized the procedure of arthroplasty of the hip, extending its feld of
indications and emphasizing the occasional necessity for later revision of an
ar_throp]as(y where initial motion is gradually lost; revision is particularly in-
dicated where the procedure has been performed for atrophic or rheumatoid
art‘hritis. Alexander Gibson, of Winnipeg, has modified Smith-Petersen’s method.
utilizing a variant of the Kocher approach and attacking only the femoral head in
cases where the acetabulum is preserved. Since Gibson described his method

in 1948, the long-term results are not yet available, though at present Gibson's
results are most encouraging.

INDICATIONS AND CONTRAINDICATIONS FOR ARTHROPLASTY

In general, arthroplasty is indicated only in the hip, knee, temporomandibular,
?ll.)ew, and metacarpophalangeal joints. Elsewhere, the a ic make-up of the
{zmts is suc.h that good results are not ordinarily obtained and, more important,
ﬁ;:ﬁ:f {ntfhon in these joints is so satisfactorily compensated by adjacent fune-
- an%]]mfnts th?t ankylosis in good position is to be preferred. As an example,
o, e fused l'n.good weight-bearing position, compensated by midtarsal and

ometatarsal joint motion, results in far less disabilify than an arthroplasty
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As the method of joint mobilization gradually evolved, the desirability of inter-
posing some material between the bone ends and the importance of stability of
the mobilized joint became evident. Modern arthroplastic methods, then, can be
said to differ from the earlier procedures in the use of an interposing substance
between the bone ends and in the more exact remodeling of the joint ends.

The materials used for joint interposition have been of three types: foreign
heterogenous substances, both absorbable and nonabsorbable, animal membranes,
and materials of human source. To the first type belong wood, various types of
metal, celluloid, ivory, rubber, gutta-percha, and temporary packings of gauze
and nylon. Collodion and decalcified bone were also used. With the exception of
nylon and metal, all of these substances failed. Kuhn has recently reported the
successful use of nylon in arthroplasty of the knee. The mold arthroplasty, em-
ploying 2 cup of vitallium, was evolved in 1937 by Smith-Petersen, This method
has revolutionized the procedure for mobilizing the hip joint and will be dis-
cussed in detail later in this section.

Foderl in 1895 reported the use of animal membrane and walls of ovarian
cysts as interposing materials, but suppuration developed with recurrence of
ankylosis in these cases. In 1918, Diel reported a case in which a flap of reindeer
tendon and the epiploon of a rabbit were used successfully, but it was not until
Baer devised his method of using chromicized pig's bladder that animal mem-
branes were used with enthusiasm. This method, like its predecessors, has also
fallen into disuse.

In 1863, Verneuil suggested the possibility of interposing soft parts of
autogenous origin in an attempt to obviate the risk of sepsis and extrusion of the
material from the joint. Rochet covered the ends of the resected bones with
periosteal flaps, reporting this method in 1896, and later Hofmann and Grierfen-
hagen reparted cases in which this method was used successfully. Payr and von
Frisch, however, were unsuccessful with this method, and the use of periosteum
was gradually discontinued. Joint cartilage was tried to some extent, with numer-
ous successful results, especially those of Tuffier, Jacob, Weglowski, Klapp,
Deutschlander, and Mauclaire. Judet, in 1908, reported his experimental work
on the transplantation of cartilage, concluding that joint castilage, when it was
separated from an organism and reapplied to a properly selected and prepared
structure, could unite and continue to live, It was evident to him that a purely
cartilaginous fragment united with difficulty, but when it was reinforced with
a layer of hone, union followed in the majority of cases. The fundamental im-
portance of Judet's work was not appreciated until recently when J. B. Moore
introduced his “cartilage-cup arthroplasty.” The behavior of the cartilage cup
fully substantiates Judet's conclusions. Del iére, in 1917, Tuded frf)m a
study of free cartilage grafts that a stable joint could not be obtained by their use
and the interposition of cartilage grafts was gradually abandoned.

Transplants of skin, muscle flaps, and muscle grafts have also been utilized.
Muscle flaps have been used particularly in the mobilization of ankylosed jaws,
probably because of the ease of interposing a flap of masseter muscle into the
resected joint, in contrast to the difficulty of interposing satisfactorily a flap of
muscle into the other larger joints. Muscle is bulky, necessitates the resection
of a rather large amount of bone, and undergoes degeneration rapidly.
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All of the above-mentioned methods have been discarded, with the exception
of the metal mold arthroplastic procedure of Smith-Petersen and the use of a
“cartilage cup” for reconstruction of the hip, particularly following certain com-
plications of fractures of the neck of the femur, as described and advocated by
J. R. Moore. The latter, however, is not a true arthroplastic procedure and will
not be considered in this section. The status of nylon as an interposing membrane
cannot be settled at this time.

To the late John B. Murphy of Chicago must go the credit for the development
of the fascial flap method which is the foundation of the modern arthroplastic
measures in the knee, elbow, and metacarpophalangeal joints. The essential
feature of his operation, introduced in 1902, is the insertion of a pedicled flap of
fatty tissue and fascia taken from the vicinity of the operated joint. Murphy be-
lieved that the transplant received nourishment through the pedicle and insisted
on the inclusion of a considerable quantity of fatty tissue, reasoning that the fat
aids in laying the foundation of the new joint by the formation of a hygromatous
bursa, It is of interest to note that Albee, as late as 1933, stressed the importance
of utilizing fat as well s fascia, reasoning, as did Lexer, that the fat exerts a
hemostatic influence on bone as well as helping to fill the newly formed joint so
completely that a postoperative hemarthrosis cannot develop.

Kirschner, in 1909, advocated the trial of free fascial grafts in joints mobiliza-
tion, and in 1910, at his suggestion, Payr performed an arthroplasty of the knee
using a free graft of fascia. Shortly thereafter, Putti, Rehn, Ritter, and the Mac-
Auslands adopted this method. Putti, Campbell, the MacAuslands, and Hender-
son, though contributing no truly original features to the operation, performed
large numbers of the procedure in the various joints, greatly improving and
refining the operative technic, and defining the indications and contraindications.
These men are to a large extent responsible for the present-day stature of the
procedure. Smith-Petersen, through his fundamental work on a metal mold, has
revolutionized the procedure of arthroplasty of the hip, extending its field of
indications and emphasizing the occasional necessity for later revision of an
arthroplasty where initial motion is gradually lost; revision is particularly in-
dicated where the procedure has been performed for atrophic or rheumatoid
arthritis. Alexander Gibson, of Winnipeg, has modified Smith-Petersen’s method.
utilizing a variant of the Kocher approach and attacking only the femoral head in
cases where the acetabulum is preserved. Since Gibson described his method
in 1948, the long-term results are not yet available, though at present Gibson’s
results are most encouraging,

INDICATIONS AND CONTRAINDICATIONS FOR ARTHROPLASTY

In general, arthroplasty is indicated only in the hip, knee, temporomandibular,
t.?]bmv, and pophal 1 joints. Elsewhere, the ic make-up of thE;
joints is such that good results are not ordinarily obtained and, more important
l?ss of motion in these joints is so satisfactorily d by adj; P fl;nC:
tioning joints that ankylosis in good position is to be preferred. As an example,
an ankle fused in good weight-bearing position, compensated by midtarsal ’ d’
tarsometatarsal joint motion, results in far less disabilify than an art‘hropl:::snty
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of the ankle. In this joint, the end-results of arthroplasty bave been, in general,
most unsatisfactory and undependable. Likewise, a painless fused wrist gives
far better function and strength than one in which partial motion has been re-
gained by arthroplasty but which is weaker than normal, somewhat painful with
prolonged or heavy use, and limited in its endurance; again, the functional result
following arthroplasty of the wrist is usually disappointing.

Even in the joints in which arthroplasty may be employed, it is essential to
select the cases carefully, for operation is not advisable in every ankylosed joint.
The tollowing tactors must be taken into consideration in each case before
advising arthroplasty.

{1} The most satisfactory results have been obtained where ankylosis has
resulted either from an acute pyagenic infection of the joint or from trauma.
With the present-day use of antibiotics, the number of cases of joint ankylosis
resulting from an acute pyogenic joint infection have become exceedingly in-
frequent. On the other hand, the incidence of partial or complete ankylosis
resulting from trauma is increasing,

(2) Where ankylosis is the result of an acute infection, the infection must
have been completely quiescent for at least six and preferably 12 months. Sepsis
following surgical interference, particularly when due to relighting of a dormant
infection, is the chief complication of arthroplasty. It is indeed fortunate that
the use of appropriate chemotherapeutic and antibiotic agents has greatly de-
creased the incid of this complication. Nevertheless, the rule of allowing an
adequate Iapse of time to follow complete subsidence of the infection should
nat be violated.

{8) Except where there has been a 3¢ 4 , P
due to trauma is seldom seen, even in the case of the elbow joint. Not infre-

quently, however, arthroplasty may be indicated in a painful joint with limited
a .

TSNS 1 3ot

motion as a result of trauma and the develop of a y
arthritis. One example of this is the partially ankylosed elbow joint which has re-
sulted trom & severely i d condylar §; of the elbow, wherein at

the time of original injury it was impossible to reassemble the multiple small
articular tragments of the humeral condyles into anatomic position. Another
example is the painful hip of fimited motion and endurance which has followed
a tracture-dislocation, with or without complicating aseptic necrosis of the
temoral head. The procedure may be indicated when motion is blocked because
of comminution of the articular surfaces, even though pain is not a prime factor.

Occasionally, a joint may become ankylosed as a result of an adjacent exten-
sive and deep burn. If arthroplasty is indicated in such an instance, it is essential
that the soft tissues covering the joint be satisfactory; in almost all cases, pre-
Yiminary skin grafting must be done to provide an adequate covering of skin
and subcutanecus tissue.

{4) ¥f there are multiple ankyloses resulting from a pyogenic infection of
multiple joints, motion may be restored to the desired joints if all infection has
subsided over a period of 32 months and if the adjacent bone is in good mndiﬁ(.m‘
Multiple ankyloses, however, make the postoperative rehabilitation of +joint
function more diffienlt so that the prospect of restoration of function in a gi.vcn
joint is less favorable than when the ankylosis is confined to a single articulation.
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(5) Arthroplasty is contraindicated where ankylosis is the result of tuber-
culosis. The probability of relighting a latent tuberculous infection is so great
and the serious consequences which may follow are so disastrous that the opera-
tion is not justificd. The field of specific chemotherapy and of the antibiotics
is being so rapidly expanded that there is the distinct possibility that in the
foreseeable future a drug may be developed which will destroy the tubercle
bacillus, making arthraplasty of a joint fused as a result of tuberculosis a safe
and sound procedure. For the present, however, tuberculosis must be considered
as a definite contraindication to arthroplasty.

{6) Arthroplasty may be attempted in the joint ankylosed by multiple atrophic
or rheumatoid arthritis. Smith-Petersen now advocates that reconstructive pro-
cedures in arthritis be performed relatively early in the course of the disease
while the para-articular tissues are in a more favorable condition and the bones
are of more normal structure. The operation should be performed while the
disense is under control, preferably during a remission induced by cortisone or
ACTH herapy and before the disease has progressed to the extent that the
muscles about the joint or joints to be mobilized have become fibrosed and
markedly atrophic. After wound healing has occurred, drug therapy should be
resumed and intensive rehabilitation of the operated joint is instituted.

(7) All other considerations being equal, the result following arthroplasty in
a joint ankylosed in good functional position will be superior to that which fol-
lows mobilization of the same joint from an unfavorable position of ankylosis.
I, for example, a knee is ankylosed in a position of 90 degrees flexion for many
years, a preliminary osteotomy and capsulotomy should be performed, allowing
weight-bearing for a sufficiently long period of time to restore bone density
to normal and to allow the musculature of the extremity to regain its function.
When this condition is obtained, arthroplasty may then be done with much
greater assurance of a good result.

(8) If the destructive process causing the ankylosis has also resulted in im-
pairment of growth because of damage to the epiphyses, or if there is excessive
diminution in leg length from loss of continuity, the degree of function which
may be restored by arthroplasty probably will be insufficient to warrant the
procedure.

(9) The structure of the bone in the vicinity of the joint to be mobilized, as
demonstrated mentgen?gmphicall_y, must approach normal (Fig. 1). Eburnation
of the bone for a considerable distance from the site of operation, usually the
result of an old hematogenous osteomyelitis, is a contraindication to arthroplasty
Such bone bears the same relation to normal bone that scar tissue bears u;
normal soft tissue. This dense bone provides a poor matrix for the reconstruc-
tion of a joint and, in addition, there is a definite possibility of relighting th
old infective process, even though an adequate antibiotic coverage is ro%id 3
prier to as \\jell as following operation. In the knee region, dense bonlz alm:st
always constitutes a definite contraindication to arthroplasty,

On the other hand, osteoporosis or atroph i i

. X x 7 y of disuse also interferes wil

bone remod.el‘mg necessary in performing an arthroplasty. In the re::l:}cl thi

§uch a condxfwn, active use of the extremity for a period of at leastpsix moeﬂ?

is necessary in order to overcome the osteoporosis and allow the bone strucltlu .
re
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to return as nearly as possible to normal. This, as mentioned above, also atlows
preliminary redevelopment of muscle tone and function and a return of soft
tissue turgor to normal. If malposition interferes sufficiently with the use of the
extremity, bone atrophy will persist until correction of the deformity places the
part in a position for development of function and restoration of weight-bearing.
1t the period of disuse has been so Jong that a medullary canal has been developed
across the joint, it is vsually impossible to develop sufficient bone through fune-
tion to form a satisfactory joint (Fig. 1).

Fic. 1~(A) The medullary canal traverses the jaint hae, unsatisfactory for arthroplasty. (B}
Satisfactory for arthroplasty. Relatnely normal density of bone,
(Speed, J. S., and Smith, B. {Eds.}, Campbell's Operative Orthopedics, C. V. Mosby Co,, 1919}

(10) The most favorable age for arthroplasty is from that of bone maturity
to 40 years, although in many instances the procedure may be justified in an
older patient. This will depend on the oceupation of the patient, his maral fber,
the outlook for the procedure as judged on the points mentioned above, and
the patient’s desire to have the procedure performed. In no instance, however,
should the surgeon allow the patient to persuade him to perform the operation
against his better judgment; invariably, he will regret it.

(11) The social status and occupation of the individual must be borne in
mind. Arthropl lecti , particularly in weight-bearing joints.

yisa tive p i
Ttis indi d in the weight-bearing joints of persons engaged in strenuous
work, and is indicated only in those whose oceupation and social status permit
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primarily sedentary activities. Excessive obesity must be corrected prior to opera-
tion. Arthroplasty of the elbow has a somewhat wider range of indications, for
an ankylosed elbow forms an extreme handicap, and the stability so necessary
for a weight-bearing joint is of less importance. This also is true in the case of
the temporomandibular joint.

TECHNIC CF ARTHROPLASTY

The technic of operation varies in the individual joints, taking into considera-
tion their anatomy and function, as well as individual features of the ankylosis
and the soft tissue status of the particular case. In the hip, the reconstruction
more closely approaches the normal joint than elsewhere, while in the knee and
elbow the reconstruction of a simple monocondylar joint is to be preferred. In
the latter joints, the attempt to approximate the contour of the normal joint more
closely may complicate the procedure and actually diminish the prospect of
success of the operation. For the knee, one large femoral condyle and a shallow
concave upper tibial articular surface form a hinge joint which will meet the
requirements of function, It has not been found possible or even desirable to
preserve the intra-articular ligaments.

The procedure may be considered as having four parts: (1) plastic adjustment
of the soft tissues, (2) reconstruction of the bone, (3) interposition of metal
or tissue between the bone ends, and (4) after-care.

PLASTIC ADJUSTMENT OF THE SOFT TISSUES

If contraction of tendons, fasciae, and capgale has occurred, it will be neces-
sary to correct the soft tissue deformity as a preliminary procedure, unless the
contraction is of relatively mild degree. At the time of operation, the incision
must be planned with due regard to the anatomic relationship of the tendons,
fasciae, nerves, and vessels. Operative approach to the joint must be made with
the least amount of trauma in order to minimize the operative reaction as well
as to permit early wound healing and joint mobilization. If soft tissue contrac-
tures are of mild degree, tendons should not be divided until the bone has been
severed and remodeled, for it is quite frequemly found that after the bone has
been remodeled soft tissue contractures of mild or moderate degree do not require
correction. If tendons, fasciae, or capsular structures do need Iengthening this
should be done in a plastic fashion so that free function will not be impair,ed_

ReconstrucTION OF THE BONE

The joint ankylosis, whether osseous or ﬁbrr{us, should be di
vision. Force, if used at all, should be applied carefully,
articular surfaces and fracture are always possibilities. The’
should be removed will vary with each
to the individual operative ﬁndings. An
removed during the remodeling procedu
on manual traction, but under no circum:
moved be so great that an adequate fo
regardless of the degree of contracture

vided under direct
since crushing of the
2 amount of bone which
joint and in the same joint, according
adequate amount of bone should be
re to permit free motion of the joint
stances should the amount of bone re-
undation for a functional joint is lost,
present. Rather, any severe soft tissué



260 MONOGRAPHS ON SURGERY

contracture must be corrected in a plastic fashion prior to the arthroplasty,
Excessive rereaval of bone will, in effect, result in a joint excision rather than
an arthroplasty. An cxample of this is found in the elbow where the evpanded
lower extremity and humeral condyles are removed. In this instance, only the
shatt articulates with the radius and ulng, and a flail pscudarthméis is the out~
come.

The involvement of multiple joints makes rehabilitation of the operated joint
less efficient. Such a joint tends to lose part or all of its wotion duting the
rehabilitation of subsequently mobilized joints. For this reason, more bone
should be excised than in an arthroplasty of a single joint. This is permissible,
since the aim in this type of case is different from that in which only one joint
is to be mobilized.

InTERPOSITION OF METAL on Fasaa

Interposition of tissue between the bone ends is more necessary in sore joints
than in others, for the tendeney to recurrence of ankylosis varies in the dif-
terent joints. In the temporomandibular joint, it is not the practice at present to
interpose soft tissue, whether fascia or muscle, since, as Henderson has shown,
the articulation of the opposite side holds the surfaces apart in a unilateral
ankylosis. In bilateral ankylosis of the {aw, gravity and the weight of the jaw
serve this purpose. In the hnee, elbow, and metacarpophalangeal joints, fascia
has proved to be the interposing material of choice, while in the hip, the metal
mold of Smith-Petersen has replaced fascia as an interposing substance. In the
case of multiple ankyloses, where a fascia lata graft may not be available, and
in pateliof al fusion panied by free between the tibia and
temur, the pedunculated fascial flap obtained by dissection of fat and fascia in
the vicinity of the joint may be used.

The free fascin lata graft for elbow and knee arthroplasty is obtained from
the outer aspect of the thigh, since the fascia in this region is most suitable for
transplantation and a sheet of adequate size is easily obtained, For arthroplasty
of the metacarpophalangeal joint, the thin delicate deep fascia of the inner or
outer side of the thigh, the anterior aspect of the upper forearm, and the
anterior aspect of the lower arm are superior to fascia lata. The majority of
surgeons prefer to interpase two layess of fascia between the articular surfaces,
the rough outer surface being placed against the bone so that the smooth, glisten-
ing surface will form the articulating surface.

AFTER-CARE

As a geperal rule, the part is immobilized in a splint or plaster cast after
operation, with traction applied to the part distal to the arthroplasty. Immobiliza-
tion and traction are maintained until the wound is completely healed, usually
10 to 14 days. Active and passive motion is then instituted, using special ap-
paratus suited to the particular joint and wnder the control of the patient, At
the outset, fear of pain may inhibit contraction of the motor muscles, but this
is gradually overcome by continued practice. Properly timed, planned, and

* carried out, function is gradually restored without intense pain. Violent and
excessive exercise will induce a severe reaction and js injurious and incompatible
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with good functional recovery. Where possible, supervised gaily physical therapy
is given, for active and powerful motion is more easily culhv.ated under l}l.e con-
trol of an expert. If such a therapist’s services are not available, rehnbth.hon
may be accomplished by having the patient follow carefully planned exercises,
checked at regular intervals by the surgeon himself. It is important f(fr tl}e
patient to be closely supervised during the first few months after operation in
order to guide the joint in proper channels of function. Following arthroplasty of
the hip, for example, it is necessary that a proper walking pattern be developed
which employs the muscles in as nearly normal a fashion as possible and that
motion be developed only as rapidly as muscle strength is developed to control
the joint. With minor variations, the same is true of the other joints. Usually
active and passive motion, developed synchronously, will give the best result.
Too early weight-bearing is to be avoided. No rule of thumb for this can be
given, weight-bearing being increased only as the density and strength of the
bone approach normal in order to prevent absorption of the articular surfaces
with consequent instability of the new joint.

If examination reveals excessive tenderness, pain, or swelling, rest is enforced
until all active symptoms subside; thereafter, treatment and activity should be
cautiously resumed. The integrity of the ligaments and strength of musculature
is likewise checked, since a decrease of muscle power without inflammation is a
definite danger sign. This usually indicates bone absorption, sequestration, or a
stretching and increase in laxity of the ligaments. Roentgenograms should be
made at intervals of two months during the first year, If there is increased bone
absorption leading to instability, temporary protection of the joint with any
necessary degree of curtailment of joint function is indicated. In the presence
of osteoporosis, active function should be developed as rapidly as possible,
preferably in conjunction with judicious physical therapy, but in the case of
joints of the lower extremity, weight-bearing should be omitted or at least re-
lieved until the density of the bone approaches normal. If, during the course
of postoperative follow-up, passive motion is found to have increased more
rapidly than the muscle power, the patient should be temporarily fitted with
2 brace which incorporates special joints to prevent motion of the joint beyond
the desired degree.

Once active motion of 30 degrees or more has been developed, there is no
fun.her tendency to recurrence of ankylosis and the range of motion will tend
to increase rather than decrease. On the other hand, if only a few degrees of
active Wo'uon have been cultfvated by the end of three months, recurrence of
ankylosis is probable. Ordinm.'lly, strenuous function is not to be encouraged until
the end of one year following operation, for this length of time is required
ity e sttty Sercope i o 10 bone desity
joint m’nuipulntion‘ lmdez nneslhel"sia. fo]‘::\')inl; :rtl;lizeslsazr): O{H\vu({ :0 perform
this may occasionally be done, but in such insta N Ty sases,
degrees of increase in motion ;ho 1d be at ol ot o more 'than 20 to 50
gain more than this may lead to -1u ' - temptezd & any one time. Efforts to

2 ay lea a severe postmanipulative reaction, with exuda-

tion and reorganization of inflammatory products, as well as the formation of
more dense intra-articular adh . Forceful ipulation is absolutel .
P

ly con-
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traindicated; not infrequently para-articular fractures have occurred as a result
of this and in practically every instance compression and microfracture of the
articular surfaces will take place (Fig. 2).

[ —— P

d

Fic. 2. dylar fracture was as the result of vigorous manipulation in an
effort to increase the range of motion following arthroplasty.

JOINT EVOLUTION FOLLOWING ARTHROPLASTY

Crinicar or Funcrionar Resurts

After operation, the appearance of the joint is changed. In the knee, for
example, the patella and the lateral patellar sulei are usually not visible, the joint
having a cylindrical shape. Active and passive joint motions are usually com-
mensurate, though in some eases, varying with the quality of the musculature
and the active rehabilitative efforts of the patient during after-treatment, passive
motion may exceed active motion with ill effects. The muscle power will vary
in different joints after restoration of function. In the elbow, the triceps may be
weak and extensior will be accomplished largely by gravity; in such an instance,
the eftect will not be deleterious except when the arm is used for overhead work.
In the knee, full extension against gravity may be lacking, and in the hip, com-
plete and full Hexion may not be attained. Frequently, except in the hip, there
is slight lateral instability, but usually muscle strength is sufficient to compensate
for this so that stability is not impaired from a functional standpoint. In the
elbow, full restoration of normal motion of flexion and extension is not infre-
quently obtained, whereas in weight-bearing joints, restoration of normal motion
is rarely secured or desired. In the lower extremity, it is desirable to secure about
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60 per cent of normal motion since this will give a durable and efficient wcighs-
bearing joint; when motion beyond this range is regained, the muscle power_ls
often inadequate and stability of the joint is impaired. Usually, after a fascial
arthroplasty, some degree of crepitus on motion will be present. It is u.nportant
for both the surgeon and the patient to realize that at best the durability and
efficiency of the joint will not equal those of a normal joint.

ROENTGENOGRAMS

The evolutionary process of an arthroplasty is, as would be expected, more
apparent in the knee and hip than in the nonweight-bearing joints. In the lower
extremity, the joint space tends to become narrow, though in general the articular
surfaces are even and smooth, In some knees there may be seen a punched-out
area or cavity on the lateral portion of the femoral articular surface corresponding
to the normal external condyle, and occasionally similar, though less pronounced,
changes may be observed in the tibia. The relations of the articular surfaces will
usually remain unchanged unless the integrity of the ligaments is impaired or
gross bony irregularities are present. Absorption may also be observed in the
hip and elbow, particularly if excessive soft tissue stripping is done at opera-
tion. Absorption may to a large extent be obviated by minimizing soft tissue
stripping, thus preserving the circulation to the articular end of the bones, and
by restricting weight-bearing until the structure of the bone and the strength
and endurance of the musculature have been restored. )

From a roentgenographic standpoint, the structural changes begin at about
the end of the third week after operation when a mottled osteoporosis appears.
This will persist until the effect of active use becomes apparent, usually in about
three months. After that time, the bony structure is gradually restored to normal
as shown by the reappearance of normal bony trabeculae. The structure of the
bone, however, may never entirely return to normal because of the effect of
the disease on the bone, the long period of immobilization of the joint, and the
fact that the function of the joint will never be completely normal. By the end
of ane to three years, however, the structure should have reached its mature ap-
pearance, except for the possible develop of degenerative and proliferative
changes in later years (Fig. 8). A line of condensation about ¥ inch in width
forms just below the articular surface, with trabeculae running at a right angle
to the shaft. This area of increased density corresponds to the subchondral bone
plate of a normal joint. During the first year, the area of condensation widens
l.mt thereafter remains stationary, this static condition ir\dicaﬁng that restoration
i,s co‘mpleted as far as possible. \V.ith the further lapse of time, the bony tra-
dii:g?:nb:fc:}:: rea.rrdanged :fccordmg to the new lines of functional stress, the

period of development depending on the co
status, and extent of activity of the patient.

Later, bony proliferation or osteophytic outy
is found in about 40 per cent of th
proliferation, and in the remainder
joints, the incidence of marginal bo
weight-bearing joints,

In the hip,

-operation, muscular

growth from the articular margins
e cases, while 25 per cent show only slight
there is none at all. In nonweight-bearin

ny proliferation is definitely less than in the

the vitallium mold tends to obscure the acetabular bony reactions
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to some degree and, except by inference, completely obscures the changes in
the femoral head which may occur following asthroplasty. Marginal prolifera-
tions may be scen about the acetabulum, particularly at its superior border, and
to a lesser extent may oceur antero-inferiorly in the region of the teardrop, In
the atrophic arthritic hip, the acetabulum may become fitled with new bone,
anchoring the mold in situ to a varying degree, In some instances overgrowth
of the edge of the mold occurs. The head of the femur may atrophy, as shown
by a shortened distance from the edge of the mold to the trochanters, and after
removal of the mold proliferative changes may be noted about the periphery
of the head of the femur. It is also conceivable that aseptic sequestrations of the
head of the femur may oceur, though in our series in which the mold has been
removed, this has not been noted,

Fic. 3.-Arthroplasty of the knce 23 years after operation. Note the well preserved joint space,
and the irregularity of the articulac surface of the femur. Mation from 180 degrees to 110 degrees.

Speed and Knight made a rather detailed study of the end-results of fascial
arthroplasty of the hip in 225 cases. From a roentgenographic standpoint, it was
found that for this particular joint there are certain exceptions to the evolution
of a joint, as described above. After the initial period of osteoporosis, the bone
constituting the newly formed head and neck will follow one of two courses.

In one group, constituting a relatively large percentage of the cases, osteoporo-
sis will be progressive with gradual absorption of the head and neck despite
careful use of graduated ises and protected weight-bearing. This absorption
progresses until at least a portion of the weight-bearing force is shared by the
trochanteric surface. In the second group, the general contour and size of the
head and neck were found to remain stationary for a period of years, with the

e~
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gradual development of changes similar to those scen in the group of ?steo-
arthritic hips often classified as “secondary osteo-arthritis” following primary
pathologic processes as coxa plana, slipped upper femoral epiphysis, t'raumahc
injury of the femoral head followed by aseptic necrosis, etc. There are increased
cortical thickening and irregularity of the surface of the femoral head, progres-
sive sclerosis associated with areas of aseptic necrosis, and endosteal prolifera-
tion. Occasionally gross infarction or aseptic sequestration of a large portion of
the head may be seen. These pathologic changes in varying degree have been
abserved in all fascial arthroplasties of the hip five years or more old, but occur
to a much smaller extent where primary absorption has been a major feature.

BiopsiES AND AUTOPSIES

From our own series, it has been possible to study seven joints wherein a
useful range of motion with function has been regained. In all but one instance
the operation was performed because of a mechanical defect, such as instability;
in the seventh case, fusion was indicated because of a severe para-articular frac-
ture. Six of the operations were on the knee and one was on the hip. These
were performed at periods of 12 months to 15 years after the initial arthroplasty.
The findings in these seven joints may be summarized as follows:

The skin and superficial and deep fasciae were normal. The capsule was
always found to be thicker than normal, regardless of the lapse of time, but
the relative thickness decreased as time went on. The joint cavities were from
one-third to one-half the size of those of normal joints, and in some there
were fibrous bands traversing the joint. A joint fluid resembling normal synovial
Huid was present in 6 of the 7 cases, probably having arisen from the connective
tissue spaces of the articular surfaces. In 2 of the cases there were areas of
degeneration on the articular surfaces. In those cases studied at the end of a year,
the joint cavity was surrounded by a dense fibrous tissue, somewhat resembling
the investing fascia lata, but in those joints studied after the lapse of a year, the
articular surfaces were covered with a fibrocartilaginous tissue. In one case, where
function was so slightly impaired that the indications for a second operation
were questionable, the articular surfaces were smooth, but in the remainder, the
surfaces showed varying degrees of roughening, even to the extent of furrows
pits, and small bony eminences. These apparently did not interfere with functiox;
(Fig. 4).

In no case was true hyaline cartilage found. The tissue structure of the joints
restored by arthroplasty ?oncsponds almost exactly to that of a spontaneous
arthroplasty, such as a flail pseudarthrosis. There were three fairly well defined
Ic?:;j:gz dﬂcnn(:et lf:l:[‘:;e:lr;:,c‘:h:; ]ayer: beneath wh{ch was a stratum of atypical

3 14 p?Oﬂlng bone. The superficial fbrous layer was
found to range from 50 to 100 micra in thickness; the subchondral bone was, of
course, continuous with the underlying bone. The articular surface tiss e‘ :
arise from either the exposed bone marrow spaces or the fascial‘ raff L;’ il
mains viable. The fibrocartilage arises by metaplasi f & t-’ ; 1~t re-

g y metaplasia of the connective tissu

of the marrow. The superficial fibrous layer and the stratum of fib oo
become more c!carly defined as the function in the reconsu:ucted (;oint i’::‘::::ll%e
The superficial fibrous layer is composed of closely packed connective tissue.
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fibers running parallel to the articular surface with numerous cells which contain
fattened nuclei. This layer is continuous with the capsule. In one case, there was
evidence of an investment of this capsule by mesothelial tissue, definite villi with
several layers of cells bring demonstrated. It is possible that this was the remains
of the former synovial membrane.

The layer of atypical cartilage lying beneath the superficial fibrous layer must
be regarded as metaplastic. In one case, typical cartilage cells, in groups of two
or more daughter cells, were observed just beneath the fibrous layer, the re-

ler of the cartilagi stratum heing composed of many undeveloped
cartilage cells and connective tissue fibers, There was no true cartilage matrix,
but the fibrous tissue was homogencous and stained with a basic reaction. If
the first layer can be interpreted as an attempt at formation of perichondrium,
the remainder of the histologic steucture is then scen ta be the direct opposite

Fio. 4.—Femoral comdyle 10 years after anthaoplasty. There is excellent end tesult despite
pitting and irregularity o the articular surface.

of that seen in the normal articular cartilage, i.e., the daughter cells are nearer
the articular surface whereas normally the more immature cells are found in
the deeper layers nearer the bone. It is possible that in time a normal arrange-
ment of adult cartilage might evolve. Smith-Petersen has presented one case
where, on biopsy, normal articular cartilage was found, The finding has not,
to our knowledge, been noted in other cases.

The layer of subchondral bone is continuous with the remainder of the bone
which enters into the formation of the arh‘cuhtion, the structural restoration by
functional adaptation being clearly d rated by serial roentg

The role of the fascial transplant in the formation of the articular surface of
bone may be questioned because of the development of a similar fibrous invest-
ment in the instance of “spontaneous arthroplasties” and pseudarthroses. From a




ARTHROPLASTY 267

practical standpoint, it has been shown that fascia lata does possess a definite
action conducive to the development of the joint. The fascia may quite possibly
remain viable, since it is in close approximation to the raw bony surface and sur-
rounding soft structures and revascularization from these may readily take place.
In time, the structure of the fascia is altered by function. 1t is indeed doubtful
whether an inert soft tissue would withstand the stresses and strains of early
function routinely required.

THE USE OF CORTISONE IN ARTHROPLASTY

To say that surgical technic has reached the point of its highest development
would be fallacious, but it is quite evident that an increasing proportion of the
surgical advances of the future should and will result from the application of
the tund 1 biologic sci to surgery, rather than from further develop-
ment of purely technical surgical procedures alone. Stinchfield has presented
one of the most fundamental approaches to the problem in many years in his
study on cortisone in conjunction with joint surgery. The study is still in its
infancy but nevertheless is of sufficient importance to be presented here. Per-
sonal experience with the method in a small series of cases is encouraging.

In searching for 2 method to prevent excess bone and fibrous tissue formation
at or near the site of operation following orthopedic procedures, Stinchfield con-
sidered that oxidized cellulose (absorbable gauze), described by Frantz, Clarke,
and Lattes, might limit bleeding at the arthroplasty site and decrease the amount
of postoperative new bone formation.

He found, in a series of 22 arthroplastic procedures, that bone formation
could be inhibited by the use of oxidized cellulose, but that fibrous tissue forma-
tion progressed normally or even at an accelerated rate. An experimental study
using cortisone was then carried out, since Ragan, Howes, and their associates
have shown that wound healing is markedly inhibited by the administration’ of
cortisone. The mechanism by which this is accomplished is not clear, though it
appears that the catabalic effect of hyperad lism on protein metabolism may
account for the decreased activity of the mesenchymal tissues.

From his studies, both experimental and clinical, Stinchfield has found that
there is less capsular thickening, more free motion, less crepitation, and a lack
of inflammatory reaction when cortisone is used. He feels therefore that cortisone
may be employed where inhibition of fibrous tissue formation is to be desired.
In treating traumatized joints and in performing arthroplasties, Stinchfeld
recommends that 100 milligrams of cortisone be injected into the joint at the
time of operation, and that similar doses be repeated on the second, hfth, 10th
and 15th days after operation. On the seventh postoperative day, nf,ter th’e skir;

has healed sufficiently, 100 milligrams of cortisone are given i i
e ol e re given intramuscularly daily

ARTHROPLASTY OF THE KNEE

Ankylosis of the knee, unaccom
catremities, is not a crippling
surgeons agree that a knee whi

panie'd by joint disease elsewhere in the lower
.def?nm.ty 5\nd because of this most orthopedic
ich is stiff in 2 good functional position is to be
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fibers running parallel to the articular surface with numerous cells which contain
flattened nuclei. This layer is contintous with the capsule. In one case, there was
evidence of an investment of this capsule by mesothelial tissue, definite villi with
several layers of cells heing demaonstrated. 1t is possible that this was the remains
of the former synovial membrane,

The layer of atypical cartilage lying beneath the superficial fibrous Iayer must
be regarded as metaplastic. In one case, typical cartilage cells, in groups of two
or more daughter cells, were observed just beneath the fibrous layer, the re-

ler of the cartil stratum being composed of many undeveloped
cartilage cells and connective tissue fibers, There was no true cartilage matrix,
but the fibrous tissue was homogencous and stained with a basic reaction. If
the first layer can be interpreted as an attempt at formation of perichondrium,
the remainder of the histologic structure is then seen to be the direct opposite

Fic. 4.—Femoral condyle 10 years after arthroj gﬂust, There is excellent end result despite
itting and irregularity of the articular surface.

of that seen in the normal articular cartilage, i.e., the daughter cells are nearer
the articular surface whereas normally the more immature cells are found in
the deeper layers nearer the bone. It is possible that in time a normal arrange-
ment of adult cartilage might evolve. Smith-Petersen has presented one case
where, on biopsy, normal articular cartilage was found. The finding has not,
to our knowledge, been noted in other cascs.

The layer of subchondral bone is continuous with the remainder of the bone
which enters into the formation of the articulation, the structural restoration by
functional adaptation being clearly demonstrated by serial roentgenograms.

The role of the fascial lant in the f of the lar surface of
bone may be qneshoncd because of the development of a similar fibrous invest-

ment in the i of “sp arthroplasties” and pseudarthroses. From a
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According to the position and type of ankylosis present, the technic of operation
is modified or varied.

PANANKYLOsIS 1IN ExTENSION oRr Suicut FLEXION

It is fortunate that most cases of ankylosis of the knee fall into this category
since it is this position of ankylosis which is usually followed by the most satis-
factory results. It is not necessary to lengthen the quadriceps tendon as was done
earlier in our clinic.

Technic (Campbell). The anteromedial or utility approach of Krida is ordinarily
employed, beginning 4 to 6 inches above the knee at the inner margin of the
quadriceps tendon, extending distally with a slight convexity medially, parallel
with the medial aspect of this tendon, and ending at a point just below the in-
sertion of the patellar tendon into the tibial tubercle. The skin and superficial and
deep fascia are incised, and the vastus medialis muscle is dissected from the
quadriceps tendon. The tendon is then freed down to the patella, and the bony
union between the patella and femur is divided with an osteotome. The quad-
riceps tendon, patella, and the patellar tendon are then retracted laterally and
any obstructing adhesions are freed by sharp dissection. Subperiosteal dissection
of the soft tissues from the bone is desirable, but one must avoid leaving small
fragments of bone attached to the soft tissues, The ankylosis between the femur
and tibia is now divided with a broad ostectome, care being taken to prevent
injury to the soft structures posterior to the joint capsule. It is essential to post-
pone forcible Hexion of the knee until the ankylosis is completely divided, even
though the ankylosis may be fibrous, since fractures of the distal end of the femur
occur with ease and present a serious complication to the success of the pro-
cedure.

The knee is gently and gradually flexed, giving complete access to the articular
ends of the femur and tibia. The posterior portions of the femoral condyles are
removed, obliterating the intercondylar notch and permitting full flexion of the
knee with ease. The lower end of the femur is now shaped into one large condyle,
convex trom above downward and before backward (Fig. 5). Only as much
bone is removed from the actual length of the femur as is necessary to reach
cancellous bone; relatively more bone is taken from the posterior surface of the
condyles, so that a wider space will be obtained with minimal shortening of
:25{2::}? h'I;]:lzﬂl:pper end o{) the !ibi:f is likewise resected only as far as necesZary

RN h y, spongy bone. Using a large gouge, the upper tibial surface
is made slightly concave anteroposteriorly, thereby forming a large, single shal-
low cavity for articulation with the large femoral condyle. After bon’e excision is
completed, it should be possible to produce at least % inch of space between
the ends of the femur and tibia by manual traction. Durin

t g the proced it i
important not to detach the soft tissues from the bane morebth:m II-n)ecessal:';'e ,s:ltmlz
these carry the chief blood supply of the bone, If excessive denudation of l;one is

done, aseptic necrosis of the terminal en
don asep ds of the bones may occur, impairing the

When remodeling of the ends of the fe
surfaces are approvimated and the
valgus or varus is present, additional

 femur and tibia is completed, the bony
alxgnmf?nt of the extremity is inspected. If
1 bone is removed from each surface so that
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preferred to the uncertaintics of arthroplasty. In properly selected cases, however,
arthroplasty of the knee offers a practical method of relief from a disabling con-
dition which is a constant source of annoyance and embarrassment, particularly
to women. When the procedure is correctly performed, it offers a seasonable
epectation of giving the patient 60 to 90 degrees of active movement with
adequate museular control, sufficient stability to allow ordinary activity without
the use of external support, and cither no pain or pain of such a minor degree
as not to interfere with an average day’s work in occupations other than these
involving manual labor.

InpicaTiONs

Arthroplasty is indicated in patients with fibrous or bony ankylosis of the knee,
who are hetween 18 and 50 years of age, who do not do manual labor, and in
whom the ankylosis is the result of a joint infection or trauma followed by a
painful partial ankylosis or by a complete ankylosis wherein the bony components
of the joint are not fundamentally distuthed. In earlier years, most arthroplasties
were performed for ankylosis resulting from an acute infective arthritis, usually
due to gonorrhea or puncture wounds of the joints. More recently, the treatment
of acute intections by chemotherapeutic and antibiotic agents has considerably
reduced the incidence of ankylosis from these sources.

CONTRAINDICATIONS

The procedure is contraindicated when ankylosis is associated with or is in-
cident to gencralized atrophic or rheumatoid arthritis, tuberculosis, ostcomyelitis,
obesity, and osteoporosis. Arthroplasty of the knee may be advised for certain
severely disabled patients with multiple ankylosis due to rheumatoid or atrophic
arthritis but, in such cases, the purpase of the operation is not the same and
the result is ordinarily not as good as in the favorable group.

Mobilization of the ankylosed knee presents a more complex problem than it
does in other joints because of the fundamental structure of the knee and the
demands made on it in daily use. Stability is of the utmost importance, since
without stability motion is of no value. Normally, stability is dependent on liga-
mentous support on all four sides of the joint as well as within it, on the muscles
controlling the joint, and finally on the contour of the articular surfaces. Any
mobilizing procedure must result in an intrinsically stable joint as well as one
swhich has a satisfactory range of motion and relative freedom from pain if it
is to be considered successful.

It is our experience at the Campbell Clinic that the anatomy of a new Lace
joint must be simple, making no attempt to restore the normal bony contours
of the joint, such as two femoral condyles with an intercondylar notch and two
tibial condyles with an intervening tibial spine. Haas has shown that functional
adaptation takes place with time and use. This conforms with our findings, and
accordingly we attempt to fashion a femoral condyle which corresponds in shape
to that which will eventually result from functional use. No attempt is made to
form tibial spines or a femoral intercondylar notch, and even though the cruciate
ligaments are intact, these are sacrificed at the time of arthroplasty to form the
simple monocondylar joint.
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bered that it is in the patellofemoral compartment that adhesions first form
when reankylosis occurs.

Fascia with which to line the new joint is’ preferably obtained from the op-
posite thigh. This minimizes the cxtent of the operation on the ankylosed leg
and makes it possible to remove as much fascia as is needed without disturbing
the external support of the operated knee joint, Moreover, in ankylosis due to

Fic. G.—Arthroplasty of the knee. The joint casity is lined with fasci ;

sutured deeply in the posterior compartment ofyllle joint. \'l!'he ;‘:scelrut gl?\is(l:\::)t\/;}x]‘z fas?adls
) patella with pedunculated flap of fat and fascia, g O fe

(Speed, J. S., and Smith, H. {Eds.]: Campbell's Operative Orthopedics. C. V. Mosby Co., 1949.)

mfcctio_n, tl'lcre may be some fibrosis in the soft tissues about the operati

:}1 long‘nudmal, slig!llly curved incision is made on the outer aspectpsf “ﬂ:‘;eﬂﬂ];‘e:-

m‘e;l beutaneo tflssues are d fm.m the underlying fascia lata by bllgxzné

a hg u ection, and a sheet of fascia lata 5 inches in width and 8 to 10

xsr}alcee isox‘.nf!‘f:sx;;g‘:hl)lrfore?\oyed. The ilnsenicn of stay sutures in each corner ofﬂ tllxe
ascia prior to its removal facilitates its handli ing i fon i

the knee. The rough outer surface of the fascial gm(tn ?sl ?&v:;n;l%\;:se::z:nltgz
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a perfcctly straight extremity with a hinge joint is formed. Since weight-bearing
must be direct and in a straight line, valgus is avoided regardless of the position
of the normal limb.

Fic. S.—Arthroplasty of the nee. Note the formation of monocondylar joint. The patella is
remodeled to one half of jts normal thickness!

{Speed, J. 8., and Smith, I, [Eds.): Campbell's Operative Orthopedies. C. V. Mosby Co., 1949.)

The patella is now prepared. Its posterior surface is removed, leaving a thin,
“wafer-like” patella of good tensile strength. The medial and lateral margins of
the patella are resected for X inch in order that the fibers of the tendon along
the edges of the patella may be folded onta its posterior surface. All bony sur-
faces are smoothed with a rasp, and the entire knee compartment is thoroughly
inspected in order that all fragments and particles of Joose bone may be removed.
Campbell advised the use of a pedicled flap of fibrofatty tissue obtained from
the infrapatellar fat pad as a covering for the posterior surface of the patella,
This is obtained by severing it at its juncture with the tibia and dissecting it
upward to form a broad pedicled flap. This flap is then sutured to the margin of
the tendinous fibers, thus completely covering the posterior surface of the patella
(Fig. 6). In the event that the fat pad is absent or deficient, o free transplant of
fascia lata is used to cover the patells, adequate coverage of the patella being
a most important factor in restoring mobility of the patella, It must be remem-
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bered that it is in the patcllofemoral compartment that adhesions first form
when reankylosis oceurs.

Fascia with which to line the new joint is preferably obtained from the op-
posite thigh. This minimizes the extent of the operation on the ankylosed leg
and makes it possible to remove as much fascia as is needed without disturbing
the external support of the operated kmee joint. Moreover, in ankylosis due to

=

Fic. 6.—Asthroplasty of the knce. The joiat cavity is lined with fascia. Ne ia i
sutured deeply in the postenor compartment of the joint. The ié:sc:t. ;?:'sthc::\'gr‘ii fnsz;lahls

) patella with pedunculated flap of fat and fascia, s of the
(Speed, . §., and Smith, H. (Eds.1: Campbell's Operatice Orthopedics. C. V. Mosby Co., 1949.)

:ﬁleodnﬁ& dti::]c n1113)h :])e some éibmsis in the soft tissues about the operative area.
g , slightly curve incision is made on the outer aspect of ich,
::1 su:::;a:i\;ous hpssues are separated from the underlying fafcin la:adll)iril}:lll%:;
a hg uze ﬂxc on, and a sheet of fascia lata 5 inches in width and 8§ to 10
:;;e :soxfnf ength is remm.‘Ed. The insertion of stay sutures in each corner of th
sheat of a;hcm prior to its removal facilitates its handling during insertion # .
- The Tough outer surface of the fascial graft is always placed in conltlzlltc(:
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with the saw bany surfaces. The transplant is folded with its smooth surface
wward, two-thicds of its length forming the superdor portion. The folded edge
is anchared to the upper reaches of the posterior capsule of the knee joint by
three interrupted sutures, one placed an cach side and one in the center, The
upper paction of the transplaat s then placed over the femoral candyle and the
distal 4 or 5 inches of the anterior aspeet of the femur while the lawer fold &
brought forward aver the new articular sueface of the tibia to its anterior edge.
All dree edges of faseia are sutored to the periostetim and soft tissues, well beyond
the joint margins. It is preferable 1o employ contintous sutures of a mediom .
plain catgut to anchor the fascia in place (Fig, 6). 1 the soft tissues are deficient,
the fascia shonld be anchored by interruptedd sutures passed through small holes
drilled in the bone or, if the bone is saft, the holes are easily made with a Lewin
clamp. Fhus two fayers of fascia laty are interposed hetween the joint srfaces
and one Jayer is interposed between the guadriceps tendon and the anterior aspect
of the femur, The posterior swrface of the patelfa is covered by the pedicle flap
which tosms an additional layes of interposing materfal between the patella and
feayus.

The wse of a toumiquet facilitates the aperative procedure, but it mast be re-
moved and complete hemostasis seeured hefore insertion of the fascia and
closure of the waund. Wound closure is carried out in layers, catgut serving
satisfactorily for the deep Jayers and interrupted nanabsorbable sutures for the
skin.

After-care. Atter operation, the extromity s immobilized in a special arthro-
plasty splint incorporating moderate traction. This splint fs, in effect, & Thomas
sphint with a Hodgen attachment. The knee §s maintaived i the estended
position, no motion being permitted in the joint until the wound bas entively
tiealed. On the sivth postoperative day, active quadriceps esercises ate begun,
and an the 10th day, motion may be instituted under the control of the patient
and with traction continued. It ¥s desirable that active and passive motion be
developed synchronausly.

An cxception to the above routine is made in obese patients and in the
presence of a long-standing ankylosis assoiated with weak, atrophie muscles,
in order to prevent ewcessive joint Iasity, A single spica cast, extending from
the taes to above the iliae crests is applied, a large window being removed
anteriorly to allaw for postoperative swelling, At the end of two weeks, the
cast is changed, the new east extending from high inthe groin to the toes, with
hinges incorporated at the Kuce.

Rapid development of motion is nat enconraged, the development of motion
not to exceed 80 degrees at the end of one month and 40 degrees of motion by the
end of two months being considered optimum. Should motion be developed toa
rapidly, the atraphic ligaments may be overstretehed, and the osteoparatic
articnlar surfaces may be compressed, therehy inereasing the joint space, causing
irrepularity of the articular surface, and thus decreasing the stability, In re-
developing muscle power, attention must be paid o the hnee flexors as well as
extensors. For strength and pl tension is jal, and a
ronge of flexion of 860 to 80 degrees is to be desired.

If, at the end of six weeks after operation, the joint is stable and muscle power
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is good, the splint is removed and walking is allowed in a long leg brace with a
control dial at the knee joint to permit a gradual increase of motion. In the
presence of excessive osteoporosis, weight-bearing should be partially relicved
by the addition of a Thomas ring to the brace. Full weight-bearing is not per-
mitted until the bone structure approaches normal and good power has been
developed in the quadriceps. Muscle re-education and strengthening exercises
are continued until maximum power is restored.

PANANKYLOSIS OF THE KNEE 1¥ AcUTE FLEXION

If the Hexion deformity of the knee exceeds 60 degrees, a two stage procedure
is indicated. In the first stage, the ankylosis is broken up and the deformity is
corrected so that weight can be borne in a good functional position. The
osteotomy is performed through a pc lateral incision, and if y a
posterior capsulotomy is done. If there is difficulty in obtaining correction of the
deformity, either skin or skeletal traction, in a Thomas-type splint with Hodgen’s
attachment, is employed postoperatively. As soon as the deformity is corrected,
a long leg cast is applied with the knee in extension. After six weeks, weight-
bearing is begun in a brace and is continued until the soft tissues and bone are
sufficiently normal to permit arthroplasty as deseribed for cases of panankylosis
in extension.

PATELLOFEMORAL ANKYLOSIS

The perst of a normal tibjofe 1 articulation in the presence of patel-
lofemoral ankylosis is rarely encountered. In such an instance, excision of the
patella is preferable to arthroplasty. Usually, in the presence of a patellofemoral
ankylosis, there is sufficient disturbance of the femoral and tibial articular sur-
faces to warrant a complete arthroplasty, as described above. It is the consensus at
our clinic that partial and hemiarthroplasties are rarely successful, and that a
complete arthroplasty offers a much better outlook.

TIRIOFEMORAL ANKYLOSIS WITH A FREELY MovABLE PATELLA

This situation is likewise rarely seen. It may occur as the result of an acute
intectious arthritis but it will more often be found to follow a rather severe
osteomyelitis with direct extension into the joint. In such cases, the anterior
portion of the joint becomes walled off by an inflammato: :
tects the patellofemoral compartment from infection, the patella remaining freel
movable. The indication for arthroplasty in such a case is question'lbglerelfu);

< i}

should the procedure be deemed advisable the patell: i
laterally and a routine arthroplastic e o don s retracted

sion of treatment of the patella.

ry exudate which pro-

procedure is carried out, except for omis-

Enp-RESULTS OF ARTHROPLASTY OF THE KNEX

One hundred and ninety-four arthroplasti
. ninety plasties of the knee h:
in the Campbell Clinic, according to the technic evolved l?vereeanerformea
knees have been found to resist Y o apbell. These

A the ravages of time a
more satisfactorily than fascial axthmplastiges of the hipnd i roma 1

and roentgenographic standpoint, The hips usually shos

ar much
both from a functional

W progressive degenera-
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tion, over a period of 10 to 15 years, with bony proliferation. Function decreases,
though usually not in proportion to the roentgenographic changes. On the other
hand, the degenerative and adaptive changes following arthroplasty of the knee,
with few exceptions, are found to become static five to seven years after opera-
tion. During the first three years after operation, the joint is in a changing state
and does not develop its ultimate degree of motion, stability, or function. After
the initial adaptive changes and “settling down” of the joint surfaces, a certain
amount of absorption and residual incongruity remains, though this is usually
within tolerable limits and is of no real importance. For the next two to three
years, muscular control and motion continue to improve so that the knee is found
to reach its peak function five to seven years after operation. Thereafter the func-
tional result and the roentgenographic appearance remain stationary for an
indefinite period of time (Fig. 7). The eventual functional capacity of the knee
joint will depend on the ability of the patient to develop muscle control in order
to extend the knee strongly and to stabilize the joint in extension. Many patients
with poor function at the end of two years had excellent results at the end of five
or six years.

The average arthroplasty of the knee has been found to have motion of 60
to 70 degrees, usually associated with a grating of the patella which becomes
painful after excessive use. When the muscles are relaxed and the joint is
slightly Hlexed, there is ordinarily considerable instability, but when the muscles
are contracted and the knee is in extension, little instability is present. These
patients can walk very well on level ground, having a barely perceptible limp,
but may not be able to go up and down steps in a normal manner. Those with
greater ranges of motion, may negotiate stairs in a normal manner by raising
themselves on the toes of the normal side.

A recent analysis of long-term results made by Speed and Trout has con-
firmed the above facts. It has shown that a satisfactory knee joint can be recon-
structed by arthroplasty and that this joint will withstand ordinary daily use
quite well for an indefinite period of time. Two of the most satisfactory results
encountered in this study were in patients 22 and 26 years after operation.

ARTHROPLASTY OF THE HIP

Before the development of the vitallium mold arthroplasty of the hip by Smith-
Petersen, fascia was universally used as the interposing medium of choice. In gen-
eral, the results were satisfactory, though absorption and wearing awa. ofgthe
head and neck of the femur were frequent sequelae. The vitallium mo]g arthro-

plasty results in a more stable hip, absorption of bone occurs much less fr

ib: uentl
and to a lesserA degree, the stability of the hip is greater, and, unelgss (hi
acetabular margins undergo proliferative changes, the range of motion is at least

equal to or greater than that resulting from fascial arthroplasties

Approximately 275 fascial arthroplasties have been perfi
Ap n . ormed at th
Clinic, bul_smce 1842 the vitallium cup has supplantl;d the fasz.:al t;p(;a:flpbell
:ﬁduxt}s‘. (Iit és .ttolbe emphasized, however, that the Smith-Petersen procedureplz-ﬁ.

ough detinitely superior to the fascial type, must also be foll led
and meticulous Ppostoperative rehabilitation, Until the surg:os“;xezi t}’]};; eet:x;d
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sive experience with many cases, the exact technic of the operation and system
of after-care as outlined by Smith-Petersen should be followed. Many of the
inferior results obtained from this procedure are due to a departure from Smith-
Petersen’s technic, which has been gradually evolved with an experience dealing
with 620 patients and 745 hips.

Tecnnie (Sarri-PETERSEN )

In order to perform the procedure properly according to this technic, adequate
exposure of the anterior and medial aspeets of the acetabulum, as well as of the
medial side of the femoral liead, is essential, Exposure of the base of the femoral
neck and of the trochanteric region is not ordinarily necessary and is to be
avoided if possible, Both joint surfaces are reconstructed to give a congruous
and mechanieally correct joint,

Fic. 8.~Incision employed in the Smith-Petersen approach to the hip.
(Speed, ]. S., and Smith, IL. [Eds.]: Campbell's Operatice Orthopedics. C. V. Mosby Co , 1949.)

The anterior iliotemoral approach is employed, the skin incision beginning at
a point on the iliac crest about 3 inches posterior to the antcrior superjor spine
and extending distally along the medial border of the tensor fasciae latae (Fig. 8).
The incision terminates at a level upproximately 2 inches distal to the lesser
trochanter, so that more deeply the distal extent of the approach will be at the
level of the motor fibers of the femoral nerve to the rectus femoris muscle. The
superficial fat and fascia are incised and the femoral fascia between the sartorius
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and tensor fasciae latae is defined. By incising the femoral fascia between these
two muscles, a cleavage plane between the posterior surface of the sartorius and
the anterior surface of the iliopsoas as it emerges from beneath the inguinal
ligament is Jocated and developed by blunt dissection.

The plane of cleavage between the external abdominal oblique muscle medially
and the gluteal muscles laterally is located and an incision is made through the
deep fascia and periosteum to bone. By subperiosteal disscction, the attachments
of the abdominal muscles, sartorius, and inguinal ligament are freed and retracted
medially, and the gluteus medius, tensor fasciae latae, and gluteus minimus are
freed and retracted laterally, thereby exposing the anterior third of the ilium
(Fig. 9).

The origin of the sartorius contains little tendinous tissuc and tends to fray,
thereby making for a precarious reattachment of the muscle during wound
closure. To obviate this difficulty, Smith-Petersen advises that a small portion of
the tensor tascin be allowed to remain attached to the proximal end of the
sartorius.

The deep ilinc fascia is now divided between the main and acetabular origins
of the iliacus muscle. The motor fibers of the femoral nerve to the rectus muscle
are exposed; they are surrounded by fat and lie on the anterior surface of the
iliacus muscle, just beneath the iliac fascia as it merges into the deep femoral
fascia.

Attached to the anterior inferior iliac spine, which is now exposed, are the
direct head of the rectus femoris muscle and the acetabular erigin of the iliacus
muscle medially and the reflected head of the rectus femoris laterally, the latter
lying concealed in the supra-articular fat compartment. The iliopsoas is retracted
medially, exposing the anterior and inferior portions of the hip joint capsule. The
sheath of the rectus muscle is preserved and the muscle itself is not dissected
out. The rectus muscle and the acetabular origin of the iliacus muscle are divided
close to the anterior inferior iliac spine and are reflected laterally with the limbs
of the Y-ligament of Bigelow and the capsule (Fig. 10).

The anterior acetabular wall and the inferior half of the anterior inferior iliac
spin'e are now excised, following which the remnants of the fibrous portion of
tlfe joint capsule and the synovium are removed, care being taken to protect the
distal attachments of the capsule which are the points of entrance of the blood
supply to the head and neck of the femur. By this osteotomy, the anterior aspect
of. the hea'd_and neck are exposed and dislocation of the hip can be accomplished
with a minimal degree of trauma.

If bony ankylosis is complete and the original joint line is com
ated, it will be necessary to fashion 2 new femoral he:
hip. For this, special curved gouges having a concavii i
normal joint curve are used. Thge n%:w joint ]Ei;ne is complZeIc;r::tSIi;:g;ni {)oefthe
any attempt is made to dislocate the joint. If the old joint line is not c§m ) 0;":
obliterated, it will be possible, by the use of a gouge with the same L
of the femoral head, to follow the old joint line exactly, ch gl as»that
by the gouge as it is struck b idi ¥, changos of pitch emitted

y the goug is struck by the mallet guiding the surgeon as to the correctness

of the path of the gouge. If the ankylosis i L 9
by use of the sam%: gEUge. ¢ aniylosis s fbrous, the joint surfaces are separated

pletely obliter-
ad before dislocating the
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sive experience with many cases, the exact technic of the operation and system
of after-care as outlined by Smith-Petersen should be followed. Many of the
inferior results obtained from this procedure are due to a departure from Smith-
Petersen's technie, which has been gradually evolved with an experience dealing
with 620 paticents and 745 hips.

Tecunte (Sxrmm-Prrenrsey )

In order to perform the procedure properly according to this technic, adequate
exposure of the anterior and medial aspects of the acctabulum, as well as of the
medial side of the femoral head, is essential. Exposure of the base of the femoral
neck and of the trochanteric region is not ordinarily necessary and fs to be
avoided if possible. Both joint surfaces are reconstructed to give a congruous
and mechanically correct joint.

Frc. 8.~Incision employed in the Smith-Petersen approach to the hip.
(Speed, J. S., and Smith, 11. [Eds.): Campbell's Operatice Orthopedics. C. V. Moshy Co., 1949.)

The anterior iliofemoral approach is employed, the skin incision beginning at
a point on the iliac crest about 3 inches posteriar ta the anterior superior spine
and extending distally along the medial border of the tensor fasciac latae (Fig. 8).
The incision terminates at a level approximately 2 inches distal to the lesser
trochanter, so that more decply the distal extent of the approach will be at the
level of the matar fibers of the femaral nerve to the rectus femoris muscle. The
superﬁcia\ fat and fascia are incised and the femoral fascia between the sartorius
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The reconstruction of the femoral head and the acetabulum will depend on the
pathology present. In general, the following principles are applicable: The
anterior and inferior rims of the acetabulum (the pubic portion of the aceta-
bulum) can be excised without sacrificing stability of the joint. The acetabulum
should be deep for stability; posteriorly, the bone excision may be gencrous. The
timbs of the cotyloid notch are always sacrificed and, if necessary, a portion of
the iliopeetineal eminence may be excised. The semilunar surface of the
acetabulum and the floor of the acetabular fossa are removed. When using the
ball and cup reamers, care is used to maintain a directional congruity of the
joint surfaces so that, for exvample, a valgus acetabulum and a varus femoral head
will not result (Fig. 11). From time to time, as the remodeling of the head
progresses, the hip should be reduced in order to be certain that satisfactory
bony relationships are being obtained. If the underlying bony process necessitates
the formation of a valgus type of hip, the acetabulum must be made unusually
decp posteriorly, since in this type of hip flexion and extension take place chiefly
between the acetabulum and head. In general, a long neck and a deep acetabulum
are preferable, giving a mechanically better hip. A short neck should be asso-
ciated with a relatively shallow acctabulum, while a varus hip will require the
sacrifice of more bone from the depths of the acetabulum. If the short external
rotators are contracted, it may be necessary to divide them in order to allow
adequate internal rotation of the hip without excessive deepening of the aceta-
bulum. 1t is desirable to maintain a normal ci ferential measurement of the
femoral head if practicable. The oversized head should be re-formed in proper
anatomic relationship to the neck, Smith-Petersen insists that no cartilage should
be allowed to remain on either articular surface, regardless of its condition.

The selection of the proper vitallium mold and its fitting on the head of the
femur and in the acetabulum are important parts of the procedurc. The mold
must not fit snugly on the femoral head or fit so firmly in the acetabulum that it
is grasped by the acetabulum. The edge of the mold must extend beyond the
margins of the acetabulum in all positions. The mold, on the other hand, should
fit the femoral head well enough so that the mold moves with the femur in
abduction, adduction, and in part of flexion.

The anterosuperior spine and adjacent crest are excised to facilitate suture
of the abdominal muscles and fascia to the gluteal muscles and fascia without
tension (Fig. 12). This results in no disability or deformity of the pelvis. The
direct head of the rectus muscle is sutured to the reflected head when it has been
possible to preserve the latter; otherwise, it is sutured to the central tendon of
the gluteus minimus muscle. The deep and superficial fascial layers are approxi-
mated by interrupted sutures in layers,

Detans o Surcicar TREATMENT 1N SPECIAL CONDITIONS

_Malum Coxae Senilis. The problem here is one of deepening the acetabulu;
since the usual finding is a shallow acetabulum, located in a relatively Iatemi
pla.ne. The head will require complete remodeling, since it is malsh: ; o
being “mushroom” in contour, with
sclerosis of bone and erosion of cart

g aped, often
spur formation at its periphery and with
ilage. The synovial lining of the capsule,
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which is usually thickencd and villous, is excised. In gencral, the results are quite
satisfactory in this group of cases.

Rhicumatoid Arthritis. In this condition, the problem is cntirely different from
that of the malum coxae senilis type of hip. In addition to ankylosis of varying
degree, there is extreme bone atrophy and the muscles are atrophic, fibrotic, and
inclastic, Increasing expericnce in the surgery neecssitated by rheumatoid arthritis
has convinced Smith-Petersen that it is not necessary to wait until the discase
process is entirely quiescent or has “burned itself out” before proceeding with an
arthroplasty. Rather, when it becomes cvident that an arthroplasty will be re-
quired, the procedure should be donc as soon as the general condition of the
patient can be readied for surgery. Early restoration of motion to the joint will
allow the atrophic muscles to resume function and prevent secondary fibrosis.
Actually many patients will show general as well as local improvement after
such an operation, which allows increased activity and ambulation.

Sartorius M.
Osteotomized Antllicc Crest :

Gluteus Minimus

covered by Gluteo! Fascio Rectus M.

Tensor Fascioe Latae

[P T T T

- . [

Fi6. 13.—Resection of a portion of the anterior iliac crest, i i
: , includ; i jor ik
" spine, permits wound closure withont tenan, T T SUPeHor lae
(Speed, J. 5., and Smith, H. {Eds.]: Campbell's Operative Orthopedics. C. V. Moshy Co., 1949.)

In performing an arthroplasty on this type j
> n B of hip,
bor;e is carried out and a large vitalliuntxygnold isI:.x
surface is in contact with the atrophic bone of
treatment (to be described later)P el
presence of bone atrophy.

Botl surgeon an e patient sho recognize a utset i cases
oth the surgy d the tient should gniz lkheolstnsuch as

that one or more revision. S T rst serti kes i
s may be necessa he fi on makes it
ry. e first mold inse: K
possible to stretch taut and contracted tissues, to redeve]op wasted muscl] and
ast es, an

wide excision of acetabular
sed so that a large metallic
etabulum. The postoperati

h > : N Tative
is not altered in this type of case desﬁite the
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Fre. 14.—Vitallium mold arthropl of the hip for 1 g anthntis; excellent function and

freedom from pain.
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Fic. 15.~Vitallinm mold erthroplasty for hypertrophic arthritis. Poor result with Eimutation of

smotion and pain due to fixation of the mold in the acetabulum. Note the prohiferative cuff of

bone extending from the acetabulum over the mold, This patient should have a revision of
the asthroplasty.
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to construct the clements of a new joint, The purpose of secondary operations is
to remadel the joint surfaces and to correct subluxation or faulty relationship of
the head, mold, and acetabulum when required.

Revision is indicated in a relatively high percentage of cases of mold arthro-
plasty done for this condition. Quite often revision will result in marked improve-
ment in function and decrease in pain. Usually, in addition to removal of bony
spurs and ledges from the acetabular margin and cven from the neck of the
femur at the periphery of the mold, remodeling of the acctabulum is necessary
in order to change its plane and to make it more roomy; this is followed by
insertion of a larger mold. If a change in the relationship of the mold to the head
is indicated, remodeling of the femoral head itself will be necessary.

The role of cortisone in obtaining a remission so that an arthroplasty can be
done, and in preventing postoperative fibrosis and new bone production is not
yet established. Limited experience at the present, however, indicates that it
may have a most favorable influence on these surgical problems as well as in
preventing the progress of the discase.

Complications of Fractures of the Neck of the Femur. Where union of the
fracture has been obtained but an aseptic necrosis of the femoral head has fol-
lawed, a routine arthroplasty may be performed as deseribed for cases of malum
coxae senilis, providing the aseptic necrosis is of a relatively slight degree. If the
neerotic area is more cxtensive, the arca of necrosis is excised down to viable,
bleeding bone and the defect is filled with cancellous bone obtained from the
iliac crest. Smith-Petersen terms this the “rosebud” procedure and advises that
the defect be packed sufficiently to allow the grafts to protrude slightly above the
surface of the femoral head itself. This modification can be successfully employed
even where the sequestral defects are large. If the femoral head cannot be sal-
vaged, a modification of the Whitman procedure is indicated, employing a
vitallium mold and transplanting the greater trochanter distally.

Where there is a nonunion of the fracture with an aseptic necrosis of the
femoral head, modifications of the mold arthroplasty are indicated. If sufficient
femoral neck remains, the greater trochanter is transplanted distally on the femoral
shaft and a modified Whitman reconstructive procedure is performed, using a
vitallium mold. Where the neck of the femur has undergone complete resorption,
a modification of the Colonna operation is a more satisfactory procedure, the
greater trochanter being transplanted into the acetabulum and covered by a
;?old. Such a procedure often results in relative instability and weakness of the
h }l][(: s:c(el::‘t) t}lxe msexftmnt of (;h:i z;bductar muscles must be dis?laced downward and
roof. The dl;f:l; t1"00 extende aterally by means !af a vertical osteotomy of the

. is filled with cancellous grafts obtained from the crest of the ilium.

AFTER-CARE

The extremity is suspended in a modified Thomas splint, using 5 to 8 pounds
of traction and maintaining the hip in 20 degrees of abduction and in
of neutral or slight internal rotation. The splint slings are purposel
in order to control external rotation. In the exceptional case, 2
be placed along the lateral aspect of the trunk and extremity’
adduction. Traction is continued ordinarily for four w

a position
made deep
a plaster slab may
in order to prevent
eeks, except in elderly
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Fic. 14 —Vitallium mold nrthropl. of the hip for 1t
freedom from pain,

id arthritis; excellent function and

Frc. 15—Vitallium mold arthroplasty for hypertrophic arthritis. Poor result with limitation of
motion and pain due to fixation of the mold in the acetabulum. Note the prohferative cuff of
bone extending from the acetabulum over the mold. This patient should have a revision of
the arthroplasty,
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patients and in those eases where an arthroplasty of the opposite hip is to be
performed during the same hospital admission.

Muscle-setting excreises and gentle active motion are begun the day following
operation and are increased as tolerated by the patient. The muscle exercises
include quadriceps muscle development, internal rotation excreises of the hip,
and exercises for the muscles of the foot and ankle. The patient may be allowed
partial back-rest privileges for short periods of time, but these are discontinued
if any evidence of hip flexion contracture appears.

Roller skating on the polished board is begun late in the fourth or early in the
ffth week, the hip being maintained in a position of neutral rotation. Active
abduction §s encouraged with progressive resistance in abduction afforded by
controlled pulley and weight resistance and by clevation of the outer end of the
board,

The patient is usually allowed eut of bed in the fourth week, though occasion-
ally it may not be permitted until the sixth week. First, he is allowed to sit a few
minutes in a firm, high armchair, being assisted from the bed to the chair by two
attendants, While sitting, he should perform exercises for dorsiflexion and plantar
Hexion of the ankle as well as for internal rotation of the hip. Positional external
rotation is to be avoided.

Exercise on the stationary bicycle is begun before walking, This form of exer-
cise provides active and passive strengthening of the hip flexors and extensors
as well as stretching exercises in flevion. The seat may be lowered or raised as
indicated to increase flexion or extension. Toc straps should be used to fix the
feet to the pedals so that the patient can pedal backward; by pulling up against
the pedal, strengthening exercise for the iliopsoas is obtained. In the event that
the patient is unable to go through a complete revolution of the pedals, bicycling
with a seesaw motion is beneficial. Smith-Petersen also recommends that the
patient rock in a rocking chair, as this has an cffect similar to that of bicycling.
It should be stressed that exercises should not be carried out to the point of
excessive fatigue.

The patient is ordinarily allowed to begin walking in the ffth week. Initially,
this is done with the assistance of the surgeon and ouly partial weight-bearing on
the affected extremity is permitted. When he obtains sufficient balance and
stamina, the patient is taught to walk in a mechanical walker. Crutches are not
employed until the patient can adequately control the extremity and has sufficient
strength to walk with confidence, Walking with crutches is generally continued
for six months, the patient being checked periodically to ascertain that his
crutch gait is correct.

After discharge from the hospital, usually six to eight weeks after operation
in the unilateral case and eight to 10 weeks in the bilateral case, the patient must
report for periodic check-ups. He is placed on a specific routine of rest and exer-
cise, including bicycling, roller skating exercises, walking, and rocking in a
tocking chair. Stretching exercises are given, particularly to increase the range
of motion and to strengthen the power of abduction, internal rotation, and flexion
:}nd extension of the hip. Gentle stretching in flexion, extension, abduction, and

internal rotation is done two to three times daily in order to increase the ;an o
of motion and build up the patient’s strength and endurance. &
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pression, however, of those who have used the procedure is that in properly
selected cases it is a satisfactory methad. 1t is adapted to cases of malum cosae
senilis, residual stages of deformity of slipped femoral epiphysis, and coxa plana,
and the approach may be used in preference to the posterior gluteal splitting
procedure for open reduction and internal fixation of posterior fracture-disloca-
tions of the hip.

Technic {Gibson). The patient is placed in the lateral position, Kidney sup-
ports, a hip “trough,” or properly placed and anchored anterior and posterior
sandbags being used to maintain him in this position during the operation. The

Fie. 17.—Posteror approach to the hip (Gibsen). The skin incision is shown in relation to the
bony Landmarks,
(After Gibson, A : J. Bone ¢ Joint Surg., 32B:183, 1950.)

Incision begins at a point just below the crest of the ilium, overlying the interval
between the gluteus maximus and medius muscles, and extends downward to
t?le upper anterior border of the greater trochanter and thence distally along the
l.me: of the femur for 6 inches (Fig. 17). The skin and subcutaneous fat are
incised down to the fascia and the flaps are reflected a short distance anteriorly
and posteriorly by blunt dissection. The iliotibial band is incised at the distal
e“d_ of the wound, the incision extending proximally in line with its fibers, In the
region of the greater trochanter, the gloved finger is inserted in the proximal end
of the incised iliotibial band and the sulcus at the anterior border of the gluteus
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The patient who has had a mold arthroplasty must be made to understand
thoroughly that a prolonged period of follow-up is necessary, since an end-result
cannot be said to have been reached even after 10 years, At first, the complaints
of the patient may be referable to a faulty gait or overuse, while Jater structural
changes, such as bony proliferations at the periphery of the joint, eveessive
deepening of the acetabulum, or locking of the mold within the acctabnlum, may
be the cause of increasing pain or limitation of motion, All complaints must be
carctully evaluated and should revision of the arthroplasty be indicated, the
surgeon should do it without hesitation since such revisions often result in greatly
increased function and decreased pain.

ForLow-up Stupy (Law)

Law, in a thorough stady of 150 cases of vitallivm mold arthroplasty performed
by Smith-Petersen, found 80 per cent of the late results satisfactory to both
patient and surgeon. The results varied somewhat with the noderlying condition
necessitating operation, and, in general, the best results were obtained in cases
of traumatic arthritis and malum coxae senilis, while the poorest results were
found among patients with theumatoid arthritis. In the latter group, however,
the results more than justified the procedure in that bedridden patients were
enabled to walk with crutches, sit comfortably, and often to earn a living.

The majority of these patients found a cane necessary for distance walking.
The average range of flexion movement was 70 degrees during the first two post-
operative years, 75 degrees during the next two years, and from four to siv
years postoperatively the average range of flexion was 80 degrees. In general,
hip movement was smooth and free from pain, permitting an elastic and well
balanced gait. Law stresses the importance of a carefully supervised program of
exercise and gait re-education during the first two years after operation.

Late avascular necrosis and absorption of the femoral head and neck, so fre-
quently tound in fascial arthroplasties of the hip, were rare. This, Law feels, is
due to the routine remodeling of the femoral head down to bleeding cancellons
bone, 1t would seem, however, that the vitallium mold plays an important role in
preventing such plications. At the Campbell Clinie, it has been routine to
remodel the temoral head sufficiently to expose bleeding cancellous bone, but in
spite of this precaution, absorption occurred frequently following fascial arthro-
plasty of the hip.

Tue Gmson MosiFicaTion oF Syrmir-Perensen’s Vitaruion Mown Teennic

In 1948, Alexander Gibson of Winnipeg presented a modification of Smith-
Petersen’s mold asthroplasty which is particularly applicable to cases of hip
joint disease wherein the acetabulum remains relatively normal. This operation
is performed through a modification of the Kocher-Langenbeck approach, one
discarded and long forgotten by the vast majority of orthopedic surgeons on
this continent. The app is simple, ible, and almost bloodless, and
because it is unnecessary to detach the gluteal muscles from the ilium or inter-
fere with the function of the iliotibial band, postoperative rehabilitation is
prompt. Since the end-resuits have not been reported from any large series of
cases, no final evaluation of the procedure can be given, The preliminary im-
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pression, however, of those who have used the procedure is that in properly
selected cases it is a satisfactory method. It is adapted to cases of malum coxac
senilis, residual stages of deformity of slipped femoral epiphysis, and coxa plana,
and the approach may be used in preference to the posterior gluteal splitting
procedure for open reduction and internal fixation of posterior fracture-disloca-
tions of the hip.

Technic (Gibson). The patient is placed in the lateral position, kidney sup-
ports, a hip “trough,” or properly placed and anchored anterior and posterior
sandbags being used to maintain him in this position during the operation. The

Fic. 17.—Posterior approach to the lup (Gibson). The skin incision is shown m relation to the
Lony landmarks.

{After Gibson, A : J. Bone & Joint Surg,, 32B:183, 1930.)

incision begins at a point just below the crest of the ilium, overlying the interval
b}ft\veen the gluteus maximus and medius muscles, and extends downward to
;i :eu‘[;ipt;; ax}tcrior border.of the grt,tatcr :rochanter and thence distally along the
e ot doc emur for 6.mches (Fig. 17). The skin and subcutancous fat are
ot Pos‘e:\imlto }:}w fascia :‘md ﬂ'xc flaps are reflected a short distance anteriorly
od ot ‘(‘Jlry dy blu'nt 'd.lssechon. "I‘he iliotibial band is incised at the distal
region of 'heoun , the incision extending proximally in line with its fibers. In the
o greater trochanter, the gloved finger is inserted in the proximal end

ncised iliotibial band and the suleus at the anterior border of the gluteus
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The patient who has had a mold arthroplasty must be made to understand
thoroughly that a prolonged period of follow-up is nceessary, since an end-result
cannot be said to have been reachied even after 10 years. At first, the complaints
of the patient may be referable to a faulty gait or overuse, while later structural
changes, such as bony proliferations at the periphery of the joint, excessive
deepening of the acctabulum, or locking of the mold within the acctabulum, may
be the cause of increasing pain or limitation of motion. All complaints must be
carefully evaluated and should revision of the arthroplasty be indicated, the
surgeon should do jt without hesitation since such revisions often result in greatly
increased function and decreased pain.

ForLrow-ur Stupy (Law)

Law, in a thorough study of 150 cases of vitallium mold arthroplasty performed
by Smith-Petersen, found 80 per cent of the late results satisfactory to both
patient and surgeon. The results varied somewhat with the underlying condition
necessitating operation, and, in general, the best results were obtained in cases
of traumatic arthritis and malum coxac senilis, while the poorest results were
found among patients with rheumatoid arthritis, In the latter group, however,
the results more than justified the procedure in that bedridden patients were
enabled to walk with crutches, sit comfortably, and often to carn a living.

The majority of these patients found a cane necessary for distance walking.
The average range of flexion movement was 70 degrees during the first two post-
operative years, 75 degrees during the next two years, and from four to six
years postoperatively the average range of flexion was 80 degrees. In general,
hip movement was smooth and free from pain, permitting an clastic and well
balanced gait. Law stresses the importance of a carefully supervised program of
exercise and gait re-education during the first two years after operation.

Late avascular necrosis and absorption of the femoral head and neck, so fre-
quently found in fascial arthroplasties of the hip, were rare. This, Law feels, is
due to the routine remodeling of the femoral head down to bleeding cancellous
bone. It would seem, however, that the vitallium mold plays an important role in
preventing such plicati At the Campbell Clinic, it has been routine to
remodel the temoral head sufficiently to expose bleeding cancellous bone, but in
spite of this precaution, absorption occurred frequently following fascial arthro-
plasty of the hip.

Tue GissoN MODIFICATION OF SMITIL-PETERSEN'S VITALLIUM Morb TECHNIC

In 1948, Alexander Gibson of Winnipeg presented a modification of Smith-
Petersen’s mold arthroplasty which is particularly applicable to cases of hip
joint disease wherein the acetabulum remains relatively normal. This operation
is performed through a modification of the Kocher-Langenbeck approach, one
discarded and long forgotten by the vast majority of orthopedic surgeons on
this continent. The app h is simple, ible, and almost bloodless, and
because it is unnecessary to detach the gluteal muscles from the ilium or inter-
fere with the function of the iliotibial band, postoperative rehabilitation is
prompt. Since the end-results have not been reported from any large series of
cases, no final evaluation of the procedure can be given. The preliminary im-
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intertrochanterfe line; as much of the capsule as desited may be incised along
the joint Mne anteriorly and the anterior intertrochanterie line laterally. If an
osteophiytic enff s present along the acctabular margin, this is removed with an
osteotame to factlitate distocation of the hip. The hip is now easily dislocated by
flexing the hip and knee and adducting and externally rotating the thigh,

The acctabutum §s carefully fnspected for Joose fragments of bone and for
surface irregularity, 1f the acetabulum is smooth, it is not disturbed, even though
areas of erosion and eburnation may he present. Adequate excision of any hony
outgrowth of the rim of the acetabulum is now completed and attention is
turned to the femaral head.

Fic, 19._Posteriar approach to the hip (Gibson). The short muscles are detached from the
greater trochanter and retracted, exposing the capsule. The capsular incision is shown,
(ARer Gibson, A.. J. Bone & Joint Surg, 32B:183, 1950.)

'l_'he temoral head is deled with an » its globular shape being
maintained, Any marginal ostcophytes are removed, the soft tissues of the necﬁ
Of the femur being protected as completely as possible in order to preserve the
c‘rt'u'l:nion of the head of the femur. A cup reamer is used to complete the re-
shaping of the femoral head (Fig. 20).

A vitallium mold is now selected which will move smoothly and easily in the
Acetabulum as well as on the head of the femur. The hip is now reduced by in-
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musele is palpated. The incision is then extended upward in this interval.
The antetior and posterior masses are then reflected, exposing the greater
trochanter and the muscles inserted into it, namely, the gluteus medius, gluteus
minimus, piriformis, obturator internus, gemelli, obturator externus, and quadratus
femoris (Figure 18). During this dissection 2 minimal amount of bleeding is

encountered.

Cluteus
Maximus

Piriforms,

Short
ext rof.
muncles

Quad. ——
Fem,

|

Vastus tet,

Fic. 18.—Posterior approach to the lup (Gibron). The fascia lata and the gluteal fascia are
incised. The gluteus mavimus with af i I ion is retracted. The muscles attaching
to the greater trochanter are exposed.

(After Gibson, A.: J. Bone & Joint Surg., 32B:183, 1930.)

The posterior border of the gluteus medius is then defined and the muscle is
separated from the adjacent piriformis tendon by blunt dissection. The gluteus
medius and minimus muscles are incised at their insertion into the greater
trochanter, sufficient portions of the tendons of insertion being left attached to
the greater trochanter to permit easy approximation during closure of the wound.
Both of these muscles are reflected forward. The tendon of insertion of the piri-
formis muscle is defined and divided, If necessary, the short external rotators may
be separated at their insertion, but it is rarely necessary to detach the quadratus
femoris from the temur (Fig. 19).

The joint capsule, now visualized in its anterior and superior portions, is incised
supen‘orly in line with the neck of the femur, from the acetabulum to the
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A B

Fic. 21.—Vitallium mold arthroplasty, Gibson difi {A) Preoperati pp e

(B) Postoperative appearance. Note removal of the acetabular spurs, but the acetabulum is
not otherwise disturbed.

TEMPOROMANDIBULAR ARTHROPLASTY

Arthroplasty of the temporomandibular joint is the one mobilizing procedure
which has virtually no contraindications, since the disability is distressing and
embarrassing as well as one which interferes with eating and oral hygiene. The
first report of an excision of the condyle of the mandible for relief of ankylosis of
the jaw is that of Humphrey, published in 1856, Bottini is said to have approached
the temporomandibular joint through a vertical incision in front of the ear in
1872. In 1880, Robert Abbé of New York employed an approach to the joint
through a right-angled incision, the vertical limb lying just in front of the ear
and the horizontal limb extending along the lower border of the zygomatic arch.
The various interposing membranes have been tried and discarded in favor of
simple bone resection, which requives less time, a smaller exposure, and is an
easier and less hazardous procedure. It is just as effective as fascial arthroplasty,
provided sufficient bone is excised and the raw bone ends are kept separated
until the muscles have regained their function.

The procedure is indicated in fibrous and bony ankylosis of one or both
temporomandibular joints and in cases of internal derangement, including re-
carrent ior\.vaxd dislocation. The majority of cases of ankylosis are the result of
T::;tl?r:;,ex(};e’r Zznk;altoos;gscr:)(;u?o;n origin‘or fm'm local extension of an adjacent

3 g standing will result in underdevelopment of -
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ternally rotating and abducting the thigh and extending the hip. Gibson advises
resuture of the flap of capsule, but in many instances excision of the capsule is
necessary because of synovial involvement. The gluteus medins and mintmus
museles are sllowed to fall back into position and are sutured to their tendons
of insertion with interrupted sutures. Thie pisiformis is next approdmated. I
division of other short hip museles has been necessary, these are also resutared.
The gluteus maximus muscle and fascia lata are apy d with a i
suture.

Fre. 20.—Fostericr approacht to the tup (Qibson), The fip 15 dislocated. Note the cxpasure of
the femoral head and acetabulum sffarded by this approach,
{After Gibson, A - J. Bone & Jaine Sueg, 328.183, 1950.)

Downward transplantation of the greater trochanter is easily performed when
necessary. If the necessity of this is recognized prior to operation, the greater
trochanter may be separated with a Gigli saw or osteatome, preserving the bony
attachment of the short sotator muscles. During closure, the vastus lateralis
rmuscle is split and the trachanter anchored distally, the fascia of the trochanteric
museles being imbricated with the fascia of the vastus Jateralis, so that not only
is the trochanter jtself displaced distally, but the muscle mass of the two groups
is blended.
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Tecnyic (Cartrneny)

A horizontal incision is made, beginning at a point % inch in front of the
external auditory canal and extending forward nlong the lower border of the
zygomatic arch for a distance of 1 inch. Dissection is carried down to the zygoma
and thenee down to the temporomandibular joint. 1f greater exposure is NCCESSALY,
the incision is extended either upward or downward in front of the car at a right
angle to the first incision. Posteriorly, the superficial temporal artery and vein
ascend just in front of the tragus, panied by the auri ] p 1 nerve,
while anteriotly, the temporal branches of the facial nerve must be avoided.

The upper ¥ inch of the condyloid process of the mandible and the inferior
and laternl surface of the zygomatic arch are exposed subperiosteally. The
condyloid process is then divided with a sharp osteotome at a point about ¥ inch
below its articular surface. If the ankylosis is fibrous, the condyle is removed by

Fic. 22.~Arthropt of the dibul

g joint. (A} The joint is exposed and anbyloss
n o{ % inch of the condyloid process. {(C) Joint surfaced re~R»?mt’(xl5
No fascul interposition is necessary. i

{Speed, J. 5., and Smith. H. {Eds.}: Campbell's Operatice Orthopedics. C. V. Mosby Co., 1940.)

is brokon wup. (B) Resectio

sharp dissection, care being taken not to injure the internal ilary or §
?terygoid arteries which lie just medial to t})xe joint. If the jo;:fz‘xl\i;?os(;z :?:;:3'!
it is now severed by means of an osteotome. Should one encounter difficulty 1)r;
removing the excised segment of bone, force should not be employed. In such
cases, there may be a solid fusion between the mandibular cond))’le .the buc
of the skull, and the anterior aspect of the middle ear. Forcible extmct’ion of talie
:gmiyle b); {»:\ve}l:ﬁ]xll lcve}:ing zll:d twisting can then result in a f'rac‘turc thmugie\
e base of the skull or through the tympanic i i
ﬂ?e middle ear, When such a gonditioz ispencoux:t’;;xeo(? (i)tfigxsea{:'“:gc;r:l oone e
honfof the condyle and to resect a large segment of tl,me ramus furthe:eg:“?r:ldmc_
tOAf o(:“ r:mc(:,\:? of (hci co{;dyle. the upper end of the condyloid process is rounded
to torm a o ef :\Irt cular surface and the mandibular fossa is made concave
with & cur\e | gouge. Interposition of tissue between the resected surf:
necessary (Fig. 22), The wound is drained for 24 hours after opera:;(;fxs
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the jaw in a growing person, the deformity being either asymmetric or symmetric,
depending on whether the affection js unilateral or bilateral. Malocclusion then
follows, with the lower jaw receding, When the ankylosis, cither unilateral or
bilateral, has persisted for a long period of time, the muscles of mastication will
undergo atrophy of disuse, fibrotic changes, and structural contracture. In cases
ot Striimpell-Maric arthritis in adults, the muscles may never recover their normal
contractility, but the ability to open the mouth even for a distance of % inch
is of great importance to these patients, In adults, it is frequently necessary to
operate on both joints in case of a unilateral ankylosis of long-standing since the
opposite joint may have become secondarily stiffened.

Before operating on a patient with this condition, the surgeon should determine
whether the affection is unilateral or bilateral, what type of ankylosis is present,
and what the condition of the muscles of mastication is. Ordinarily, the internal
pterygoid and masseter muscles suffer only from an atrophy of disuse and will
regain a reasonable degree of function, while the platysma, in the absence of
stronger depressors of the mandible, will serve such a function.

It is not unusual for the examiner to have difficulty in determining which of
the two temporomandibular joints is ankylosed. Generally, however, there will
be some slight motion or “give” noted in the mobile joint, despite solid bony
ankylosis of the other joint. The chin ordinarily moves toward the affected side.
The affected side is, as a rule, somewhat smaller and the facial muscles are
flatter and smaller than on the unaffected side. In many cases a helpful history
can be obtained or telltale scars may be found. Differentintion must also be
made between the extra-artienlar and intra-articular types of ankylosis. The
extra-articular type, ordinarily due to cicatricial contractures of either the cheek
or buceal surface, is treated by plastic replacement of the scarred tissue with
pliable flaps which will then release the mandible,

The question of anesthesia is an important problem in these cases, since ob-
struction of the airway during the course of operation beeomes a critical emer-
gency. Consequently, a trachcotomy set should be constantly available both
during the operation and during the period of convalescence until the patient
regains satistactory control of his jaw. In adults, local anesthesia is quite satis-
factory, but in children a general anesthetic is necessary and ample provision for
a patent airway must be made by the anesthetist.

A review of results obtained by this procedure at the Gampbell Clinic has
revealed that recusrence of ankylosis takes place quite frequently in cases of
postinfective bony ankylosis in children when the usual condylar rescction is
performed. In ankylosis resulting from rheumatoid arthritis and the variant,
Strumpell-Marie arthritis, the results have likewise been disappointing. Kelikian
has recently presented a meothod of mobilizing this joint through a superior
approach which permits a more pl of the T dibutar
area without endangering the upper branches of the facial nerve to the frontalis
muscle, This procedure will be found most useful for cases of solid bony
ankylosis and tor cases in which reankylosis has occurred beeause of a progres-
sion of the arthritic condition. On the other hand, the conventional condylar
tesection is quite satisfactory for cases of Bbrous ankylosis and for internal de-
rang! t of the joint itating resection.
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p s Keliki o J
. 23B. thropl of the dibular joint (Kelikian). The incision is dex elope
Fic. 388 " though the temporal fascia and muscle ta the skull.

(Kelikian, H.: J. Bone & Joint Surg., 32A:113, 1950.)

ing forceps placed beneath jt. The fascia divides into two layers as it nears the
zygomatic arch and between these layers lies the small middle temporal artery.
The temporal muscle is split and the larger anterior portion is reflected forward
by subperiosteal dissection, the muscle carrying forward with it and protecting
the superficial temporal vessels and the temporal branches of the facial nerve
(Fig. 23B). 1f more room is needed distally, it will be necessary to ligate and
divide the small anterior auricular artery which branches posteriorly from the
superficial temporal artery.

The superficial temporal muscle is now followed down to its insertion into
the coronoid process, and the zygomatic arch is divested of its temporal fascial
attachments by subperiosteal dissection in a forward direction. The articular
eminence of the temporal bone is next exposed. The lateral and inferior surfaces
of the articular tubercle and zygomatic arch are cleared subperiosteally, and the
temporomandibular ligament and joint capsule are excised (Fig. 24A). The
posterior root of the zygomatic arch is now severed from the temporal bone by
means of a sharp ostestome placed flush with the outer surface of the squamous
portion of the temporal bone. The lateral portion of the roof of the temporomandi-
bular joint and the articular tubercle are excised and the Zygomatic process is
divided with bone-biting forceps at the posterior edge of the masseter muscle, The
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Fic. 23A.—Arthroplasty of the temy dibular joint (Kehkian). Skin incision,
(Relikian, H.: J. Bone & Joint Surg., 32A:113, 1930.)

After-care. As soon as pain and tenderness subside, active motion is instituted,
usually within a few days after operation. The patient is initially placed on a
liquid diet which is increased to more solid foods as rapidly as possible and he
is encouraged to chew gum as a form of exercise. Physical therapy is not ordinarily
required, since the patient can satisfactorily regain the jaw function with little
ditficulty. If secandary soft tissue contracture is present, apening of the mouth
is gradually increased by the use of a cone-shaped obturator, a mouth gag, or
an increasing number of tongue depressors placed between the tecth. The latter
serves quite satisfactorily in children, since the gradual increase in the number.
of tongue depressors placed between the tecth can become a game. Passive
stretching of the mouth opening should be continued for a period of at least six
months in children and in cases where reankylosis is prone to occur.

When the mouth can be opened sufficiently, the patient shonld consult a
dentist so that any necessary dental repair or treatment can be instituted. Appro-
priate measures to restore occlusion may be instituted at this time.

Tecnnie {KeLIKIAR)

The incision begins at a point 1% inches above the ear and curves downward,
backward, and then anteriorly, descending in front of the ear but behind the
superficial temporal artery to the level of the tragus (Fig. 23A), The temporal
fascia is split from the upper to the Jower end of the incision, guided by spread-



ARTHROPLASTY 299

..... - P |

p dibular joint {Kelikian). Extent of resection required
to expose the ankylosed joint.

(Kelikian, H.: J. Bone & Joint Surg., 824:113, 1950.)

Fic. 24B.—Arthroplasty of the

disturbed, but the bony projection extending downward from it medially is
excised. All bone chips are now removed, raw bope surfaces are smoothed, and
the concavity created is packed with oxycel gauze (Fig. 25A). The temporal
fascia and skin are then closed over the oxycel pack without drainage (Fig. 25B).

1f the condition is bilateral, the second operation is performed two to three
weeks following the first procedure.

After-care. Skeletal traction (Fig. 26) is routinely employed, being applied
immediately alter operation in the unilateral case and at the completion of the
second operation in the bilateral case. Traction keeps the raw bony surfaces
separated, pulls the chin forward, and maintains it in position until healing
oceurs, and exerts resistance against which the unused muscles of mastication
can function. The Kirschner wire is inserted transversely through the point of
the chin, a small traction loop being applied. The adult with a normal cervical
spine and normal muscles can tolerate 10 to 13 pounds of traction, while in chil-
dren, 8 to 4 pounds will be sufficient. This is continued as long as tolerated,
usually at least five weeks, When the patient is allowed up, the weight is reduced
while the force of gravity is effective. In the case of the arthritic patient with
involvement of the cervical vertebrae, countertraction, consisting either of Crutch-
field tongs or the Minerva type of plaster jacket, is employed (Fig. 26).
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Fic 24A.~Arthroplasty of the temp dibokar joint {Kebhian). The temporal muscle is
retracted forward and the zygoma and temporomandibular region are exposed subperiosteally.
The dotted hine indicates the capsulac incision.

{Kelkian, H.: ]. Bone & Joint Surg., 324:113, 1950.)

articular condyle is now visualized and the exact nature and extent of the temporo-
mandibular ankylosis are determined (Fig, 24B).

The upper portion of the ramus of the mandible with its coronoid and
condylar processes is freed subperiosteally from above downward. Special care
must be used in the dissection posterior to the condyloid process and ramus so
that the external auditory canal and the tongue of parotid gland which lies
between the meatus and the condyle are not inadvertently injured. Kelikian
prefers the use of an electric burr with an acorm tip to bore several holes through
the outer plate of the condyle or ramms, connecting these burr holes with 2
rongeur or bone-biting forceps. After the inner cortex is cut, a curved pen‘osteﬂl
elevator is inserted from above downward inside the ramus to protect the internal
maxillary artery which passes just medial to the bone. The jaw is then pushed
up over the periosteal elevator and the proximal portion of the ramus of the

dible and its 1 are d bit by bit with a rongeur until a joint
space of at least ¥ inch is created.

If there is bony fusion between the ramus anteriorly and the petrous or
tympanic portion of the temporal bone posteriorly, more bone is excised from
the posterior aspect of the ramus, while in cong 1 sy s jt is y to
resect more bone from the anterior border of the ramus. The articular fossa is not
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e et ik

Fic. 25B.--Arthropl of dibul

joint. Wound closure; the shaded area demon-

strates the extent of the bone resection.
{Xelkian, H.: J. Bone & Joint Surg.,, 824:113, 1950.)

Fic. 26.-Arth f the chibull
Kuschner wire is insened transy elsely through the cl]
field to
(Kelikian, H.: J. Bone ¢ ]omt Surﬂ., 824:118, 1950.)

joint (Kelikian), Postoperative traction:
in. Countertraction by means of Crutch-
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Fi16. 35A ~Anthroplasty of temp dibular jomt (Kelikian). The new joint space is packed
wath oxycel gauze.
(Kelikian, H.. J Bone & Joint Surg, 32A:113, 1950.)

ARTHRQPLASTY OF THE ELBOW

As in the temporomandibular joint, the contraindications for arthrapl of
the elbow joint are few as compared with those for arthroplasty of weight-bearing
joints. In general, it can be said that the following are the only contraindications
of consequence: tuberculosis, ankylosis of one elbow in a laborer ar other person
who requires a strong stable elbow, and cases where there are eatensive scarring
and damage to the adjacent and overlying soft tissues. Trauma is responsible for
ankylosis more frequently in the elbow joint than in any other, primarily because
of the complicated structure of the joint itself and the relative lack of tolerance
of the joint for mechanical incongruity.

A study of the endwesults of arthroplasty of the elbow performed at the
Campbell Clinic revealed that, with few exceptions, the patients were benefited
by the operation, even though the joints almost universally showed some degree
of weakness and some instability; this is usually not sufficient to interfere with
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joi: i length
Ibow. This method of joint is employed where lengi
Fic. 3.—Adthroplacty of the ¢ "?gw of the triceps is not required.
(Speed, J. S. and Smuth, H. [Eds.]: Campbell's Operative Orthopedics. C. V. Mosby Co,, 1949.)

ulna, the radial head is excised at the level of the radial neck,
radio-ulnar articulation remains intact, resection need not be
The edges of the three bones making up the articulation are smoothed with a
small sharp osteotome and a rasp,

all bony debris is removed, and the wound is
flushed with saline. The tourniquet is now removed and hemostasis is obtained.
A sheet of fascia lata of sufficient size to cover the remodeled joint is removed

from the lateral aspect of the thigh. The fascial graft is folded in half, the rough
surface being placed on the outer side so that it will lie in apposition with bone,
The folded edge of the fascia is then anchored to the anterior joint capsule with
three catgut sutures, one suture on each side and one in the center,
portion of the transplant is reflected over the condyles of the humerus,
edges of the transplant being sutured to the adj

itself (Fig. 28). If the soft tissues are insufficient

but if the superior
quite s0 extensive,

The upper

the lateral
acent soft tissues and to the bone

t for firm anchorage of the fascia,
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ordinary activities. Pain occurs rather infrequently and usually after excessive
use. Instability is the result of bony absorption, particularly of the lower end of
the humerus, which occurs in the first few years following operation. The cause
of this absorption is not known, though it is felt that cxcess stripping of the soft
tissue attachments of the articular ends of the bone at operation is largely re-
sponsible. For this reason, excessive soft tissue denudation of bone at the time
of operation is to be avoided.

Flexion and extension can be restored to a practical degree, this range usually
being from 45 degrees of flexian to 150 to 163 degrees of extension. Attempts to
restore pronation and supination have been less successful in our hands. MacAus-
land makes no attempt to restore motion in rotation because of the possibility of
creating an unstable weak joint if this is done.

TecnNic

The posterolateral incision is considered quite satisfactory for arthroplasty of
the elbow. We have not found it necessary to use more than one ineision or an
approach in which either the olecranon is divided or the internal cpicondyle
severed. The incision begins at a point 4 inches above the ¢lbow on the posterior
surface of the arm, just lateral to the midline, and extends distally to a point 3
inches below the tip of the olccranon. The deep fascia is incised and the soft
structures are clevated medially 1 inch, exposing the triceps aponeurosis, If the
elbow is ankylosed in extension and the triceps is contracted, the triceps apo-
neurosis is dissected distally as a tongue from the triceps muscle, being left
attached to the olecranon. An incision is then made in the midline of the triceps
muscle and through the periosteum to the humerus. When the joint is ankylosed
at a position of 90 degrees, lengthening of the triceps is not necessary. In such
cases, the triceps ap osis is incised longitudinally and retracted along with
the triceps muscle (Fig. 27).

The periosteum overlying the posterolateral border of the olecranon is incised
and the expanded lower end of the humerus and the olecranon are exposed sub-
periosteally. The head of the radius is now cleared, and the ankylosis is severed
with an osteotome, It is necessary to avoid injury to the ulnar nerve, and, if
desired, the nerve may be isolated before the ankylosis is severed.

The joint is now flexed and dislocated medially, delivering the lower end of
the humerus into the wound. The anterior aspect of the lower end of the humerus
is exposed subperiosteally, this exposure being minimal in order to interfere as
little as possible with the circulation to the bone and thus prevent excess bone
absorption postoperatively. A simple monocondylar articulation is now fashioned
with an osteotome, no attempt being made to reproduce the contour of the
capitellum and trochlea. Ordinarily, sufficient bone is removed to create o %
inch joint space. Under no circamstances is resection above the condyles per-
mitted, since a disabling degree of disability will result owing to the loss of the
stabilizing influence of the condyles.

Attention is now turned to the olecranon and radius. The sigmoid cavity is
now re-tormed, using a curved gouge. If the head of the radius is fused to the
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Fic. 28.~Arthroplasty of the clbow; the operation is completed. The joint is re-formed and
fascia Jata is interposcd between the articular sutfaces of the ulna and humerus, and of the
: radws and ulna.

(Speed, J. S., and Smith, 1. {Eds.}: Campbelf's Operatire Orthopedics. C. V. Mosby Co., 1049.)

it may be fixed in position by sutares passed through small drill holes placed
through the medial and lateral edges of the humerus, which at that point are
thin and sharp.

The olecranon fossa and head ot the radius are covered by the Jower half of
the tascial transplant, forming the reflections similar to the normal joint. The
fascia is reflected between the radius and ulna, the head of the radius being
covered and the fascia anchored to it in a purse-string manner.

The joint is now reduced and the capsule is closed with interrupted sutures,
the elbow being held at a right angle. The divided edges of the triceps muscle
are approvimated with interrupted sutures and the aponeurasis is replaced, its
position in relationship to the muscle itself depending on whether lengthening
of the triceps tendon is necessary because of contracture of the muscle. In effect,
this incision permits a Z-plastic lengthening of the triceps muscle.

After-care. The elbow is immobilized in a right-angle posterior elbow splint
or long arm cast, on an abduction humerus splint to prevent rofation, for 10 ta
14 days. When wound healing is pl the abduction | splint is dis-
carded, and the elbow splint or cast is remaved. The arm is left free for periods
of one to two hours three to four times a day, so that active exercise can re-
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Trensie (Fownn)

A longitudinal dorsolateral incision approximately 2 inches in length is made
in the interval hetween the interosseous and extensor tendons. The extensor
tendan is freed from any adhesions to the metacarpal hone, but its attachments
to the phalans are not disturbed. A new joint space is forced by excision of a
segment of the base of the proximal phalany. The metacarpal head is fashioned
in a chiscl-like manner, inclining volarward, and being tapered sharply in an
anteroposterior direction. Laterally, the reconstructed articular surface remains
broad and flat. No attempt is made to create any concavity of the proximal
phalangeal articular surface (Fig. 31).

The fascia from the anterior aspect of the upper forearm or paratenon from
over the fascia lata on the anterolateral surface of the distal third of the thigh
forms the most satisfactory interposing membrane in this joint. The membrane
is lolded between the joint surfaces, heneath the extensor tendonr proximal to
the joint, and deep to the tendons of the interossei (Fig. 32).

Where there is loss of intrinsic muscle function, the tendon of the flexor digi-
torum sublimis muscle should be removed from its sheath, rerouted through the
lumbrical tunnels on either side of the affected joint, and sutured to the extensor
aponeurosis on either side of the provimal phalany, after the manner described
by Bunnell.

Proximal phalanx
severed transversely.
Metacarpal tapered
on flat.

Fascla with web like
consistency used
between joints.

Fic. 81.—Arthropl of the hal. 1

: P jont space (Fowler). The provi

is divided transversely, the metacarpal head tapered on flat. Note the mzlh;zna;fp?;l? ‘]‘
nterposition. -

(Fowler, S. B.: J. Bone & Joint Surg., 29:193, 1947.)
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develop the flexors and extensors of the clbow, and for physical therapy.
Between excrcise periods and at night, a posterior clbow splint with straps and
buckles is worn. After two to three wecks, the splint can be entirely discarded
during the day, using a sling for support. Use of the splint at night should be
continued until a useful range of motion, with good strength, has been regained.
Ordinarily, the night splint can be discontinued about cight weeks following
operation. The patient must continue active exercises for a period of at least sic
months. Though maximal strength and motion are usually regained within two
years after operation, the patient must be followed at least five years before any
definite conclusions as to the end-result can be farmulated (Figs: 29 and 30).

bl I ES

Fic. 80.~Arthroplasty of the elbow, 11 years after jon, Arthropl, d for
salid bony ankylosis due to acute infectious polyathntis, Motion was prcsent fmm 55 degrees
to 155 degrees; good strength and stability; no pain.

ARTHROPLASTY OF THE METACARPOPHALANGEAL JOINTS

Of the joints of the h’md only the metacarpophalangeal ]omts of the fingers
lend th 1 fully to arthroplasty. The p dure is indicated where
there is a destructive lesion of the joint with a residual of less than 80 degrees of
motion in a useful range, and where mobilization of the joint will restore the
hand to useful The procedure is contraindi d if the finger is permanently
anesthetic, if there is marked deformity, or if flexor tendons are absent. Where
the metacarpal is markedly shortened, arthrodesis of the joint is to be preferred,
all things being equal.

The technic described by Fowler has proved most satisfactory in our hands, and
is now used in our clinic. An average of 70 degrees of motion with good stability
may be obtained by this method in proper selected cases.
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After-carc. A short forcarm and hand cast is applied, incorporating trac!io'n. to
the operated fingers with the pophalangeal joints maintained in a position
of 60 degrees of flexion. One week after operation, the cast is removed and joint
mobilization is begun. Between exercise periods and at night, a protective alumi-
num hand and finger splint is applied. After three weeks, all external support
may be removed and the exercises are increased in number and vigor. If any
difficulty is encountered in obtaining full flexion, the removable “knuckle-bender”
splint described by Bunnell is applicd to increase the range of motion. This splint
is worn at regular intervals, and as flexion is increased, the splint is gradually
discontinued.
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Congenital Ureteral and Pelvic Dilatation
as Evidence of Obstruction
FRANK HINMAN, JR., M.D.

¥ opstrueTioN could be shawn to account for most, if not all, cases of megalo-
Iureler and hydro-ureter in the fetus and infant, as it does in the adult, urologic
treatment would be simpler. To establish the primacy of obstruction, two things
must be proved: (1) that renal function does indeed occur in utero; (2) that a
delinite obstructive Jesion can be found. The less obvious obstructive Jesions
must be loeated by deduction, since the changes above them are in every way
similar to those due to the demonstrable obstructive lesion. We must conclude
that the ebstructive factor has been outgrown or destroyed.

FETAL RENAL FUNCTION
Craacar. Evioence

The evidence for fetal renal function is overwhelming, Why then is there
2 guestion? The answer may be given readily: infants have been born with ro
detectable site for egress of urine and without evidence of dilatation of the
bladder ot of the ureters and kidoeys. J. von Englisch, in 1881, seviewed 39 eases
of urethral occlusion and decided that the placenta removes the wastes in case
of block of the excrotary passages. He stated, however, that in general, if the
urethra is closed and there is no abnormal apening, the dilatation of the kidney
and bladder is 5o great that life is not possible. Most of the reports he assembled,
nevertheless, described urethral block with dilatation above. The exceptions to
the expected finding of dilatation must be reviewed and explained. Menegaux
and Boaidot, after bling the lil on I )] hral occlusion up
to 1934, concluded that if the child is born alive, suppression of fetal function
has occurred and retention will not be found. The 11 case reports available to
ittustrate this (Balard; Birdsall; Dourmashkin; Goodyear; Marquardt and Freder-
ick; Ostling; Textor) are of infants who usually required vigorous urethral
sounding to break through the urethral obstruction. Lacking are simultaneous
studies of the upper tract; all that is reported is the absence of palpable or visible
dilatation of the bladder and the absence of deleterious clinical effects. We are
familiar with advanced cases af congenital hydronephrasis, even in the adult,
without outward signs of disease (Fig. 1). The possibility of a patent urachus, or
of a rectovesical or recto-urcthral fistula must not be overlooked {Campbell, 1937;
Rublach). Other exp! i night include almost complete urcthral stenosis
through which small amounts of urine might leak before birth. Also, obstruction
at or just before birth by desguamated squamous urethral epithelium from
stimulation by maternal estrogens might account for the newborn child without

810
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palpable vesical dilatation who fails to void. So many instances of similar com-
plete obstruction with marked retention of urive have been reported, that these
cases without evidence of dilatation prove at most that (1) fetal renal excretion
is not essential to life (in the normal fetus the waste products are merely reab-
sorbed from the amniotic fluid}, and (2) gross vesical distention and upper tract
dilatation do not necessarily follow complete obstruction in the fetus.

The converse cases, however, in which obstruction was followed by dilatation
are Jegion. We may list the most interesting ones in Table L.

A typiceal ease of our own, sceming to prove fetal remal function, is illustrated
in Figs. 2A and B. The obstetrician noted that the mother had abnormal enlarge-
ment of the uterus as early as five months, At birth, the child had a protuberant
abdomen and hematuria. Cystoscopy at four days of age was difficult because of
diffuse constriction and fixation of the posterior urethra. Uremia was progressive
and the child died on the 15th day of life. Autopsy showed a hypertrophic but con-
tracted bladder, bilaterally dilated uretess and pelves, with advanced destruction
of the renal parenchyma,

Obstruction to urinary flow is the only reasonable explanation for these eases
which form the strongest clinical evidence for fetal renal function,

Expernnytar Eviooxee

Renal tunction in fetal life has been demonstrated experimentally by many
technics.

An analogy with other animals was drawn by Windle between the well devel-
oped allantois in birds, which reabsorbs the water so necessary to the isolated
developing chick, and the allantois in man, which is vestigial. A well developed
placenta takes its place in handling the exchange of fluids, Bremer similarly
contrasted the large allantois with thick placental barriers in the pig, sheep, and
cat to the degenerate allantois and well differentiated, delicate placental wall
in man.

Analysis of the normal bladder end amniotic fluid gives evidence of renal func-
tion. Wohler, in 1846, found n uric acid stone in a stillborn fetus, which he
interpreted as evidence of the fetal exeretion of uric acid. Portal in the 17th
century {according to Williams) suggested that the amniotic flnid represented
fetal urine. Zangemeister and Meiss], in 1003, in a definitive piece of work based
an determination of freezing point, osmotic pressure, and direct analysis for
chemical constituents, found that the amniatic fluid was always hypotounie, so
that at term 165 per cent of the amniotic fluid was fetal urine. Their data
show that this urinary secretion began as early as the fifth month, Confirmation
has come from several workers ( Bialascewicz; Grunbaum; Jacque; Lewis; Make-
peace; McCance, 1948, 1950, Reinwein and Heinlein; Tausch; Uyeno). These ob-
servations dovetail with those of McCance and others that urine passed in utcro
is more dilute but otherwise the same as that formed in the first few days of life
{Barta and Hernadi; Gordon et al.; Rubin et al; West et al.).

Function tests, applied in utero, prove renal excretion, Substances injected into
the pregnant woman have been recovered in the amniotic sac {Gusseraw), and
in the fetal urine itself (Butler). Indigo appears in conveluted tubules of dogs at
term 25 minutes after injection (Bar; Wiener); sodium ferricyanide and iron
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of excretion.” By staining methods, Hewer found indications of renal function
probably as carly as the ninth wecek, and certainly (l;{ thlc 12;11 week, Human
in ti 1 Chambers).
tubular cells secrete in tissue culture (Camcron':'m( !
Roentgenographic evidence was obtained by Kjellberg and Rudhe by urogm'mi
at ccsnr:nn section in the fourth to fifth month of pregnancy. The films showed
secretion of diodrast by the kidney.

Fic. 2B.—Autopsy findings in case shown in Fig. 24, as evidence of fetal renal function. (a)
and (b) Gross changes: marked ureteral and pelvic dilatati ith ad d h \]
" - .

wi
phic bladder. M; pic changes in (c) wreteral wall, () \esical swall,
and (e) renal cortex.

changes;

Ezxperimental obstruction of the excreto!
chick embryo caused proximal dilatation,
lowed concentration of externally applied
Wells, in a series of classical experiments, blocked the urethra of unborn rats 16
hours befere term, then placed the fetus:

! es in the abdominal cavity, At term, the
urinary tract abave the point of ligation was distended in each animal. In addition
PR IN 1 7

I phonphthalein injected into the fetus at the time of operation was found

ry ducts (mesonephric ducts) in the
and occlusion of a tubular segment al-
phenol red within the lumen {Boyden).
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ammonium citrate appear as prussian blue in the convoluted tubules of the fetal
cat from five to several hours after introduction in the umbilical artery. This may
occur early in fetal life (Firket). Phenolsulphonphthalein, trypan blue (Wislocki),
and other vital dyes (Keene and Hewer) are similarly excreted. Gersch found
by these methods that even the mesonephroi function and excrete simultaneously
with the metanephroi. His work indicates that tubular function begins in the
human embryo at 82 mm. (nine wecks). Confirming evidence was obtained
earlier (Ballantyne; Wagner) in the demonstration that fetal function occurred

Fic 2A.—Cystogram with reflus in a 15 day old male infant.

if there was maternal renal insuffici . Further include the de-
tection of 2 low glomerular capillary pressure. The only contradictory evidence,
and that not convincing, came from Schaller. He gave phloridzin, found little
sugar in the amniotic fluid, and concluded on this evidence that there was little
or po renal function.

Cytologic evidence supports the concept of fetal renal function. Histologically,
mesonephric tubules are capable of functioning since they persist intact with
glomeruli and tubules to nine weeks (Altschule). Metanephric glomeruli con-
finue to develop to the 35th week (Potter and Thierstein). Krafka notes that
“sections of an 18 mm. embryo [six weeks] give convincing cytological evidence
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of Brown is in a report of the familial incidence of megalo-ureter in 8 of 7 human
siblings (MacMyn). Examples of ureteral obstruction causing proximal dilatation
are not hard to find (Howze and 11ill). The ureteracele with upper tract dilata-
tion is common, Even the 47 em. fetus with segmental obliteration of the ureter
may show dilatation and hydronephrosis (Thiemann).

Mip-TRACT ORSTRUCTION AND INcOMPETENT URLTEROVESICAL OMFICE

Neurogenic bladder and incompetency of the ureterovesical orifice can result
in upper tract dilatation. That reflux of urine occurs with the cord bladder has
been shown (Kretschmer and Hibbs; Pleffer; Talbot and Bunts). In these cases,
the reflux is perhaps due to distortion of the orifice sccondary to infection and
detrusor hypertrophy (ITagner). Among normal individuals, reflux is more com-
mon in children (Andler; Gibson; Kretschmer, 1915, 1916) than adults (Young),
and is a normal finding in some animals (Semblinow), but not in others (Samp-
son). Gruber showed that reflux is dependent on three factors: the length of the
valve, the degree of development of Bell's muscle, and the thickness of the blad-
der wall, The experimental section of the valve at the orifice with the help of
local fibrosis allows urinary reflux and resultant hydro-ureter, often with reverse
peristalsis (Gruber, 1930). However, ureteral peristalsis forms a secondary defense
against reflux (Draper and Braasch). Of course, reflux is not essential to the devel-
opment of upper tract dilatation with distal obstruction (Kearns and Jacobson),
and, conversely, reflux may be found in a patient with no obvious distal obstruc-
tion (Ahlteld; Couvelaire; Grant; Heymann and Martin; Longridge; Williams).
These cases confuse the distinction between “megalo-ureter” and hydro-ureter, for
it is 50 often assumed by the physician that the dilatation must be primary in the
ureter. However, the fact of reflux plus the invariable finding of work-hypertrophy
of the ureteral wall and dilatation or hypertrophy of the bladder force us to
agree with MacMyn that in most of these cases obstruction in the posterior urethra
{valves and folds) is overlooked, outgrown, or destroyed by diagnostic instru-
mentation. The rest of the cases of bilateral upper tract dilatation fit in the group
of neurogenic bladder occurring secondary to spina bifida or other cord lesion.
Unilateral dilatation does not argue against this interpretation, since ane uretesal
orifice may be affected before its mate (Hilliard; Marti). We saw a patient re-
cently in whom one orifice has regained competency after cystostomy while reflux
continues up the other orifice. Reflux in the newborn then, when coupled with
some form of distal obstruction, is added proof of fetal renal function, and conse-
quently of the obstructive nature of the ureteral dilatation in this syndrome.

Lower Tracr OpstRuction

Lower tract obstruction is the common and aceept
and aftords excellent clinical proof of fetal ren:
sc-ribed the cases of congenital atresia of the urethra which were followed b
middle and upper tract dilatation. This evidence is difficult to refute. C‘ve .
reported with overdistended bladder and dilated upper tracts ( Curr" as‘eshme
ll.le obst.mctive lesion being found. We would conclude that either tlhe) “ll)lt o
tive lesion has been destroyed by instrumentation, was by nature th?p;:lr;-

f

ed cause of hydro-ureter,
at function. We have already de-
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in the fetal urine. He was able to accelerate the process of dilatation by bilateral
ureteral ligation in the mother, or by the injection of urea as a diuretic into the
fetus.

A different technic, using roentgen radiation of the parents to cause hereditary
ureteral anomalies in rats, was developed by Brown. The resulting urcterovesical
juncture obstructions showed that proximal dilatation (hence function) occurs
on the 15th to 16th day of gestation, and by the 19th to 25th day either the
hydronephrosis resolves by spontancous release of the obstruction or it becomes
permanently established.

From thesc various experimental sources we reach the inescapable conclusion
that fetal renal tunction docs occur, and, even tlmugh not essential to fetal life,
is a normal phase of embryologic development.

THE OBSTRUCTIVE LESION

An obstructive lesion is necessary to block the fetal renal secretion and so cause
the observed dilatation, The evidence for such obstruction obtained from experi-
mental and clinical observations falls easily under three headings: (1) ureteral
obstruction, (2) mid-tract obstruction (which includes neurogenic bladder and
incompetency of the ureterovesical orifice), and (8) lower tract obstruction. We
shall not discuss here the common ureteropelvic juncture obstruction.

UreTERAL OBSTRUCTION

Ureteral obstruction is best explained by the embryologic work of Chwalla,
who found a ureterovesical membrane as a normal occurrence during the
separation of the ureteral bud from the wolfian duct. Persistence of this mem-
brane would cause ureteral obstruction by constriction or by a valve action
(Boyden; Vermooten, 1939). The dilatation secondary to such obstruction then
would be brought about by several factors. Renal secretion we have already
discussed. Intra-ureteral pressure, the second factor, lasts as long as the muscles
of the renal pelvis, calyces, and ureter act (Rényi-Vamos) and, as shown by acute
experiments, rises higher than can be explained by renal sceretory pressure
alone (Henderson) (ureteral activity alone may raisc a column of water over
35 cm.—Gruber, 1930). Urcteral peristaltic contraction is dependent on stretch
(urine flow) (Bozler), but diminishes after a crucial level of pressure is reached
(3 to 18 cm. water) (Trattner). It may pass a point of partial obstruction with
diminished amplitude (Wislocki and O’Conor). Peristalsis is impaired early in
dilatation (Quinby). Instrumental ureteral dilatation causes ureteral dilata-
tion and hypertrophy, with hydronephrosis secondary to this functional block
(Greene). Consequently, when embryologic ureteral obstruction occurs there
is first hyperactivity resulting in muscular hypertrophy and elongation (Ver-
mooten, 1930}, then dilatation as the muscle decompensates, and, finally, atony.
The reaction of the ureteral and pelvic musculature in infants to work is much
more intense than in adults (Maatz). Portions of such a sequence were seen by
Brown in abnormal rat fetuses, by Wells experimentally, and were deduced by
Grauhan to occur in the human fetus. A series similar to the experimental animals
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Can we reconcile idiopathic or purcly developmental ureteral sacculation and
dilatation (often with the patent ureteral orifice and with hydroncphrosis)—
usually called “megalo-ureter™—with the obviously obstructive hydro-ureter :m'd
hydronephrosis caused by meatal stenosis, posterior urethral valves, or stenosis
at the ureterovesical junction—typically “hydro-ureter?

DEFINTIIONS FOR MEGALO-URETER AND HYDRO-URETER

Megalo-ureter must first be identified. The conflicting definitions themsclves
make the condition suspect as an entity. The list begins with Saintu, although he
did not use the term. His case, through Caulk, is commonly accepted as the
classic example. Note that his patient was a newborn child, delivered with dif-
ficulty because of a dilated bladder, who voided spontancously but died in a few
days. Autopsy revealed dilated ureters but grossly normal kidneys. Saintu con-
cluded the syndrome was due to defective innervation of the bladder itself. Caulk,
on the other band, although referring to Saintu, coined “megalo-ureter” to de-
scribe the ureters in his own case: an infant with a dilated, tortuous right ureter
without pelvic dilatation, but with improvement after urcteral meatotomy. He
felt that he was dealing with 2 primary defect in the ureteral wall, and that
obstruction played no part (even though improvement followed his operative
procedure}.

So we see how confusion entered and the following incomplete listing merely
compounds that confusion:

Saintu, 1896: dilated ureters with normal calyces, due to neurogenic bladder

Papin and Legueu, 1912: dilated ureteral orifices with reflux

Caulk, 1923: dilated tortuous ureter with narrow orifice, due to primary
anatomic defect in ureteral wall

Eisenstadt, 1926: dilated bladder and calyces and tortuous, dilated ureters

with reflux, due to deficient lar develog
Hinman, 1929: dilated ureters without hypertrophy of wall, tortuosity or elon-
ation

Campbell, M. F., 1939: dilated ureters with or without ureteral stricture, like
congenita] esophageal stricture,

Irvin and Kraus, 1948: large bladder with dilated, tortuous thick ureters, due
to achalasia or paralysis of ureterovesical sphincter. ’

Campbell, E. W., 1948: dilated ureter with atonic orifice and dilated renal
pelvis (sicl), as described by Saintu in contrast to the dilated ureter with
narrow terminal spindle called metalo-ureter by Caulk, 1923,

Wayman, 1949: dilated, nontortuous ureter (attributed to Caulk, 1923)

Note how the meaning varies from ureterectasis
plus calicctasis with reflux (Papin and Legueu),
trophic ureters (Hinman) to tortuous, hypertmphi
The only possible point of general agreement is
result of a demonstrable obstructive lesion, but Ca
and others apparently are not convinced of it In
California Hospital, only one case has been seen
ment of dilated ureter without caliectasis,

alone (Saintu) to ureterectasis
and from straight, nonhyper-
ied ureters (Irvin and Kraus).
that megalo-ureter is not the
ulk’s original case refutes this,
30 years at the University of
which really fits the require-
and this patient was benefited by
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or that the defect was due to a neurogenic bladder. Campbell proposes an alter-
native explanation: “In the light of recent clinical obscrvation it scems certain
that some i of apparent genital ureteral dilatation, the dilatation of
the upper urinary tract results from primary backpressure induced by obstruc-
tive sphinctero-spasm at the bladder outlet”

An interesting alternative explanation for the case of upper and middle tract
dilatation without cystoscopic cevidence of an obstructive lesion has already been
briefly mentioned. Squamous metaplasia cansed by maternal estrogens may in
some cases be obstructive. Englisch as long ago as 1873 felt there was a
correlation between the distention of the prostatic utricle and the period of intra-
uterine lite, but Lacassagne first showed eperimentally the correlation between
high doses of gen and sqp plasia of the miillerian elements of the
posterior urethra. Further he noted urinary setention and hydronephrosis in the
guinea pig atter five months’ treatment. These findings have been repeatedly
confirmed (Burrows and Kemnaway; Menke; Nanson). Ilydronephrosis in in-
fancy has been described by Bugbec and Wollstein, one of whose cases had
peeling stratified epithelium on the large obstructive verumontanum. Squamous
metaplasia is the common finding in the human fetus, being found even in the 23
cm. embryo (Brody and Goldman). Conscquently, since such metaplasia from
stimulation by maternal estrogens occurs and since obstruction can result from
this source in experimental animals and since cases of hydronephrosis have been
reported which are best explained on this basis, it could be argued that such a
cause may operate when unexplained dilatation of the urinary tract responds to
simple urethral instr ion or to no t at all.

THE CAUSES OF URETERAL DILATATION
{MEGALO-URETER VS HYDRO-URETER}

If we agree that fetal renal function accurs, that the dilatation of the upper rai-
nary tract m any given case is indistinguishable from that dary to a demon-
strated obstructive lesion, and that in the majority of cases such obstructive lesions
are found, then we are in a position to question the findings of those who pos-
tulate a nonobstructive origin for such upper tract dilatation,

Consider the various factors used to explain the megalo-urcter: congenitally
deticient nerve supply, agi is of the lar coats, sp reflux. How
can a child with a dilated upper tract be rationally treated if so many apparently
unrelated factors must be considered, factors which would not respond to urologic
treatment? Dilatation from an obstructive lesion can be treated by known urologic
P Jures; if from lar deficiency or ureteral dysgenesis, it cannot.
1 believe the following review of all factors makes obstruction the one common
denominator for all cases of upper tract dilatation in children as in adults.

We do not concern ourselves with congenital hydronephrosis caused by
ureteropelvic juncture abnormality, since this is accepted as due to Jocal obstruc-
tion. However, unilateral or bilateral, localized or complete dilatation of the
upper urinary tract has not been so obviously obstructive in causation. Spon-
tancous reflux and megalo-ureter should fit in a reasonable scheme to allow us to
apply reasonable and hence effective treatment.
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Neuromuscular Dysfunction. The analogy of congcniml ureteral di.lntntion
with dilatations of the esophagus and colon was first suggested by Bard in 1920,
and others have made a similar comparison (Etala; Etzel; Hepler; Hurst and
Gaymer-Jones; Lehmann). It is of interest that as long ago as 1900, if was sug-
gested (Thompson) that a disturbed or deficient nervous 1 might
account for dilated ureters without detectable lower tract obstruction. Two cases
of megalo-urcter reported three years ago (Carver) are typical of those ascribed
to newromuscular imbalance. Previous to that time experiments which stripped
the ureter of its nerve supply in the experimental animal, caused hydronephrosis
(Stewart and Barber). This suggested an “adynamic urcter” as the cause of the
dilatation. But injury and fibrosis of the intrinsic neurosmuscular synapses sec-
andary to the operative procedure rather than loss of the extrinsic nerve supply
might be a better explanation when one iders the work which shows that
ureteral tone and peristalsis are independent of the extrinsic nerve supply
(Engelmann; Lapides). In addition, others have found that experimentally one
cannot get ureteral dilatation by simple denervation (Ostling). Inflammation has
been blamed (Beer; Braasch; Karaffa-Korbutt) but inflammation without obstruc-
tion would be expected to cause stricture rather than dilatation (Campbell,
1937). The inflammatory chianges found at operation can better be ascribed to
the dary infection p ted by the stasis.

Contradicting the conclusions drawn from certain of these experimental and
clinjcal observations of deficient innervation is the almost invariable finding of
hypertrophy of the ureteral musculature (Campbell, 1948; MacMyn). In the
rare case without histologic evidence of smooth muscle thickening, there is
definite evidence of obstruction with secondary dilatation and fibrosis (Irvin
and Kraus). Reported cases of dilated ureter without renal agenesis (Clark;
Deilmann; Huff and Boger; Meade; Textor) or hypoplasia uniformly have
stenosis or absence of the ureterovesical junction. If the orifice is patent, dilatation
is absent (Gloor). With renal agenesis, ureteral dilatation does not occur, even
though such agenesis is an example of abnormality of the ureteral bud rather than
of the renal blastema (Hamilton). Achalasia, likewise, is an inadequate concept
since the ureter has no important extrinsic nerve supply which could become
“ir.nbalﬂuced" and resul_t in closure of the ureterovesical orifice simultaneously
with descent of the peristaltic wave. On the contrary, most of the reported cases
due to neuromuscular dysfunction also had neurogenic bladders (obstructive in
lhem.sel\.zes) or a‘ctunl ureteral stenosis, Obstruction therefore will best explain
the findings in this group.
em(i::;iin;f:sl s::\(xn::atnxs(xﬁ in the 'Umieral Wall. Dissection of human

> 1 e grows into the ureteral bulb secondarily, so
that it does not appear until the eighth week (Gerard). Even at five months th
ureteral bud is wide and large. The conclusion was that a congenitall tslu l(:
ureter was the result of lack of inhibition of ureteral growth w%xil n})],b o
of development of the muscle caused a thin-walled ureter. bth e}: ion
cuzlredE fe}o:ling that the fault lay in ab of lar devy Io ersat S:;ed?;:i
end of t i i -
N grz“t;:t{:é aaux:itin:}.x;ie;ixlatahan was due to a primary disturbance of

5 ‘mauner ). It was left for Ostling to summarize the

findings by a collection of casts of fetal and neonatal ureters. He stated definitely
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dilatation of the urcterovesical orifice (Fig. 8). Other similar cases have been
described (Grajewski; Meuser).

Fic. 3.~Pyelogram illustrating ureteral dilatation without pelvic or calyceal enlargement.

Tueories oF ET1oLocy

Let us go back then and consider the proposed theories which account for
a dilated ureter. These are three:

(1) neuromuscular dysfunction of the ureter and/or its orifice;

(2) congenital anatomic defect in the ureteral wall;

(3) congenital obstruction, already discussed, predicated on fetal renal func-

tion,
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that {assuming as he did that no fetal renal function occurs) these congenital
dilatations were due to differential growth disturbances during fetal life.

Several facts are against such a conclusion, Loraine found dilated ureters up
to the tourth or filth month and suggested this was a usual occurrence which
regressed as normal development was completed. Besides, if arrested local
muscular development were the cause, one would eapeet to find deficient mus-
culature in the distal ureter. Such is seldom or never the case (Campbell, 1945;
MacNyn). Ostling has built his case on the assumption that there is no fetal
renal secretion. We have shown that this assumption is unwarranted. As for his
statistical linding of a higher incidence of dilatations among fetal specimens
than atter birth (if this is any evidence of the origin of the much greater dilata-
tions of infancy), perhaps this can be explained by a mechanism to my knowl-
edge not previously advanced—an effect of the maternal hormones.

The role of placental hormones in the ureteral atony and dilatation of preg-
nancy is well established {Jenkins and van Wagenen; Traut and Kuder). Why
could not this action affect the fetal urcter as well? Traut, in certain unpublished
experiments in dogs, found that urcteral activity in fetal dogs in response to
stimulation closely paralicled the decreased activity found in the maternal ureter.
Since renal secretion occurs during fetal life, it is easy to interpret these so-called
develop 1, almost physiologic, dilatations during midfetal life as similar to
those noted in the mother during pregnancy. If the occasional obstructive lesion
should occur by developmental aberration (ureterovesical or urethral stenosis,
tor example), then the common fetal dilatation would persist into neonatal life.

Congenital Obstruction. We have already discussed the effects of actual
obstruction. To summarize: in the presence af fetal renal function and with the
occurrence of upper tract dilatation similar to the various types known to come
trom distal obstruction, the exceptions to the common finding of a definite
obstructing lesion can best be explained either by its prior destruction or by spon-
taneous resolution,

CLINICAL APPLICATION

We may tairly conclude from the clinical and experimental data assembled
above (1) that fetal renal function does occur, and (2) that ¢bstruction to such
excretion may result in dilatation of the renal pelvis, ureter, or bladder, or to
all three. The importance of these conclusions lies in their application to the
clinical problem. They force the urologist to search out and relieve the obstrue-
tive factar. A breakdown of the sites of obstruction from Camphell is as follows:
ureteropelvic junction, 28 per cent; body of ureter, 13 per cent; ureterovesical
junction, 62 per cent; vesical neck, 15 per cent; urethra, 8 per cent {includ-
ing cases with more than one obstructive site). The embryalogic anatomic causes
of the obstruction at these sites are many and varied. The reader is referred to
the tables in Campbell’s text (1951). The important object in treatment is not so
much using the exact technic to correct the embryologic error, but rather to apply
approved urologic methods to cither bypass the obstructive lesion or to re-
establish the normal lumen of the urinary tract.
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Transurethral fulguration and resection are requircd more frcqucntly, espe-
cially in older children, in whom the obstruction is less complete and more
resistant (Fig. 6). Residual urine persists after catheterization or dilatation.
Endoscopic visualization of the posterior urethra reveals valves or diaphragm,
or more often, clevation of the posterior lip with a gencrally contracted vesical neck,
Transurethral incision, fulguration, or resection with Colling’s knife or infant
rescctoscope, often to be followed by the intermittent passage of sounds, is
necessary.

e d

A ’ B
Fi6. 6.—G. J., Male, eight years old in 1947. Enuresis was the onl; i
s 3 . complaint. i i
250 cc., PSP 57 per cent. Cystoscopy revealed slightly dilated unﬁg'es :::5 n"ier:ts lglliaalv:sx'mi
neck, The bar was resected via perineal urethrotomy with 2 27 F Nesbit resectosc R 'd‘C:l
urine was now 14 cc, renal function unchanged. (A) Retrograde urogram on entop'e.n csidual
change. {B) Intravenous urogram at present {four years later). s 1o vecent

Ureteral 1'ncntotom} , for obstruction at the ureterovesical junction, as ureter-
;)cele or stricture, will allow free egress of the urine, but unfortumt’el also al
towst reli)il:x ui). the ureter. However, if the vesical reflex is normal and };10 lo\wl;
ract obstruction exists, the orifice often will regain i )

" 5, egain its competency (Fig.
ﬁol;zgl;; um;cmplssty is necessary for release of uteteropelvicpjunctzre( obEQth):.
- I performed over a splint, the exact technic of suture is of less importance

than an a equate stoma (Fig, 8). Partial ureterectos
e t . 8). Pa 1
1 L icul \ g 8) (Fig, )1'6 ectomy for ureteral redundancy
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Treatment may be intended either to remove the obstruction, or to bypass
it. We have used everyday cases for the illustration of the various forms of treat-
ment, without regard for the final therapeutic result. They give a fairer view of
treatment than would cases selected only for a good outcome.

TREATMENT DIRECTED AT TiIE OBSTRUCTION ITSELF

Simple catheterization, or diagnostic instrumentation as we have already com-
mented, may be treatment enough in those patients with upper tract dilatation
in whom no posterior urethral obstruction can be found after withdrawal of
residual urine or inspection of the bladder. In other words, the obstructive valve
or fold or narrowing has been destroyed by simply passing the catheter (Fig, 4).

Fic. 5.-B. G., female, aged 10 months when seen in 1948, Hypertrophy and contracture of

the bladder neck, dilated bladder with residual unne and with dilated right ureteral orifice and

reflux. She was treated for two years by intermittent urcthral dilatation, with clearing of urine,

restoration of right ureterovesical orifice, and loss of dilatation of the right upper tract. The

right kidney is however functionally more atrophic. (A) Retrograde urogram before treatment.
(B) Retrograde urogram after treatment, 1951.

Repeated urethral dilatation with metal sounds up to 20-22 F. may be effec-
tive treatment in girls with residual urine and not too severe upper tract damage
(Fig. 5). It is less effective in boys.
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Fic. 10—J. M., female aged eight years (1940); spina bifida with meningocele. Spastic cord
bladder with 100 cc. capacity. Bilaterally dilated on

ifices with reflux on left as shown by cysto-
gram. Treated with retention catheter with improved renal function. Cystogram on entry.

TREATMENT DIRECTED AT BYPASSING THE OsstrucTioN

R, : 7

ization is the simplest treatment for lower tract obstruction
and is valuable in cord bladder, especially in girls (Fig. 10). Often three to six
months of such treatment will allow the ureteral orifices to become competent so
that micturition through the now dilated urethra will not force urine to the kid-
neys or be incomplete with residual urine, The catheter is changed every two

weeks and the healing followed by cystograms and the phenolsulphonphthalein
test.

Cystostomy is more often necessary in boys, because of their poorer tolerance
for the retention catheter (Fig. 11). Re-evaluation at intervals is necessary to



328 MONOGRAPHS ON SURGERY

R
P
« T

[y
i)
-

~
v
PPN

he §
Y g

s
;

Fic. 9.—W. B., male aged five and one-half years in 1927, Bilateral upper tract obstruction with

narrow ureterovesical junctures, Left urcterocystoneostomy was done with rescction of portions

of the upper and lower left ureter. A recent retrograde study showed no function from the

atrophic left kidney. (A) Preoperative retrograde urogram. (B) Drawing of the resected areas.

{C) Postoperative retrograde urogram (1927). (D) Pre-nephrectomy retrogeade urogram
{1951).
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preliminary to reimplantation of the ureter, or as an accompaniment of urctero-
pyeloplasty, nephrostomy is of great value.

Urcteral transplantation is rarcly of value, since the already dilated ureters
allow stagnation and reflux. In cord bladder (as with spina bifida) where such
diversion would be of most value, the operation cannot be done because of the
accompanying rectal incontinence.

Fic. 12-W. O., male, aged eight months when seen in 1949. He voided more casily after

instrumentation of the diaphragm in the posterior urethra. The bladder was thick and trabecu-

lated. Cystograms showed trabeculation but no reflux. Since catheterization of the orifices

could not be done and intravenous urograms showed poor function on the right and none on

the left, bilateral nephrostomies were done. This was followed by greater improvement on the.
right than on the left. (A) Cystogram. {B) Bilateral nephrostogram.

CONCLUSION AND SUMMARY

The purpose of searching out etiologic and physiologic, as well as the simpler
anatomic, factors in a pathologic process is to allow application of direct and
rational methods of treatment. The methods of treatment of renal and uret‘cnl
dilatations in the adult patient, based on locating and relieving the obslmcti\(le
lesion, are accepted and almost standardized. Approaches to relief of such dilata-
tions in infants and children, on the contrary, are hampered by the concept ‘f
idiopathic megalo-ureter, for which the surgeon car find no cause and he; e &
unable to apply a cure. ’ nee s

‘We have shown that fetal renal function occurs as a normal process, and i
?ufﬂcient volume to cause typical hydro-ureter and hydronephrcsis if i(s’ nﬂ -
is blocked. Even when the site or structure hinden’ng the urinary flov o
be: found, th.e changes in the upper urinary tract are indistinguisharl})lle frV Cﬂ;:ﬂm
:;mh ;: }?iﬁ:;:te obstm{ctive lesion. The probabilities are, by deduction andOZIIir:xizf\e

on, that the same forces act in both instances a e
El:asurle's of release of.the obstruction or divcressio:xngf tt}}it ‘:ﬁiaﬁﬂl‘zrgerﬂ}f“hc

applied, thus allowing application of principles of treatment simi o should
so well accepted for the adult patient. nt similar to those
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determine the optimum time for removal. If such drainage does not restore
ureterovesical competency, and the ureteral and pelvic dilatation continues,
nephro-ureterectomy may be required. Cystostomy will often allow improvement
of the better of the two upper tracts, making removal of the opposite, unimproved
kidney and ureter safer and better. However, even the poor side may improve,
so that renal counterbalance is arrested and the better side is inhibited in its
compensatory hyertrophy, as in Fig. 9. Recently, Swenson has devised a nylon-
plug for permanent cystostomy, which could be valuable in the cord bladder.

Fic. 11.—G.AX., male, aged five years in 1949, Trabeculated bladder without definite evidence

of obstruction at the bladder neck. Bilateral hydronephrosis and hydro-urcters with reflux.

PSP 45 per cent. Cystostomy was performed. The right side improved markedly, but reflux

persisted on the l;:‘ft. Left nephrectomy was finally required to control infc:lign. (A) Cystogram
wil (B) Retrog

urogram after 1951).

However, clinical application of the device has been hampered by the high in-
cidence of intection-necrosis about the plug.

Ureterostomy and nephrostomy are reserved for two situations: the hopeless
advanced bilateral case (permanent diversion) (Fig. 12); and the unilateral case
with hope for improvement following treatment of the lower or mid tracts
(temporary diversion) (see Fig. 5). In general, the life of the patient after
bilateral nephrostomy (or the less effective ureterostomy) is greatly shortened
(Fig. 13). We have not had such a patient who has reached adulthood. As a
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FiG. 13.~E. H., male aged eight years when scen in 1948, There had been incontinence and
recurrent infection since birth as fesult of posterior urethral vahes. PSP excretion 31 per cent
in two hours; NPN 75 mg, per 100 cc. Bilateral nephrostomy was done. There was prngressne
diminution of renal (um:‘non awith recurrent ml’cmon :m(( ep:sodes of severe uresnia,

patient died three years after after operati

and {B) two years later.
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Matthews, Kirkman, and Bacon in 1947 described a scries of renal changes
observed in the golden hamster following the prolonged administration of
diethylstilhestrol and sesame oil, In male hamsters the changes seemed to be
toward the Jormation of potentially malignant tumors, whereas in female hamsters
the changes tended toward glomerulonephritis. In 1930, Kirkman and Bacon
publishied data on the production of “malignant adenomas” of the kidney in
male Lamsters chironically treated with dicthylstilbestrol. No lymph or blood-
borne metastases were obscrved, but the tumors did metastasize by implantation
throughout the abdominal cavity. Such growth did not devclop in female animals
similarly treated, or in male animals recciving chol ol and dicthylstilbestrol
in the ratio of 4:1, or in any castrated male. The tumor cells did not contain any
doubly refractive lipid, a point of note in view of the lipid-rich character of
many human renal adenocarcinomas.

Experimental work has thus far provided no information of practical value to
the problem of human renal cancer. However, attention has been called to the
possibility of a role of steroid hormones in the genesis of human renal adeno-
carcinoma by the work of Kirkman and Bacon in hamsters. In this regard the
following clinical and pathologic observations on patients with renal adeno-
carcinoma are of interest:

(1) The maximal incidence of human renal adenocarcinoma is in the sixth
decade. The age incidence data are based on the age of patients at the time
of diagnosis and by no means indicate the time of onset of the neoplasm, Even
allowing for a difference of 10 or more years, however, between the age at the
time of onset of the cancer and the age at the time of diagnosis, it is evident
that most renal adenocarcinomas develop during a period of diminishing tes-
ticular androgen production in the male and diminishing ovarian estrogen pro-
duction in the female.

(2) The sex incidence of human renal adenocarcinoma indicates a preferential
occurrence in males at a ratio of approximately 7:3.

(3) Leary studied more than 300 miniature human renal tumors and con-
cluded that crystalline ester cholesterol was a probable dominant factor in the
growth of these neoplasms. He found that erystalline ester cholesterol was present
in the renal epithelium before the new growth appeared, that the focal points
of the early growth were limited to the areas in which cholesterol esters hadpbee
deposited, that there was a progressive increase in the quantity of cholest: r;
esters in the tumor as the latter increased in size, and that o o
the cholesterol esters from the
growth.

(4) Although a small number of patients with i

’ noperable and /o i
renal adenocarcxrfnma has been treated at MemorialPHospital \v/il]: lcf::lﬂstat{c
and/or androgenic steroids, no objective evidence of any effect on th rogenic
has yet been observed. n the tumors

The meager clinical and experime i
ntal evidence thus f; i
than sogget & Dosebin ool aley ar available does no more
l’cni ongg P b e of steroids in the growth of hnman ranal ad.-

c the disappearance of
growing neoplasm was followed by cessation of



Renal Neoplasms
WILLET F. WHITMORE, JR., MD.

ENAL NEOPLASMS oceur with a frequency and range of clinical manifestations
Rsuﬂicicnt to warrant the interest of every clinician, The intent of this chapter
is to summarize the pertinent clinical data regarding this group of neoplasms,
to review briefly the methods of diagnosis, and to indicate and attempt to ration-
alize some recent therapeutic trends. Comments on pathology are limited to
the minimum necessary for characterization of each tumor and for an understand-
ing of its place in the classification,

GENERAL INCIDENCE

Renal cancers constitute 1.3 per cent of all neoplasms. Their frequency is
slightly greater in males (1.7 per cent) than in females (1.0 per cent). In the
male genito-urinary tract 9.7 per cent of all cancers are of renal origin, cancers
of the prostate and bladder being, respectively, first and second in frequency.
In the male and female urinary tracts renal cancers make up, respectively, 27
per cent and 35 per cent of the malignant neoplasms (Macdonald). During
the four year period 1947-1950, malignant renal tumots constituted 0.779 per
cent of all cancers at the Memorial Hospital (New York).

ANIMAL STUDIES CONCERNING RENAL NEOPLASMS

A growth histologically similar to the human Wilms tumor has been described
in a variety of domestic and laboratory animals, Such a tumor is common in
swine and also oceurs in cattle (Feldman). A transplantable embryonal neph-
roma in rabbits has been studied by Greepe and by Polson, and Mathews has
found a similar lesion in chickens, Recently Oleott has deseribed the occurrence
of a spont transpl. 11 phrobl in the rat.

Tumors histologically similar to human renal ad
have also been found in animals. Lucké has described the spontancous occur-
rence of circumscribed ad or ad i in the kidneys of the
leopard frog, Rana pipiens Schreber, with an incidence as high as 2 per cent
in both sexes. King and Nigrelli investigated the occurrence of glycerophos-
phatases in the normal and tumorous kidneys of such frogs and demonstrated
histochemically the p of a strong alkaline glycerophosph ion in
the proximal tubules of the normal kidney which was absent not only in the
tumor cells of the neoplastic kidney but also in the adjacent nontumorous por-
tions of the kidney.

N .
or adenocar
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(3) Sarcomas

{4) Endometriosis
V1, Pararenal Tumors

(1) Dermoid cysts and teratomas
VIL Tumors of “Rest” Origin

(1) From adrenal rests—hypemcphroma
{2) Chondral and osscous rests

Tustors or TiE NoNcrrTieLAL Tissues

This group includes benign and malignant nonepithelial tumors occurring with-
in the contines of Gerota’s fascia. It thus includes some tumors which are, strictly
speaking, perirenal rather than renal neoplasms.

Benign Tumors. (1) Fibroma: Fibromas of the kidney arc an occasional inci-
dental finding at autopsy but only rarely reach a size sufficient to produce
symptoms. The fibromas found incidentally at autopsy are usually small, fre-
quently multiple, and occasionally bilateral, and occur either in the medullary
pyramids or in the cortex, usually just beneath the capsule (Allen; Bell;
Mackenzie). Mackenzie in 1936 could find only 15 clinical instances of pure
fibroma in the literature.

Many of the clinical neoplasms reported as fibromas contain varying admix-
tures of other elements which warrant their inclusion in the benign mixed tumor
group. Gordon-Taylor reported the clinical occurrence of a fibroma weighing 22
pounds and containing glandular el pr 1 to represent remnants of
renal tubules. Such tubular elements are often found in the incidental medullary
fibromas encountered at autopsy (Allen; Bell) suggesting a possible hamartial
origin for these tumors. The increasing frequency of fibromas with age in
autopsies, however, is cited as evidence of their true neoplastic nature (Zan-
gemeister ). Fibromas of the kidney present no distinctive clinical features. That
some of these tumors may reach a considerable size is evidenced by the report
by Rush and Rush of the removal of 2 13 pound fbroma from a 21 year old
woman. Such tumors have been successtully treated by nephrectomy.

(2) Lipoma: True lipoma of the kidney may be either intrarenal or perirenal
and must be distinguished from hypertrophy of the perirenal fat and from re-
placement lipomatosis.

The distinction between true perirenal lipoma and hypertrophy of the fatty
capsule may be difficult. The latter is usually bilateral and is usually, although
not invariably, associated with obesity.
1dliieils j;ﬁsxs]‘e;se llgzza.tosls of thfe kidney as the repl:%cement of the renal area by
adip e. Certain cases ol atrophy or destruction of the renal parenchyma
show a deposition of fat within the confines of the renal capsule sufficient to ca
an over-all enlargement of the organ and, occasionally, a concomitant in ease
in perirenal fat. The intrarenal fat deposition is commyonlv clmside‘red t Cfﬂse
result of hyperplasia of the fat of the renal sinus but others (F Crose
Tannhauser, and Andrews) believe that the fat replacement re amt]w’ o
stage in the life history of a lipoid granuloma. These authursP ’es.ents the end
contrary to the observations of others, the demarcation of the f; I:Dm i out that,
the diseased kidney is not sharp, e fatty tissue from




340 MONOGRAPHS ON SURGERY
CLASSIFICATION

The elassification employed in this discussion is indicated in Table L No at-
tempt has been made to review the many controversial aspects of pathogenesis
and classification to which so much of the literature on renal neoplasms is devoted.

TABLE [
CrassiFicaTion of Renat NeorLasus
L. Tumors of the Nonepithelisl Tissues
A. Bemgn Tumots
{1) Fibromz
(2) Lipoma
{4} penrenal
{b} mtrarenal
(8} Hemangiona
(4) Myoma
(a) letomyoma
{b) rhabdomyoma
{5) Mixed tumors (composed of combmations of the above clements}
(6) Lymphangioma
{7) Renal tumors assoviatedt with tuberons sclerosis
(8} Ostcoma
B Malignant tumors
{1) Sarcoma ({various types)
(2) Liposarcoma
{3) Osteogenic sarcoma

11 Tumors of the parenchymal epithehum
A. Bemign tumors

Adenoma
B. Malgaant tumors
Renal cell or renal ad
1. Tumors of the Epithebum of the Renal Pelvis

A, Bemgn Tumors
(1) Papilloma
B. Malgnant Tumors
(1) Papiltary } cell, epidermoid, or

(:1) Mucous ndenocammumn

IV. Embryonal Tumors
(1) Embryonal tumors of adults
(2) Embryonal tumors of cluldren

V. Secondary Tumors of the Kidney

A. Imolving the Kidney by Direct Extens:on

(1) By ext from o 7 ! node is from 2 primasy tumor clie-
where

(2) By extension from a retroperitoneal viscus
{3) By edtession from an intrapentoneal viscus
(4) By extension from a pararenal tumor

B. Involving the Kidney by Metastasis
(1) Lymphomas
(2) Carcinomas
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presence of an abdominal mass, a finding nolc.d in 41 of t’hc' 42 fCﬂlsc‘&f "n'l‘cl
abdominal enlargement may be symmetrical owing to the fluidity of (Im a ¢(
body temperature. On pyelography marked renal :fnd'/nr urctral disp! ﬂccmf:n‘
is the most striking finding, but actual deformitics within the pyclogram are rare
(Crabtree; Pfeiffer and Gandin). Differential diagnosis usually rests bctwc.cn
abdominal carcinomatosis, ascites, pancreatic cyst, pregnancy, and ovarian
carcinoma. The diagnosis is usuaily made at operation or at autopsy. In the 42
cases of Pemberton and McCaughan the diagnosis of retroperitoneal tumor was
suggested in only 5 instances. . )

The treatment is surgical excision of the tumor, usually with thc: :\d’]ﬂccnt
kidney. Since the gross distinction between lipoma and liposarcoma is dlffic'ult
and since there is a strong tendency to recurrence and for malignant dcgcncr:‘m.on
even in apparently benign lipomas, it seems wisest to attempt a complete cxcns.mn
of the tumor with the adjacent kidney at the initial operation. Technical diffi-
culties in the complete removal of these tamors may be considerable owing to
their tremendous size and to their tendency to fragment into lobules of fat on
handling.

In the 42 cases reported by Pemberton and McCaughan, complete removal
of the tumor was accomplished in only 21. Thirty-five patients had single tumors
while 7 patients had multiple tumors, creating a total of 61 tumors, 44 of which
were benign and 17 of which were malignant. Of the 42 patients, 8 were living
and well for periods ranging from nine months to four years, 7 were lost from
follow-up, 8 died postoperatively, 17 apparently died of recurrence, and 2 were
living with recurrent disease. The operative mortality was 19 per cent. Although
these growths tend to recur locally, there is little tendency for distant metastasis.

(b} Intrarenal lipoma. Intrarenal lipomas are fatty tumors developing within
the renal parenchyma. Small lipomas occur as cortical or subcapsular fatty
nodules in about 1 per cent of all autopsies, but only 14 instances of clinically oc-
curring intrarenal lipoma have been reported (Robertson and Hand). The major-
ity of the latter have occurred in middle-aged females. Twelve of the 14
neoplasms assembled by Robertson and Hand contained varying amounts of
fibrous tissue, smooth muscle, epithelial elements, and blood vessels, in addition
to fat, suggesting that such tumors may be properly classed as hamartomas.

Dull or colicky pain was recorded as a symptom in almost all of the 14 clinical
cases and hematuria occurred in 8. These tumors are more apt to cause hematuria
and pyelographic .deformity Fh:m are perirenal lipomas. Most of the reported
tzumfort; weln‘-ie of fm;;lydlarge size and in some Cases a mass was palpable. Only
fo:me dein ISC:::s o 3 I.mrt!}?al pyel.ograms (O'Heeron). Nephrectomy was per-
tumor was enucfjﬂi]:d "1nd tehreE?immg case (Pemberton and %lcCaughan) the
reported does not ; ermlftnan :stirln ’:CY ;ﬂ;’ed- FOHO\\"»up data 'm the few cases
Belcher, these tunS)rs are Z’une toa con t'w ngnos}s' According to. Lower and

@) I"Iemangiom:r Amml:, e ;eCur' in px:ogresswely more. malignant form,
call for immediate 'l-nd relatigvel enﬂd?ngwma e :%nd benign lesion, it may

a ly radical treatment, Ewing defines angioma as a

tuxgolr cor;xposed of ge\vly formed vessels, the distinction between hemangioma
and lymphangioma depending on whether the tis igin i , 2
mphats vesor sue of origin is a blood or a
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Although Hamm and de Veer found lipomatosis only in obese individuals,
Farrow ct al. did not consider general obesity a factar since half of their patients
were of average or slight build. The highest incidence is in middle-aged in-
dividuals. No instance of malignant change in lipomatosis has been reported.
Although the condition is usually unilateral, instances of bilaterality are recorded.
Simril and Rose could find o instance in which a preoperative diagnosis of
lipomatosis had been correctly made, but report a case in which the correct
diagnosis was suggested. Since lipomatosis develops in the wake of long-standing
unilateral or bilateral renal discase, a history thereof is helpful in suggesting
the possibility of such a diagnosis. The presence of pyuria, calculus, reduced or
absent renal function, and filing defects in the renal pelvis completes the clinical
picture~a picture which may closely simulate that of carcinoma of the repal
pelvis. Examination of a stained smear of the urinary sediment (Papanicolaou
and Marshall) should permit distinction between these two entities in the great
majontty of cases,

The practical importance of accurate differential diagnosis between lipomatosis
and carcinoma of the renal pelvis is considerable. Although nephrectomy is
mdicated, as a rule, in either case, the surgical approach in carcinoma of the
renal pelvis is radically different from that in lipomatosis.

() Perirenal lipoma, This term includes those benign fatty tumors arising
within the confines of Gerota’s fascia but extrinsic to the parenchyma of the
kidney. Although all perirenal lipomas are retroperitoneal lipomas, the converse
is not true, According to Pfeiffer and Gandin, perirenal lipomas constitute 35 per
cent of retroperitoneal lipomas. Howard and Suby, in discussing this subject in
1938, stated that well over 200 cases had been reported. Pfeiffer and Gandin
report a single case representing the first instance in 42,000 hospital admissions
and cite Lubarsch as finding only one case in 40,000 autopsics.

The majority of cases have occurred in the age range of 40 to 60 years, but
a case has been reported in an infant of 15 days (Pfeiffer and Gandin). Pember-
ton and McCaughan in 1933 found 314 retroperitoneal tumors of which 42 were
classed as retroperitoneal lipomas. Their series included 40 extrarenal and 2
intrarenal lipomas. The average age in 42 cases was 49.3 years, with a range from
28 to 68 years. Nineteen of the patients were males and 23 females. Von Wahlen-
dorf found 72 per cent of 165 cases and Adamis 70 per cent of 118 cases, to be
females.

Many of the neoplasms reported as lipomas contain one or more other tissues,
usually fibrous and my p In Von Wahlendorf’s series 46 per
cent of the tumors were pure lipomas and 54 per cent of mixed type. Some of the
lipomas show pathologic and clinical evidence of mali change, pr bl
illustrating the development of liposarcoma in a benign lipoma.

Perirenal lipomas may grow to an enormous size and the possibility of this
tumor should be considered in the differential diagnosis of any large abdominal
mass. The majority of patients have abdominal enlargement or a mass as the
presenting complaint. In the series of 42 cases presented by Pemberton and Mc-
Caughan, complaint of abdominal enlargement or a mass was present in 28,
pain in 20, dyspepsia in 11, and weight loss in 11. Fever, hematuria, and urinary

are rare if ions. The most striking physical abnormality is the

SPP
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hematuria is obtained. Pain was noted in 15 of the 36 cases reviewed by Riley and
Swan and is usually colicky because of the passage of blood clots down the
ureter, A palpable mass has been reported in only one case {Szeesey and Flesch).
Ancmia due to prolonged bleeding may be a feature.

The correct diagnosis is rarely made preoperatively, although Dean and Me-
Carthy did so in a patient with hematuria who had multiple hemangiomas of
the skin. The diagnosis is suggested by the following features (Lazarus and
Marks): A long history of hematuria without weight loss, frequency, or dysuria;
prolonged hematuria from one kidney without change in size of the kidney;
repeatedly negative tuberculosis studies; the finding of a normal kidney at the
time of exploration. Although pyclographic changes are often found, the filling
defects seen are not characteristic and are usually attributed to causes other than
the existing angioma.

Mackey points out that lesions of the renal pelvis bleed most, those of the
pyramids somewhat less, and those of the cortex rarely. McKay, Baird, and Lynch
found that in 18 cases of varix all patients required emergency nephrectomy
for uncontrolled bleeding, that no pyelographic abnormalities were noted, and
that in all but one case the lesion was minute. In 54 cases of angioma, however,
the lesion usually caused some defect on the pyelogram. Thirty-three of 37
patients with angioma who were actively treated had nephrectomy and one had
a papillectomy.

It is apparent that the chief barrier to more successful conservative treatment
of these lesions is the inability to make a correct preoperative diagnosis. Many
kidneys containing angiomas have been sacrificed on the basis of a presumptive
diagnosis of malignant neoplasm. Paletz and Sewell have recently reported an
interesting case of apparent bilateral renal angioma. The patient was a 21 year
old Negro who had a right nephrectomy because of persistent hematuria, Ex-
amination of the removed kidney revealed multiple diffuse angiomas. The patient
subsequently began to bleed from the left kidney and this bleeding was ap-
parently successtully treated by irradiation.

) (4) Myoma: True myomas of the kidney are extremely rare but leiomyoma
is more common than rhabdomyoma.

(2) Leiomyoma. Three groups of renal leiomyomas can be distinguished
(Zuckerman, Kershner, Laytner, and Hirschl):

(i) small, frequently multiple myomas several millimeters in i
) small, a s in diamet
tound incidentally beneath the capsule in the superficial cortex of tl?;
kidney at autopsy i
4) 1 Ti . S .

mms(n) arge solitary growths occurring during life and causing symp-
iii) m hi i
Chan(g e) yomas which appear to have undergone definite malignant

Bell states that renal leiomyoma is a fairly co inci
Gordon, Kimmelstiel, and Cabell nsseml)),le "o anedental
Eight of these were incidental

finding at autopsy.
d.29 cases of leiomyoma in 153}9,
autopsy findings, 6 occurring in females and
r reached sufficient size to cause symptoms and

to require surgfeal ex i jori
q gical exploration, The majority of the latter occurred in females
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Although Watson and McCarthy considered angiomas to be the largest single
group of neoplasms in children, the renal occurrence of these tumors is rare. Bell
could find only one instance in 80,000 autopsies. Kidd could find no cases in
2,500 personally performed autopsies in which renal angioma was especially
sought. In a review of the literature in 1949, McKay, Baird, and Lynch found 54
cases of renal angioma and 18 cases of renal varix.

In 70 cases of renal angioma (including varix) reviewed by Lazarus and
Marks, in which the sex was mentioned, 25 were females and 34 were males.
The majority of cases occurred in the third and fourth decades with ages rang-
ing from four days to 66 years. Fifty-five per cent of the cases in which the age
was stated were between 21 and 40 years of age and 70 per cent were less than
40 years of age.

In the majority of cases the lesion is single and unilateral, but multiplicity
and apparent bilaterality (Paletz and Sewell) have been reported. The tumors
have varied from a few millimeters in diameter to a mass occupying one third
of the kidney (Gile). Of the cases reviewed by Lazarus and Marks, 86.9 per
cent had single and 13.1 per cent multiple tumors.

White and Braunstein classify the renal vascular tumors, excluding telangiec-

tasis and varix, into benign forms which include the capillary hemangioma,
plexiform hemangioma, and cavernous hemangioma, and malignant forms such
as } giosarcoma and 1 giobl The capillary form presents com-
monly as a small papillomatous lesion projecting into the calyces or pelvis,
whereas the plexiform and cavernous types and malignant lesions may be found
anywhere, but usually under the epithelial lining of the calyces or pelvis. Dukes
doubts that renal i is a pl or even a lar malformation, but
suggests rather that it represents vascular reparative tissue resulting from trauma
or infection. Jacobs and Rosenberg have called for a distinction between true
telangiectasis and true angioma, pointing out that the former is vascular enlarge-
ment resulting from dilatation and capillary proliferation, whereas the latter is
angioblastic, constitutes a true neoplasm, and usually shows only one afferent
and one efferent vessel. Jenkins and Drennan, however, feel that the difference
between telangiectasis and angioma is one of degree rather than of kind. How-
ever justified, on pathelogic grounds, the distinction between angioma and
telangiectasis or varix may be, the case reports and reviews in the literature
rarely permit a sharp line of distinction to be drawn between the two conditions.
Borst has suggested that renal angioma is a form of hamartoma. The heman-
gioblastoma occurring in a case of von Hippel's disease (Melicow) lends some
support to this thesis if one accepts von Hippel’s disease (retinal angiomatosis)
as an illustration of hamartiosis (Moolten). These tumors may occur anywhere
in the kidney but the tip of the papilla is the most common site. In the latter posi-
tion they are usually small although lesions of the calyx and pelvis often reach
considerable size before breaking into the pelvis.

Although most benign renal growths produce symptoms by virtue of their
size, hemangioma of the kidney is an exception. Hematuria, occasionally massive
and usually intermittent, is the first, the most common, and the only symptom
in the majority of cases. It was present in 95 per cent of the cases reviewed
by Lazarus and Marks. Occasionally a prolonged history of intermittent
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of paticnts in Henthorne's series had some form of chronic inflammatory or
abstructive renal discase, the possibility of an acquired lymphangiectasis was
considered strong. The cysts occurred as multiloculated confluent masses about
the renal pelvis and in the renal hilus. In only one of 20 cases was the size of the
lesion considered of possible clinical importance.

Kretschmer and Hibbs reviewed the literature on retroperitoneal lymphangioma
in 1034 and were able to find only 4 cases to which they added one. Four of the
tumors occurred in males, the other in a female. The ages of the 5 patients were
four, five, 40, 58, and 59 years. The symptoms were those of any retroperitoneal
tumor. Four of the patients had a mass and 3 had pain. The diagnosis was not
made until operation in any of the cases, although the authars’ case showed
pyclographic deformity suggestive of renal tumor. The outcome was good in 4
of the 5 cases. In only one case was the neoplasm actually attached to the kidney
although it was adjacent to the kidney in at least two other instances reported in
the literature.

Wynn-Williams and Morgan report a casc of polypoid lymphangioma of the
kidney in a 33 year old woman whose retrograde pyclogram showed a distorted
pelvis, suggesting a tumor of the pelvis or parenchyma. Pulaski reports a case of
unilateral pyeclonephritis presumably resulting from compression of the left
renal pedicle by a cavernous lymphangioma. The patient had hypertension and
ultimately died from intracerebral hemorrhage.

According to Ewing such retroperitoncal Iymphangiomas represent true
neoplasms and consist of multilocular, cavernous, and cystic masses originating
along the spinal column and ramifying retroperitoneally. Microscopically the
tumor is composed of lymph vessels of varying size. The pathogenesis of these
lesions is uncertain,

(7) BRenal Tumors Associated with Tuberous Sclerosis: Because of the fre-
quent association of renal growths with tul lerosis, some cl ization
of the latter entity is warranted. According to Moolten 2 or more of the following
criteria are necessary for the diagnosis of the tuberous sclerosis complex: mental
retardation, epilepsy, adenoma sebaceum, phacoma of the retina, multiple mixed
tumors of the kidney, and a familial history. More than half of the patients war-
ranting the diagnosis of tuberous sclerosis will have renal tumors, usually occur-
ring as incidental autopsy findings. Occasionally the bulk and multiplicity of
these lesions may cause uremia or give the pyelographic picture of renal poly-
cystic disease.

 The tumors are commonly consi(?ered hamartomas and therefore not neoplasms
ina 'stnct sense. They may oceur singly or as multiple nodules in the cortex. The
il 7y nd el of fosons st ot nd scout o
brolipomyo-angicsarcorxil (etc. O‘;casior:’:ﬁosimoma’ ’;ibrOIlPOmyo-angioma, &
cases of tuberous sclerosi;. A few insmn;esyofr::fb:: . “fopla'sms do. occur in
renal ad arcinoma or ad us sclerosis associated with

; yosarcoma have been reported.
Moolten points out that isolated hamartomas of the Iliidne
pendently of the tuberous sclerosis complex and cites the m,
an illustration. The solitary,
monly classified

Y may occur inde-

s n edullary fibroma as
benign mixed tumors of the cortex which are com-

according to the dominant tissue element (hemangioma, lipoma,
a, a,
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In 8 of the 17 the tumors were pathologically malignant. The age range in the
clinical instances varied from 15 to 71 years.

The histogenesis of this neoplasm is uncertain. Although smooth muscle is
narmally found in the renal pelvis and calyces and in the renal capsule, it is
absent from the parenchyma except in the walls of the blood vessels. It bas been
suggested that thesc tumors are choristomas or hamartomas or that they arise
from smooth muscle in the capsule, calyces, or blood vessels. Leiomyomas have
a tendency to form largre arteries, a rather vnique pathologic feature,

The tumors are usually slow-growing, circumscribed masses which cause symp-
toms because of their size. Mass and pain are the most common presenting com-
plaints, although hematuria occurs rarely. Of the 17 surgical cases referred to
above, 13 had pain, 9 had a mass, 2 had fever, and 2 had hematuria. Pyelographic
studies uswally show changes suggestive of renal tumor. The small number of
cases, the often unsatistactory pathologic data, and the incomplete follaw-up
periads make an accurate estimate of prognosis impossible.

(b) Rhabdomyoma, According to Ewing, tumors containing striated muscle
occur more frequently in the kidney than in any other organ, Most, if not all,
neoplasms of the kidney containing skeletal muscle belong in the embryonal
group of renal growths, Constance has reported the occurrence of bilateral flank
masses in a one year old infant in whom bilateral tumors consisting primarily of
striated muscle were found. Such a tumor can be properly considered a variant
of the Wilms embryoma.

(5) Mixed Tumars: Mised tumors of the kidney are composed of more than
one tissuc element and are not to be confused with the mixed embryonal tumors
which will be considered in a later section. Most of the ncoplasms already dis-
cussed accur in a relatively rather than absolutely pure form and commonly con-
tain tissues other than the ane from which they derive thelr name. Isolated
instances of a wide varicty of such mited tumors of the kidney have been
reported, including fibrolipomyoma, lipomyoma, lipofibroma, myxolipoma, L
pomyo-angioma, and many other binations. Although pithelial el t
predominate, epithelial elements oceasionally occur as ip the adenoBbroma re-
ported by Gordon-Taylor. That some or all of these tumors may be hamartomas
has been suggested. The symptoms produced by these growths are usually these
due to size and pressure. Mass and pain are common. Hematuria is relatively un-
common. The nsual treatment in the reported cases bas been nephrectomy.

(6) Lymphangioma: True perirenal lymphangioma is an extremely rare tumor.
Solitary peripelvic lymphatic cysts and multilocular lymphatic cysts must be
distinguished from true lymphangioma. Peripelvic Iymphatic cysts are sare,
generally small, and usually incidental findings at autopsy (Scholl). On the rare
aceasions when such cysts reach large size, there may be pain and pyelographic
distortion. Scholl has reported 2 cases in which the pressure of a peripelvic cyst
on the renal vessels presumably caused hypertension which was relieved follow-
ing nephrectomy.

Multiloculated lymphatic cysts have been discussed by Henthorne who found
such eysts in 1.28 per cent of 1,175 autopsies in pitients between 17 and 71
years of age. The average age incidence was 60.5 years, They occur abcut‘ four
times as commonly in males as in females. In view of the fact that the majority
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nodule in the liver, There was no evidence of a lymphosarcoma elsewhere in the
body.

P\)ex\:\l sarcomas are generally large, the average weight being 1262 gm. and
the average size being 15 X 14 % 12 em. (Judd and Donald). In only 2 of 20
cases was a capsular origin suggested for the tumor, the others apparently
arising within the renal parenchyma. Among 35 cases of renal sarcoma, 40 per
cent showed gross invasion of the renal vein and 81 per cent Liad gross invasion
of the renal pelvis { Weise!, Dockerty, and Priestley). The tumors were generally
encapsulated, but in one third of the cases there was invasion cither of the
kidney or of the surrounding tissues.

Clinically these tumors exhibit no features which distinguish them from
renal adenocarcinomas. In 35 patients the average duration of symptoms was 10
months (Weisel, Dockerty, and Priestley). Thirty-one of the patients had a mass
and pain either singly or as combined symptoms, and 9 had gross hematuria,
Twenty-eight patients had a palpable mass and 4 had fever. The pyelographic
Bindings show no siguificant differences from those of the more common forms
of parenchymal renal cancer. The roentgenographic findings suggested renal
tumor in 17 of 35 cases (Weisel, Dockerty, and Priestley).

Nephrectomy was accomplished in 81 of 35 patients while 4 patients had only
laparotomy and biopsy (Weisel, Dockerty, and Priestley}. According to Powell
and Clark, a 10 per cent five year survival can be anticipated. Weisel, Dockerty,
and Priestley also estimate the five year salvage rate at 10 per cent. In the major-
ity of cases there is recurrence within six months and death within 10 months
postoperatively. The operative mortality has been between 15 and 20 per cent in
the cases subjected to nephrectomy.

(2) Liposarcoma: Malignant retroperitoneal fatty tumors include some of
the most massive growths ever reported. Hirsch and Wells report a 69 pound
liposarcoma surrounding but not invading the kidney. The great majority of
these neoplasms are actually perirenal rather than intrarenal in origin. Stout
has pointed out the predilection of liposarcoma for the perirenal area and the fact
th.at fhis tumor is much less common than lipoma. Lipasarcoma apparently arising
within the kidney is rare. Thxrteen apparent instances have been reported, only
5 of .\vhi'ch were not assoslated with tuberous sclerosis (Newman and Reed).
Considering all forms of liposarcoma, the sex incidence is approximately equal
and the majority of cases occur beyond the age of 40 years with a mean age of
53 years (Stout). Cases in children have been reported.

) The growth rate may vary markedly in different cases. The tumor may con-
tinue to grow even though the host is becoming emaciated, but no qualitative
difference between the tumor fat and the normal fat has been detected. The
?f;}eﬁﬁ :sfs a E:Eree :Edo:lgm:):‘;:::;: l:Ie most striking clinical feature, Pain, fever,

elg S, 3 * yrflptoms make up the remainder of the
clinjcal picture. Complete surgical excision offers the only

though th : prospect of cure. Al-

gh these tumors are often slo\v-gm\vmg, they tend to recur locally follows:
removal. Metastases rarely occur, ¥ tollowing

(8) Osteogenic S : Extraskel ifvi
teogenic sarcoma occurring as a Pprimary Iml::so'fy;:gthteux]?‘o; s ar? rare, and os-
In 1936 Haining and Poole reported the ey s most unusual.

case of a 76 year old man with an
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myoma, etc.) are considered by Moolten to have a possible hamartial origin. The
same author believes Lindau’s discase to be a form of hamartiosis of vascular
type, characterized by retinal angiomatosis (von Hippel's disease), cerebellar
angiomas, cysts of the liver, pancreas, and kidney, and angiomas, adenomas, or
adenocarcinomas of the kidney. Single large renal tumors occur rarely in patients
with tuberous sclerosis but multiple bilateral tumors are common, occasionally
associated with renal cysts and other anomalies (Fish and McLaughlin). The
varying growth rates of different lesions in the same individual explain how a
patient with tuberous sclerosis with less active brain lesions can reach adult life
with little or no neurologic signs or symptoms and at that time manifest a renal
neoplasm. Fish and McLaughlin report a case in the latter category. Greene
and Rosenthal have reported the occurrence of multiple “hypernephromas” of
the kidney in association with Lindau's disease.

(8) Osteoma: True pararenal osteoma is an extremely rare tumor and must
be distinguished from the metaplastic ossification or chondrification which occurs
occasionally in perirenal lipomas (Allen), and also from the occasional bone
tormation found within a pararenal teratoma. Kretschmer has reported a case
of true pararenal ostcoma.

Malignant Tumors. (1) Sarcoma; According to Armstrong, less than 100 cases
of all varieties of renal sarcoma appear in the literature, and of these approxi-
mately one-third are apparently fibrosarcomas. Of 570 patients who had opera-
tions for malignant renal tumors, 28 were found to have sarcomas, 20 (3.5 per
cent) of which were proved microscopically to arise from the kidney itself (Judd
and Donald}. According to Powell and Clark, renal sarcoma constitutes 2 to 3
per cent of primary renal tumors. Renal sarcoma occurred once in 30,000 admis-
sions and Wilms’s tumor approximately once in 25,000 admissions at the Mayo
Clinic (Weisel, Dockerty, and Priestley). The same authors found renal adeno-
carcinoma to be about 20 times as common and epithelial renal pelvis tumors
approximately four times as common as renal sarcoma.

The sex incidence is equal. Of 85 cases, 19 occurred in males and 16 in females
(Weisel, Dockerty, and Priestley). The ages ranged from two and one half to
76 years, with the peak incidence in the early part of the sixth decade. In the
review by Mintz, 55 per cent of the patients fell within the age range of 40
to 60 years.

Much of the confusion regarding renal sarcomas is due to failure to distinguish
these growths from anaplastic and undifferentiated carcinomas, from lymphomas
and from tumors of the embryonal group. In the cases reported by Judd and
Donald, 6 were fibrosarcomas, 6 were sarcomas of undiagnosed type, 3 were
spindle cell sarcomas, and there was one of each of the following: round cell
sarcoma, liposarcoma, myxosarcoma, fibromyxosarcoma, and mixed cell sarcoma.
In areview of 93 cases of adult renal sarcoma, Mintz found 23 spindle cell sarcomas,
18 unclassified sarcomas, 12 fibrosarcomas, 11 embryonal mixed sarcomas, 6
leiomyosarcomas, and smaller numbers of various other types. There is no
authenticated instance of a lymphoma primary in the kidney. However, recently
Davis and Olivetti have reported a 67 year old man who died of uremia and in
whom autopsy revealed diffuse bilateral lymphomatous infiltration of both
kidneys, both adrenals, and the adjacent fat, and a single small lymphomatous
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much maligned term “hypernephroma.” The latter was employed by Birch-
Hirschfeld to designate the tumor which Grawitz considercd to originate from
adrenal rests, but which is now generally conceded to arise from the epithelium
of the renal parenchyma, The term “hypcmcpllmm:\" properly should be
reserved for those rare tumors of true adrenal rest origin.

Renal adenocarcinoma makes up approsimately 80 per cent of all renal tumors;
502 (78.2 per cent) of 642 malignant renal neoplasms were of this type (Priest-
ley). Melicow found 167 (83.9 per cent) cases of renal adenocarcinoma in 199
renal tumors. The highest incidence occurs in the decade from 50 to 60 years.
In 367 cases the average age was 51.76 years (Judd and Hand). Approximately
80 per cent of all cases ocenr in the fifth, sixth, and seventh decades. The ma-
jority of authors indicate a definite predominance of males over females for this
neoplasm, the ratio varying between 6:4 and 7:3.

Renal adenocarcinoma has been reported in association with renal anomalies,
polycystic disease of the kidneys, remal calculi, and other types of remal
neoplasms, but such occurrence can be considered no more than coincidental.
Oceasional instances of bilaterality have been reported. Hyman and Leiter report
4 cases of amyloid disease associated with renal adenocarcinoma and suggest
that the amyloidosis may have been due to the long existence of a type of
neoplasm which is prone to show degenerative changes.

Much time and effort have been expended in attempts to subdivide renal
adenocarcinomas into different pathologic types on the basis of tumor pattern
and cytology, and on the basis of pr d diffe in pathog is. It has
become increasingly evident, however, that different portions of the same
neoplasm may show wide variations in cytologic and structural characteristics,
and that such subdivisions are arbitrary and artificial (Foot and Humphreys;
Foot, Humphreys, and Whitmore). It, therefore, seems most reasonable to
employ the term “renal adenocarcinoma” or “renal cell carcinoma” to characterize
all tumors within the group, with the realization that the cytologic and structural
characteristics of any given tumor have significant bearing on the prognosis
(Hand and Broders; Foot, Humphreys, and Whitmore).
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osteogenic sarcoma of the left kidney which had metastasized to the right kid-
ney, to the liver, and to the bowel. Hamer and Wishard in 1948 presented a
strikingly similar case. The patient was a 76 year old man with hematuria who
was tound to have an osteogenic sarcoma arising adjacent to the right kidney,
invading the kidney, and metastasizing to bone.

Tuntors oF THE PARENCHYMAL EPITHELIUM

Neoplasms of this group are by far the most common and, therefore, the most
important of renal tumors.

Benign Tumors. (1) Adenoma: Adenomas are common incidental findings at
autopsy and occasionally grow to a size sufficient to produce symptoms. The
trequency of incidental renal adenomas has been variously reported as between
0.13 per cent and 3.7 per cent of all kidneys examined (Kozoll and Kirshbaum;
Nurnberg; Newcomb), the incidence increasing progressively in the decades
past middle life and paralleling the incidence of renal vascular disease. Cristol,
McDonald, and Emmett found that incidental adenomas occur with greater
frequency in kidneys containing renal adenocarcinoma than in noncancerous
kidneys. They found an over-all incidence of 4.4 per cent incidental adenomas
mn patients with renal adenocarcinoma, 5.8 per cent in males and 1.3 per cent
in females,

Fifty instances of clinically important ad as have been reported (Cristol,
Bothe, and Grotzinger). The age incidence of these neoplasms approximates
that of renal adenocarcinoma. In 50 cases the age range was from 11 months
to 81 years. The sex incidence in the clinical adenomas is equal, a feature which
distinguishes them from renal adenocarcinomas.

The majority of incidental adenomas found at autopsy are small growths
varying in size up to a few millimeters in diameter, usually occurring in sclerotic
kidneys in association with cysts, and occasionally being multiple and bilateral.
The gross distinction between a large adenoma and a renal adenocarcinoma may
be difficult, and indeed the microscopic criteria of differentiation are not clear-
cut. Bell distinguishes a papillary cystadenoma which may be solid or cystic
and usually occurs in association with cysts and cortical scars in sclerotic kidneys,
and a solid adenoma which occurs in the cortex of an otherwise normal kidney.
He believes that the former rarely if ever develops into a malignant tumor,
whereas the latter is arbitrarily considered malignant if its diameter exceeds
8 cm.

Clinically occurring adenomas show no important differences from renal
adenocarcinoma as tar as the clinical picture is concerned. Twenty-seven of
the 50 cases had gross hematuria (Cristol, Bothe, and Grotzinger). The classic
triad of pain, mass, and hematuria may also occur in renal adenoma. Pyelography
usually reveals a deformity typical of parenchymal tumor of the kidney. The com-
mon treatment has been nephrectormny. Of the 50 patients 3 had large adenomas
at autopsy, 43 had nephrectomy, 8 had local excision, and 1 had simple biopsy.
There are no data on the prognosis of these tumors.

Malignant Tumors. Renal Adenocarcinoma: Carcinomas of the renal epithelium
constitute by far the most common and most important group of renal neoplasms.
The term “renal cell carcinoma” or “ renal adenocarcinoma” is preferrred to the
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and these metastases may cause the presenting symptoms in some cases. The
lungs arc the most common sitc of metastases, with the liver, lymph nodes, and
bones being involved in about that order of frequency thereafter. Approximately
50 per cent of the metastases oceur in the Jungs. Occasionally, bizarre metastases
to the skin, tonsil, larynx, thyroid, or vagina may be rcsponsible for the presenting
symp and more ly tic involvement of Virchow’s node or of
the upper humerus may be responsible for the initial complaints. More than onc
Iob y or | y has been carried out for a supposedly primary
pulmonary tumor which ultimately proved to be a metastasis from a renal adeno-
carcinoma. Approximately one third of all patients with renal adenocarcinoma
are deprived of any hope of surgical cure by virtue of the fact that metastases
are present at the time of diagnosis. Of the patients without evidence of
metastases, about 90 per cent have removable tumors (Priestley). The opera-
tive mortality for nephrectomy has fallen steadily during the past 20 years
and is now in the vicinity of 1 per cent. The following factors have been shown
to be fated with the prognosis of renal ad i :

(1) The average duration of symptoms preoperatively and the average dura-
tion of life following nephrectomy, both in the living and the dead patients, are
less tor females than for males, suggesting that renal adenocarcinoma runs
a more rapid course in women (Judd and Hand).

(2) The patients who survive longest following nephrectomy have their first
symptoms at an earlier average age than those patients who obtain a poor result
following nephrectomy (Judd and Hand).

(3) The average duration of symptoms preoperatively was longer in those
patients who were explored and found to be inoperable than in those who were
explored and had nephrectomy (Judd and Hand).

(4) The mos.t favorable prognosis occurs in those patients whose only symptom -
preoReratively is _hematuria (Herger and Sauer; Harvey). When the classic triad
of pain, hematuria, and a mass is present, the neoplasm is always far advanced
(H.erger and Sauer). Such constitutional symptoms as fever, weakness, and
weight loss do not mean 2 hopeless outlook and may disappear promptly with
removal of the renal tumor. ‘

(5) Forty per cent of patients with a presenting hemoglobin of 80 per cent
or more survived 10 or more years, whereas only 20 per cent of patients with
hemoglobin of 60 per cent or less survived 10 D Wikl &
Similarly, patients slith a leukocyte countv:f [} Sogro:’f;si {ﬁri Her (}leemtion.
with a higher count (Priestley). ’ etter than those

(6) Calcification within a renal tumor is consid i
(Fetter; Braasch and Griffin; Goldstein and Abeesf:u?e?v:;gb]:nmg:fby solr’x;e
sign by others { Austen; Cahill and I’\le’limw). ’ unfavorable

(7) Tumors occurring on the right side seem to i i
favorable prognosis than do lumorsgoccurring on the ll:a?t ::(sizm(?fgd“;:}(; ?{m:)lre
presumably because of the fact that the lower position of the right ki T
to earlier diagnosis. ght Kidney leads
(8) Strangely enough, upper pole tumors were associate
expectancy than were tumors of the lowe
(9) The weight of the tumor is an im;

d with a greater life
t pole or middle portion of the kidney.
portant factor in prognosis. Of patients
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occur only once during the course of the illness. Although the bleeding is
ordinarily painless, colicky pain may result from the passage of blood clots
down the ureter. Hematuria of tumor origin is usually more severe than that
from other causes and is usually unaccompanied by other urinary symptoms. The
bleeding resulting from neoplasm may represent bleeding from the growth per se
or trom a passively congested kidney parenchyma adjacent to the tumor. There
is nothing characteristic about either the duration or periodicity of the bleeding
from a tumor.

Lumbar pain occurs in approximately 50 per cent of patients. The pain may be
colicky because of the passage of blood clots, dull and aching, or of neuralgic
type owing to tumor pressure on, or actual tumor invasion of, the ilioinguinal,
iliohypogastric, genitofemoral, or subcostal nerves.

A varying proportion of patients complain of symptoms outside of the urinary
tract, In 58 cases of renal neoplasm presenting 191 symptoms, 58 per cent of the
symptoms were urologic, 18 per cent constitutional, 14 per cent gastro-intestinal, 5
per cent cardiorespiratory, 4 per cent neurologic, and 1 per cent skeletal (Nalle).
Of the constitutional symptoms, weight loss was the most common and occurred
in 60 of 100 consecutive cases while weakness and fatigability were present in
22 patients and fever in 9 (Cahill). Occasionally, constitutional symptoms may
be the only manifestation of a renal tumor and, rarely, fever may be the first or
only symptom and sign (McCague). The most common gastro-intestinal symp-
toms are nausea, vomiting, and constipation, and occasionally these may be
the presenting or the only symptoms of a renal neoplasm.

The most striking physical finding is the presence of a mass which is palpable
in 40 to 80 per cent and has been personally noted by the patient in 10 to 15
per cent of all cases. According to Harvey, 93 per cent of patients showed
proteinuria, 77 per cent microscopic hematuria, and 59 per cent gross hematuria.
Examination of the urinary sedi by the Papanicolaou technic may have sup-
P value in the di of renal ad i but cells from this
neoplasm may not appear in the urine, or, appearing, may offer considerable
difficulty in differentiation from normal renal epithelial cells.

Calcification may be a helpful diagnostic feature in the diagnosis of renal
tumors. Cahill and Melicow reported small or large areas of calcification in 15
per cent of 82 cases of renal adenocarcinoma. Austen observed calcification in
16.3 per cent of 88 malignant renal tumers. Intravenous and retrograde pyelog-
raphy usually permit an accurate presumptive diagnosis.

There is no doubt that nephrectomy is the treatment of choice for renal adeno-
carcinoma. Although some such growths will diminish in size with irradiation,
this reduction in bulk is due more to infarction from the effects of the therapy
on the blood vessels than to direct effect on the tumor cells. Vermooten, on the
basis of what he considers to be a definite difference betwen cortical and

dullary renal ad 1) suggests that cortical tumors may, in some

at least, be fully treated by local excision with a 1 cm. margin

of healthy kidney. This certainly represents a radical therapeutic although not a
radical surgical approach.

Approximately one third of all patients with renal adenocarcinoma have
metastases to distant structures when they are first seen (Cahill; Fetter; Nalle),

tal
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In Priestley’s large series of renal adenocarcinomas, the five year survival rate
was 38.4 per cent and the 10 year survival rate was 27.3 per cent, based on the
number of traced patients who had had nephrectomy. Foot, ITumphreys, and
Whitmore found a 88 per cent five year survival in 85 determinate cases and
222 per cent 10 year survival in 40 determinate cases of renal ndcnocmcil‘mma. The
dilference in the five and 10 year survival rates is a clear demonstration of the
relatively slow growth of the majority of these tumors. Other evidence of this
slow growth is furnished by the frequently long history of pain, abdominal mass,
or intermittent hematuria obtained at the time of initial examination. Fetter has
reported an inst of left nephrectomy for renal adenocarcinoma with renal
vein tumor thrombosis at the time of operation, but without evident distant
metastasis. Five years later the patient developed recurrence in the left scrotal
veins and epididymis. These structures were removed and the patient was still
living and well 18 years after nephrectomy, Snelling has cited 2 paticnts who
developed local recurrences nine and 15 years after nephrectomy for renal adeno-
carcinoma and who died 12 and 16 years, respectively, after nephrectomy.

The peculiar clinical behavior of renal adenocarcinomas is further evidenced
by the rare report of the spontaneous disappearance of apparent metastases fol-
lowing removal of the primary lesion. Such cases have been reported by Bumpus
and by Mann, Barney and Churchill report a patient with renal adenocarcinoma
and a solitary pulmonary metastasis who was treated by nephrectomy followed
15 months later by partial lobectomy and who has since survived over 12 years
(Alexander and Haight). Such a result stimulates interest in a more radical ap-
proach to the problem of renal adenocarcinoma with an apparently solitary
metastasis, particularly when the latter appears some years after the removal of
the primary lesion. Certainly anyone who has seen a considerable number of
patients with renal adenocarcinoma cannot fail to be impressed by the bizarre
manifestations of this tumor and by the rare instances of prolonged survival
even in t}'ze presence of widespread metastatic disease. Although local recurrence
appears in zj\bout one third of the therapeutic failures following nephrectomy,
the concomitant presence of metastases, usually in the lungs, liver, or bones,
frequently constitutes a more pressing problem.

Sevveral authors have called attention to a possible relationship between hyper-
tension and renal tumors. Many more clinical observations must be made, how-
ever, bfefore the presence of any direct causal xelationship can be either affirmed
or denied. In a clinical study of 57 patients with “hypemephroma” Bohn found
fexlx;i::;ls oi) Lel?v:ﬂean;ihls of essential hypertension, bu.t could establish no causal

nship 1 1 the neoplasm and the hypertension. Hypertension did not
oceur in patients with extensive unilateral or bilateral growths or in 8 pati
with additional venous occlusion by tumor. Morlock and Horton 191‘—: El.lts
unable to establish any definite relationship between renal neopl o and e
tension in a survey of 491 cases. ; plasm and hyper-




354 MONOGRAPHS ON SURGERY

with tumors weighing 500 gm. or less 46.5 per cent survived five or more years,
whereas 24.8 per cent of patients with tumors of 1000 gm. or less survived five
or more years after operation (Pricstley),

(10) Extension of the tumor into the renal capsule, perirenal fat, hilar nodes,
peritoncum, or adjacent viscera was generally associated with an unfavorable
prognosis.

(11) Renal epithelial tumors show remarkable and unusual tendencies to
advance via veins. Bonnecarrere has pointed out that slowing of the circulation,
parietal injury of the vessel, and alteration of the blood constituents result in the
formation of obliterant and progressive tumor thrombi which account for the
muitiple nodules of i ionally scen within the same kidney.

Ney has pointed out that renal tumors are by far the most common cancer
associated with tumor thrombosis of the inferior vena cava, and that such
thrombosis is usually a direct extension from the renal vein. Most of the cases
in which thrombosis of the inferior vena cava is associated with renal tumor
have been on the right side, probably owing to the presence of a shorter renal
vein on that side. In such patients, edema of one or both extremities is a common
finding and survival for more than six months after signs of obstruction have
developed is unusual. Renal vein thrombosis was accompanied by an absence
of visualization of the kidney on intravenous pyelography in 8 of 16 cases (Beer).
The presence of mnltiple large distended veins over the surface of the tumor is nlso
suggestive of renal vein thrombosis. Venous thrombosis is usually associated with
a poor prognosis, but does not necessarily mean a hopeless one,

(12) The pathologic features of the tumor are of major significance in prognosis
(Hand and Broders; Priestley; Melicow; Foot, Humphreys, and Whitmore).
When graded according to the method of Broders, Priestley found 73.3 per cent
of grade t cases surviving three or more years ®, whereas only 22.2 per cent of
grade 1v cases survived a similar period, and ten or more years after aperation
the corresponding survival rates were 47.6 per cent and 3.2 per cent, respectively.

Foot, Humphreys, and Whitmore found that a favorable pathologic picture
was the most promi d in an analysis of nine 10 year
survivals (22 per cent of 40 determinate t cases) following nephrectomy for renal
adenocarcinoma, Tumors made up of clear cells with isometric nuclei, arranged
in solid cords or in alveolar pattern with dense, coarse fibrous septa seemed to
offer a better prognosis than tumors containing granular cells in papillary or
tubular patterns with irregular thin septa, Cystic degeneration and hemorrhage
seemed to be favorable factors of secondary importance in the prognosis, Cahill
estimates the five year survival at 25 to 50 per cent for clear cell renal adeno-
carcinomas and 5 to 10 per cent for granular cell tumors.

© Survival rates are based on the number of traced patients who had submitted to
nephrectomy.

The designation “determinate” excludes from the survival caleulations patients who: (1)
applied after treatment elsewhere and had no evidence of cancer an admission or thereafter;
(2) patients who came for consultation only, without request for treatment; (3) patients who
refused treatment; (4) patents who died within the indicated survival period (five or ten

ears) of other causes without recursrence of cances; (5) patients lost track of within the
indicated survival period without recurrence of cancer. The designation “determinate” includes
operative deaths, however.
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genesis has been widely discussed. Kutzmann found leukoplakia i.n 11.9 per cent
of cases of squamous carcinoma of the renal pelvis. Lcukopl:\k\.n of the renal
pelvis is, therefore, regarded as a precancerous Iesion, and, accordu.lg to' McCrea,
should be treated by nephrectomy. Although chronic irritation, vitamin A defi-
ciency, chemical irritation, and congenital rests have been invoked to cg(p]mn
the leukoplakia, the latter is sometimes unassociated with any of the considered
etiologic factors. Of the 8 cases of mucous adenocarcinoma which have been
reported, all have been associated with chronic renal infection and caleulus
(Ragins and Rolnick; Ackerman; Plaut).

In 74 patients with papillary growths involving the kidney and ureter or
bladder, hematuria was present in over 93 per cent, pain in slightly over 50
per cent, a palpable tumor in about 15 per cent, and the classic triad of pain,
tumor, and hematuria in 10 per cent (Kimball and Ferris). A palpable mass is
less common in such patients than in those with renal adenocarcinoma and, when
it does occur, is usually due to hydronephrosis occasioned by obstruction of the
renal outlet by the neoplasm, Infection secondary to obstruction is far more com-
mon in tumors of the renal pelvis than in renal parenchymal lesions. The
Papanicolaou smear of the urinary sediment is of considerable value in the dif-
ferential diagnosis of malignant lesions of this group, but of little value in the
benign papilloma. As might be anticipated, tumor cells are usually abundant in
the urine in these cases, but the cytologic variation from normal is so slight with
benign papilloma that a positive diagnosis cannot be made. Unless the ureter is
completely blocked, a carcinoma of the renal pelvis or ureter usually provides
good material for diagnosis by the Papanicolaou method. On pyleography a
diagnosis of neoplasm of the renal pelvis was made in about two thirds of the
cases while some form of obstructive nephropathy or calculous disease was
considered the primary diagnosis in the remaining cases (Melicow).

The accepted treatment of papillary tumors of the renal pelvis is complete
nephro-ureterectomy. In 1934 Kimball and Ferris were able to assemble 74
instances in which a papillary tumor involved the renal pelvis and ureter or
bladder. In 33 per cent of the patients growths were present in the ureter and/or
bladder as well as in the renal pelvis at the time of the initial examination. In
the remaining patients new growths developed in the ureter and/or bladder after
treatment of the original growth, usually by nephrectomy or by nephrectomy
with incomplete ureterectomy. Of the recurrences in 50 patients, 24 (48 per cent)
were at the ureteral orifice, 18 (36 per cent) at the ureteral orifice and bladder,
7 (14‘ per cent) in the bladder, and only 1 (2 per cent) in the ureter aloner
The time before recurrence varied from one month to six years, but in 83 of the
50 cases it occufred w.ithin six mont_]\s to three years. In the 74 éases, the original
tumor was malignant in 38 and benign in 86 instances. In those with an originall:
malignant tumor the recurrences were usually malignant, and in tho s ]):
originally benign tumors, the recurrences were usually ben ;1 The high i s"idwlt
of initial ureteral and vesical involvement, the high incidsnée of Igt mlcl cnee
rence,] an;i t!led?ccasionnl recurrence of an initially beni gn lesion :Sr: e;i,, y :;:::;
?:;af“iﬂr;{;:ré:‘l‘!i ft}:}e‘en::zi efo)r .corkl;]plete nephm~ureterecmmy (x'ncluding the
group. T) 1n the treatment of neoplasms of the papillary
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Tunors oF Tie Eprruertoy oF THE ReNaL PeLvis

Neoplasms of the renal pelvis constitute between § and 10 per cent of all renal
tumors and may be classified as:

A. Benign tumors
(1) Papilloma
B. Malignant tumors
(1) Papillary transitional cell, epidermoid, or squartous carcinoma
(2) Nonpapillary transitional cell, epidermoid, or squamous carcinoma
(3) Mucous adenocarcinoma

Ragins and Rolnick found the incidence of renal pelvis ncoplasms among 122
nephrectomies for tumor to be 10.7 per cent. Kutzmann found a 6.2 per cent
incidence of renal pelvis growths in an analysis of 3,499 renal neoplasms. Thomas
and Regnier state that lesions of the renal pelvis constitute 5 to 7 per cent of
all renal neoplasms. Priestley found 62 epitheliomas of the renal pelvis in 642
renal tumors, an incidence of 9.6 per cent.

The relative incidence of the various types of growths of the renal pelvis as
approximated from a review of several authorities (Hunt; Melicow; Cahill;
McDonald and Priestley; Kutzmann) is as follows:

A. Bemgn Tumors ...... 30
B. Mabgnant Tumors .

...(1) Papilloms
A1) Papillary Cnmnonl\l:

cell, epid id or sq! )

{2) Nonpapilary Carciroma .......... cooovuenuinen 23
{a) Transitional cell or epidermoid 10 per cent
{b) Squamous 15 per cent

{3) Mucous Adenocarcinoma—3 cases reported

For all types of renal pelvis neopl the imal age incid is in the sixth
decade with the great majority of cases occurring within the age range of 40
to 70 years. The sex incidence for these growths is predomm'mtly male thh a
ratio of between 2:1 and 3:1, excepting the nonpapill car

for which the sex incidence is approximately equal (D'lvxdson)

The papillary lesions are usually transitional cell neoplasms similar to those
occurring in the bladder and can be graded in a manner similar to bladder
tumors. Although the etiology, as for other renal growths, is unknown oceasional
instances of papillary renal pelvis tumors have been reported among workers
in the aniline dye mdustry { \Iaca]pme) presumnbly caused Dy exposure to

beta-naphthyl 1ly occurs as a feature of
papxllary renal pelv;s i which for the app of the
ion “papillary sg carcinoma” in the classification of renn\ pelvis

neoplasms. The occurrence of such pl is, how s ly restricted
to one or more localized areas in the tumer and, as far as can be determined, has
no influence on the clinical behavior and prognosis of these lesions.

Both the nonpapillary i (especially the sq variety) and the
mucous ad i are 1 iated with infection and frequently
with calculus formation. For this reason the role of chronic irritation in their
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tul review of the literature, they divided these tumors into four types: mixed
tumors, carcinomas, sarcomas, and undifferentiated tumors. They support the
concepts of Busse and Muus in postulating the origin of these tumors from the
renal blastema and in deriving the various types of tissue encountered by a process
of metaplasia. )

(1) Mixed Tumors: The mixed tumors contain both cpithelial and connective
tissue clements typified by the so-called Wilms tamor. Varying degrees of
differentiation are scen owing to the unlimited development potency of the
embryonal cells. Occasionally areas of clear cell carcinoma are found. The
authors add 4 such cases to the 97 similar mixed tumors found in the literature.
The ages ranged from 16 to 80 years, with the greatest incidence during the
sixth decade and the majority of patients falling between the ages of 40 and 70.
There was a slight predominance of males, Eighty-four per cent of the patients
had a palpable mass, 72 per cent complained of pain on the affected side, and
53 per cent had some degree of hematuria. Only 14 of the 64 patients in whom
data were adequate, presented the complete triad of mass, pain, and hematuria,
The average duration of symptoms was two years and seven months but exclud-
ing 5 cases with prolonged symptoms, the average was 125 months. Thirty of
45 patients known to be dead, died within about one year of nephrectomy.
Metastases occurred most frequently in the regional lymph nodes, lungs, and
liver, but also in bone, peritoneum, heart, contralateral kidney, thyroid, and
brain. No correlation was found between survival and either the size or histology
of the tumor, and there was no apparent advantage of transperitoneal over
lumbar nephrectomy. -

(2) Carcinoma: Culp and Hartman feel that many of the alleged renal
sarcomas reported in the literature are in reality embryonal carcinomas and regard
these tumors as potentially or actually mixed cell tumors in which the epithelial
elements have outstripped other tissue elements, The authors found 18 such
cases in the literature and added 8. Most of the patients with this type of tumor
died following nephrectomy. No significant differences in clinical behavior could
be found between this small group and the mixed cell tumors.

(8) Sarcoma: Culp and Hartman point out that the renal tubules normally
develop trom mesoblastic tissue, and that undifferentiated portions of epithelial
lumor§ can therefore logically be expected to resemble the original mesoblast.
They include the.true sarcomas of adult kidney as one form of mesoblastic
nephroma. Analysis of the reported cases indicates no significant clinical dif-
fer.ences between these and the mixed cell tumors.
ne(();l)as(xjn:dcluﬂ:egs‘:zlti‘} C::r\‘\l’:hs Allihoughbm?(slt of. the h.ighly malignant cortical
carcinomas or Pundiﬂerepntiatel(;e arcomas ;l emlﬁe'd either as undifferentiated
such definition is relegated to ths'amomas, tCe occastonal growth which defies

Embryonal Tumors%f Childr 1> grawp (Culp and Hartman).

en. Embryoma, m
nephroblastoma are synonymous desij
the experience of Memorial Hos;
in children only to neoplasms of

i tumors in child
most common, constituting

ixed tumor, Wilms’s tumor, and
lesignations for neoplasms of this group. In
pital, these growths are second in frequency
the eye. Blacklock examined 100 consecutive
and found that nephroblastoma was the second
21 per cent of the total. In spite of these d

ata, how-
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McDonald and Priestley in 1944 reviewed 75 cases of tumors of the renal pelvis,
Among 27 patients with papillary growths without infiltration there was a 52 per
cent five year survival; * among 25 patients with papillary lesions with infiltration,
a 167 per cent five year survival; and among 23 patients with nonpapillary
lesions, a 7.1 per cent five year survival.t Hydronephrosis was noted in 53 or
70.7 per cent of the cases. The incidence of ureteral and vesical involement
was, respectively, 41 per cent and 44 per cent for the noninfiltrating papillary
tumors and 24 per cent and 20 per cent for the papillary infiltrating growths.
Only the upper end of the ureter was ever involved by the flat infiltrating
neoplasms (McDonald and Priestley).

Priestley found the survival ® rate for the entire group of tumors of the renal
pelvis to be 44.7 per cent at three years, 35 per cent at five years, and 10.5 per
cent at 10 years. Of the factors influencing prognosis, the grade of the tumor
is of obvious importance. In a series of 75 cases, the five year survival was 63.2
per cent for grade 1 and 1t lesions and 13.2 per cent for grade ur and 1w lesions
(McDonald and Priestley ). Of 34 patients without venous or lymphatic involve-
ment, 16 (47.1 per cent) survived five years f, whereas of 23 patients with venous
or lymphatic involvement only 1 (4.3 per cent) lived five years. As anticipated,
the incidence of infiltration and of venous and lymphatic invasion increased with
the grade of the tumor.

Squamous cell carcinoma of the renal pelvis is a flat infiltrating growth with
an insidious onset and a fatal course. In 1942 Davidson could find no five year
cures reported in the Ji e. The preop ive diagnosis is rarely, if ever,
made. Kutzmnann in 1938 reviewed the literature and found = total of 81 cases
of squamous carcinoma of the renal pelvis, 119 per cent of which had an as-
sociated leukoplakia of the renal pevis. This tumor is almost always associated
with infection and/or stone. Pain, frequently due to infiltration of the renal hilus
and adjacent structures, is the most common symptom, occurring in approsimately
60 per cent of cases. Hematuria, weight loss, aud the presence of a mass are
each noted in about half of the cases. Pyelograph) usually leads to the diagnosis
of the associated condition, e.g., g kldney Teul disease,
hydronephrosis, and, more rarely, tumor, The treatment is nephrectomy, but
because these tumors have usxnﬂy infiltrated directly through the pelvis into
the sur ding tissues, i 1 with subseq; rapid recurrence
is the rule. The majority of p"men(s die within a year of operation, Distant
metastasis may occur but local recurrence is usually the most striking feature.

EnsryoNaL Tusons

Embryoma of the kidney constitutes one of the most common forms of cancer
in childhood. In adults, however, these tumors are quite rare.

Embryonal Tumors of Adults. In 1947 Esersky, Saffer, Panoff, and Jacobi
assembled 56 cases of Wilms' tumor in adults. Culp and Hartman suggest the
term mesoblastic nephroma for these tumors of embryonal origin, In their care-

"The survival rates are caleulated from the number of traced patients who submitted

to or
fThe survival r:tes are calculated (or the number of traced patients who submitted te
y) and who were not postoperative deaths.
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Because children in this age group are usually unable to report early signs
and symptoms, the diagnosis is not usually made until one of the parents in-
identally palpates the neopl There may be a history of low grade fever,
ill defined abdominal pain, irritability, nausea, vomiting, or weight loss. The
presenting symptom is a mass in 70 per cent, pain in about 20 per cent, and
hematuria in about 10 per cent of the cases. On examination a large smooth
mass is almost invariably felt in the flank. This is rubbery and nontender and may
be Hixed. Apparent fixation is no contraintdication to pling nept y
since it may result merely from the enormous size of the tumor. In the majority
of cases diagnosis will be suspected from the history and examination. Intravenous
pyelography will usually establish the diagnosis with reasonable clinical cer-
tainty and demonstrate the status of the other kidney, but retrograde pyelography
may be y in rare i The pyelog is apt to show distortion and
displ t. Such displ t may be forward or backward, upward or down-
ward, medially, but seldom laterally (Gross and Neuhauser). Function of the
affected kidney may be impaired to some extent but is usually present.

The treatment of Wilms's tumors of the kidney has passed through various
phases and no attempt will be made to review the history of the different
therapeutic methods. At the present time the majority of clinicians feel that a
combination of nephrectomy with roentgen therapy offers the greatest prospect
of benefit. Opinion differs, however, as to when this roentgen therapy should
be administered. The use of preoperative roentgen therapy has gradually lost
its popularity. The fact that a positive pathologic diagnosis is usually not avail-
able preoperatively and the delay in operation necessitated by preoperative ir-
radiation are the chief arguments against its use. Irradiation usually cause a
reduction in the size of the tumor and may thus reduce handling and the danger
of rupture, and facilitate surgical removal. However, immediate nephrectomy
is finding increasing favor as the method of management. Postoperative roentgen
therapy is given by most clinicians and there is increasing evidence that such
therapy is beneficial. The clinical effectiveness of postoperative irradiation is
evidenced by two observations:

(1) The established curative effects of irradiation on regional extensions and
even on pulmonary metastases in rare instances. Nesbit and Adams Teport 2
cases in which xegiona’l retroperitoneal infiltrations were left behind during
nephrectomy for Wilms’s tumor; both cases were successfully treated by post-
operative irradiation. In a third case the patient had a Wilms's tumor by biI:) s:
and qustlonable roentgenologic evidence of right pulmonary metastases; bgt}):
the primary tumor and the apparent metastases were treated by irradiah‘o;x onl
with apparent cure 10 years later. Kerr and Silver each report an instance o);

aplpargntly successful radiation control of pulmonary metastases which developed
f(}:ﬁll(()iwmg neph;e;tomy for Wilms's tumor. Gross and Neuhauser cite "sevsral
children treated by nephrectomy, but in whom e i
3 xtensions of neoplasm wer:
known to })e }?R arount% the zorta or vena cava” who obtained long terlxjn survinlse
P y of postoperative irradiation. Gross and N ;
nably beca 2 N euhause: i
ex(ensnfa irradiation for those patients who are treated by nephrectom ; e
have evidence of local extensi om );’ thm “ho
en at the time

on or local metastasis in the abd:
ereto, without evidence of metastasis outside the

of operation or subsequent th
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ever, Wilms's tumor cannot be considered common either among children as a
whole or among all remal neoplasms. In Priestley’s large scries embryomas
constituted 37 (5.8 per cent ) of 642 cases and in Melicow's series 8 {45 per cent)
of 199 cases of renal neoplasm, The sex incidence of these growths is equal. Al
though cases have been reported in the fetus, the average age of patients with
Wilms's tumors is two to three years. According to Cahill more than 80 per cent
of the reported cases have occurred before the seventh year. Maslow has re-
ported 3 cases of proved Wilms's tumor and a possible fourth case oceurring
in the same family, all in children ranging in age from 13 months to four years.
Wilms’s tumors are nsually unilateral and the high incidence of apparent bilateral-
ity reported by Wilms (7.2 per cent) and by Kretschmer and Hibbs (12 per cent)
is probably attributable to the tendency to metastatic involvement of the con-
tralateral organ.

The pathogenesis of Wilms's tumors has been a subject of widespread interest
and di fon, The pts of embryogencsis mest ly pted at the
present time are attributable to Busse and Muus who postulated the origin of
these neoplasms from a segregated postion of the venal blastema which failed
to develop normally during fetal kife but which retained its full mesenchymal
multipotency, not only to develop primitive tubules and glomeruli, but alse to
exhibit metaplastic tendencies in the formation of smooth and skeletal muscle
and cartilage. Masson has found sympathetic nerve clements in these tumors and
suggests that the growths may develop from a rest that separates at an earlier
embryologic period than that of the metanephrogenic mass or even the primi-
tive undifierentiated mesoderm. He describes a “nenroepithelium” from which

lermic el and nephrogeni hyme develop and attributes
the mixed tumor of the kidney to misplaced neuro-epithelial el

In spite of the fact that these neoplasms are undoubtedly congenital, Farber
in 3,000 necropsies on children found no Wilms's tumors, and Wells, in an equal
series on premature fetuses and stillborns, found none, These tumors may grow
to enormous size, sometimes occupying the greater portien of the abdomen. In
spite of their huge size, they tend to remain within the renal eapsule, which
prevents their spread to adjacent viscera. Although the kidney may be stretched
like a shell over the surface of the tumor, there is usually a fairly sharp fine of
demarcation between the renal parenchyma and the tumor. Cystic degeneration
and hemorthage are common. The growths are wsually smooth but may be
slightly fobulated. Mi pically a tr il degree of variation is gwossible.
Typically the tumor contains primitive epithelial elements, suggesting abortive
efforts at the formation of tubules and glomeruli, embedded in a sarcomatous
stroma. The degree of differentiation of epithelinl e ts may vary widely.
Smooth and striated muscle, fat, and cartilage are not uncommon. Large and thin-
walled vessels are a conspicuous microscopic feature and help to account for the
frequency of blood-borne metastases. McCurdy, in a review of 27 mixed tumors
of childhood, found primitive glomeruli in 58 per cent, striated muscle in 87
per cent, and smooth muscle in 64 per cent of the cases. It has been suggested

that the o ional round cell 2 oceurring in children may result from the
bility of the nephrogenic b to diff iate into tubules and glomeruli
in the absence of collecting tubules (Seevers).
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of copper, with a target skin distance of 50 em. and HIVL cqual to 1.05 mm.
B : Jcath from Wilms's tumor after

Gahagan and Yearwood could find no reported (.LII' h from Wilms's tumor 2
survival for five years, but cite Abbe as reporting a patient who ]|vcd‘f0.ur
years and nine months and subscquently died of metastases. The grcat- m:"llnrlly
of patients with Wilms’s tumor who are not succc.ssfully treated duf within two
years of the time of diagnosis and most such patients do not survive a year.

In 1951 Rusche assembled 72 five year survivals following treatment for
embryoma, including 5 personal cases. Of these 72 cases, 31 had been treated
by nephrectomy alone, 9 by preoperative irradiation and nephrectomy, 12 by
nephrectomy and postoperative irradiation, 9 by preoperative irradiation, ne-
phrectomy, and postoperative irradiation, and 11 by irradiation alone. Not all of
the patients recciving roentgen therapy only had proof of Wilms’s tumor by
biopsy and accordingly, there is some question regarding the validity of that
group.

It is impossible to estimate the prognosis from the pathologic features of the
tumor itself. The metastasis may look entirely different from the primary tumor
and it is the most anaplastic clement which is likely to metastasize first and most
abundantly (Allen). Differences in the pathologic make-up of the tumor explain
differences in radioresponsiveness both of the primary tumor and of its metastases.
No definite relationship between the size of the tumor and the prognosis has
been observed. The most striking factor in prognosis seems to be the age of the
patient at the time the disease is treated. Children less than one year of age have
a much better prognosis than children older than onc year, presumably because
the tumor has been present for a longer time in the latter group. Ladd and White
found that all patients who had renal vein invasion or gross hematuria died.
Wilms's tumors invade the blood stream and lymphatics early and those patients
who are not cured generally succumb rapidly to the effects of pulmonary
metastases or massive intra-abdominal recurrence. Bone metastases oceur rarely.

The association of hypertension with Wilms' tumor has been noted but the
meager clinical data do not permit final evaluation of the significance of the
observations. Daniel noted elevation of the blood pressure in 14 of 18 cases and
found no relation between the pathologic features of the neoplasm and the oc-
currence of hypertension. Three patients had marked reductions in blood pres-
sure withifx three weeks after roentgen therapy to the growth. One patient whose
hypertension failed to improve on roentgen therapy also failed to have a fall in
blood pressure after nephrectomy. One patient with extreme hypertension which
was reduced b)'v roentgen therapy had a return of hypertension when the lesion
recurred following nephrectomy, Daniel considers renal ischemia due to pressure
of the growth as the most likely cause of the hypertension. Only patients living as
long as 12 months without evidence of local recurrence or metastasis had nor%n(al

blogd pressures bwhen first seen, suggesting that hypertension associated with

embryoma may be indicati i i

(Dan);el)_ y ve of tumor growth in the region of the great vessels
Bradley and Pincoffs reported the concurrence of

consecutive cases of Wilms's tumor and concluded th:

way responsible for the hypertension, In 2 cases rem;

arterial hypertension in 5
at the neoplasm was in some
oval of the growth resulted in
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abdomen, They believe roentgen therapy is hardly worth giving in the patients
with widespread pulmonary metastases, but that limited pulmonary metastases
should probably be treated intensively as long as there is no evidence of further
dissemination of the disease.

{2) The superior survival rates in patients who have reccived postoperative
irradiation when contrasted with a comparable group who have not been ir-

diated. This is best indicated in the survival rates cited by Gross and Neuhauser
(Table 11) wherein the difference in survival rates between groups i and 1
is attributed primarily to the use of postoperative irradiation in the latter group,

TABLE I
Starivtics Froxt Boston Cuwowex’s Hoserrat Seews Or Mixen Tusons or Tue Koxey ®
Probable Cures

Pertod of Study Pts. below 12 mas. Pts. above 12 mos. All pts. of all
of age of age ages
cRour 1
1914-1930 Inclusise 7 cases 20 cases 27 cases
3 cures 1 cure 4 cures
42,8 per cent S per cent 14.9 per cent
GROUP It
1931-1820 Inclusne 7 eases 24 cases 31 cases
5 cures 5 cures 10 cures
74.1 per cent 20.8 per cent 32.2 per cent
crour 1
1910-1947 Inclusie 5 cases 33 cases 38 cases
4 cures 14 cures I8 cures
80 per cent 42.4 per cent 47.8 per cent

* From Gross, R. E. and Neuhauser, E. B. D.: Pediotrics, 6.843, 1930,

Most clinicians now agree on the necessity for prompt nephrectomy in the
treatment of Wilms’s tumors. Ladd and White and subsequently Gross and
Neuhauser have indicated a pref for transperitoneal nepl which
permits early ligation of the renal pedicle with minimal handling of the tumor.
In addition, these authors recommend that the same surgeon or the same
small group of surgeons perform these operations.

In the first group of cases (Table II) the patients were operated on by a
number of different surgeons and the operative mortality alone was 23 per cent.
In the second group of patients there were no deaths after 1932 owing to fm-
provements in preoperative and postoperative care and in surgical technic, and
the universal use of the transperitoneal approach for the removal of the larger
tumors. In the third group of patients there were no deaths. The third group
differs from the second group primarily in the fact that postoperative irradiation
was given in all but 2 cases, and the rise in the cure rate is attributed largely
to its use. Roentgen therapy is begun immediately after completion of the opera-
tion and hefore the patient recovers from the anesthesia. Treatment is given
in daily doses of 200 r, using anterior, lateral, and posterior portals over the
tumor bed in sequence for a total of 4000 to 5000 r (measured in air), and
employing a 200 KV machine with filters of 1 mm. of aluminum and 0.5 mm,
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of copper, with a target skin distance of 50 cm. and HVL equal to 105 mm.
copper. S

Gahagan and Yearwood could find no reported death from Wilmes's tumor after
survival for five years, but cite Abbe as reporting a patient who Jived four
years and nine months and subsequently died of metastases. The great majority
of patients with Wilms's tumor who are not suceessfully treated die within two
years of the time of diagnosis and most such patients do not survive a year.

In 1951 Rusche assembled 72 five year survivals following treatment for
embryoma, including 5 personal cases. OF these 72 cases, 31 had been treated
by nephrectomy alone, 9 by preoperative irradiation and nephrectomy, 12 by
nephrectomy and postoperative irradiation, 9 by preoperative irradiation, ne-
phrectomy, and postoperative irradiation, and 11 by irradiation alone. Not all of
the patients recciving roentgen therapy only had proof of Wilms's tumor by
biopsy and accordingly, there is some question regarding the validity of that
gfﬂllp.

It is impossible to estimate the prognosis from the pathologic featares of the
tumor itself. The metastasis may look entirely different from the primary tumor
and it is the most anaplastic element which is likely to metastasize first and most
abundantly (Allen). Differences in the pathologic make-up of the tumor explain
differences in radioresponsiveness both of the primary tumor and of its metastases.
No definite relationship between the size of the tumor and the prognosis has
been observed. The most striking factor in prognosis seems to be the age of the
patient at the time the disease is treated. Children less than one year of age have
2 much better prognosis than children older than one year, presumably because
the tumor has been present for a longer time in the latter group. Ladd and White
fOL}nd ’that all patients who had renal vein invasion or gross hematuria died.
Wilms's tumors invade the blood stream and lymphatics carly and those paticnts
\vh? are not cured generally succumb rapidly to the effects of pulmonary

or ive intra-abdominal recurrence. Bone metastases oceur rarely.

The association of hypertension with Wilms® tumor has been noted but the
meager clinical data do not permit Bnal evaluation of the significance of the
observations. Daniel noted clevation of the blood pressure in 14 of 18 cases and
fc(:xur:gn:eo l'fel}a‘tion bct\.veen the pathologic features of the neoplasm and the oc-
sure \vithiun mypertcnsmn. Three patients had marked reductions in b.lood pres-
by pertonsio ;e'e; weeks' after roentgen therapy to the growt]‘:. One patient whose
blood press:: ai fed to improve on roentger} themvpy also failed to have? a fall in
was reduced“;, after nephrectomy. One patient with extreme 'hypertenslon which
recureed fo) Y Tocntgen therapy ha(.] a rctu'm of llypex:tens\on when the lesion'
of the gmwt}iwmg nephrec'tomy. Daniel considers ren:fl ischemia due to pressure
long 218 m i\s1 the fnost hkc¥y cause of the hypertension. Only patients living as
Blood. prese onths without evidence of local recurrence or metastasis had normal

ures when first seen, suggesting that hypertension associated with

embryoma PUETI, : )
(Dag;el)‘ may be indicative of tumor growth in the region of the great vessels

Br. :
cons:g‘l;? and Pincoffs reported the concurrence of arterial hypertension in 5
way res Ve cases of Wilms's tumor and concluded that the neoplasm was in some

Ponsible for the hypertension. In 2 cases removal of the growth resulted in
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a fall in blood pressure which returned to*hypertensive levels with recurrence
of the tumor. These writers were unable to find a pressor substance in the
neoplasins, but felt that the tumor tissue, through as yet unknown mechanisms,
produced an elevation in arterial pressure.

SeconpaRy Tuntons oF TiE KIDNEY
Secondary tumors of the kidney can be divided into two groups:

(A) Those involving the Kidney by Dircct Extension

(1) By extension from a retroperitoneal node metastasis from a primary
tumor clsewhere: Carcinoma of the testis with retroperitoneal node involve-
ment and secondary renal invasion is an illustration of this. Another illustration is
furnished by retroperitoneal node enlargement with renal invasion secondary to
Hodgkin's disease.

(2) By extension from a retroperitoneal viscus: Carcinoma of the adrenal,
particularly neurcbl with renal invasion is well known in children. These
growths may be difficult or impossible to differentiate clinically from a primary
Wilms' tumor. Neuroblastoma is more likely to displace the kidney laterally
than is 2 Wilms tumor and frequently metastasizes to the bones, lymph nodes,
and lungs. Approximately 60 per cent of these tumors arise in the adrenal medulla
or neighboring ganglia in close proximity to the kidney. The tendency of neuro-
blastomas to exhibit calcification is a differential feature.

(3) By extension from an intraperitoneal viscus: Extension from carci-
noma of the colon only rarely involves the kidney directly although ureteral
obstruction and invasion by an adjacent carcinoma of the colon js well known.

(4) By extension from a pararenal tumor: This subject will be discussed
in another section, .

(B) Involving the Kidney by Metastasis

(1) Lymphomas: The tumors which most commonly metastasize to the
kidney are undoubtedly the lymphomas. According to Ewing, the kidney is a
tavorite site tor metastases from lymphosarcoma. Kirshbaum and Preuss in a
review of 123 cases of fatal lenkemia found definite leukemic infiltration of the
kidney, both nodular and diffuse, in 63 per cent of the patients. There was no
recognizable preference of any type of leukemia for any special organ or organ
system, but the kidney was most frequently involved in all forms. Myeloid or
Iymphoid cells were found in the glomerular tufts or in the interstitial tissues.
Barney reported renal involvement in 18 of 23 cases of lymphoblastoma of the
urinary tract coming to autopsy. Baldridge and Awe found microscopic evidence
of renal invasion in 27 of 39 cases with lymphoma of various types, but the
highest incidence of renal involvement occurred in the lymphocytic type of
leukemia in which 17 of 17 cases showed renal involvement. Gowdey and
Neuhauser point out that diffuse leukemic infiltration may cause marked renal
enlargement with elongation of the pelvis, infundibuli, and calyces. However,
diodrast clearance is well preserved and thers is no evidence of multiple, rounded,
pressure defects. They point out that irradiation might logically be expected to

improve this picture.
Although Iymphoblastomatous involvement of the urinary tract is common at
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antopsy, clinical manifestations are infrequent, and, owing to the rarity of clinical
symptoms, the urologist is rarely called to sce these patients (Watson, Sauer,
and Sadugor). Occasionally a casc of lymphoma presents with urinary tract
symptoms and may present diagnostic problems. Many cases have had ill advised
surgical procedures because of inability to make a correct preoperative diagnosis,
In a review of 1,073 cases of lymphoblastoma, these authors found 456 cases of
lymphosarcoma, 234 cases of leukemia, and 883 cases of Hodgkin's disease. In
80 patients or 7.5 per cent of the cases there was clinical evidence of urinary
tract involvement; 32 or 13.6 per cent of 234 leukemia patients; 43 or 9.5 per cent
of 456 lymphosarcoma patients and 5 or 13 per cent of 383 patients with
Hodgkin's discase. In 143 autopsied cases of lymphoma 62 or 43.3 per cent had
urologic involvement: 27 or 58.6 per cent of 46 leukemias; 32 or 61.9 per cent of
52 lymphosarcomas; and 8 or 6.6 per cent of 45 cases of Hodgkin's discase. The
clinical and laboratory findings of urinary tract involvement are often absent
even in advanced cases. Of the 80 patients with advanced disease and urinary
tract involvement, 57 or 71.3 per cent had no urinary symptoms. In the remaining
23 patients hematuria occurred in 6, uremia in 3, and renal pain in 2. Of 80
patients 66, or 82.5 per cent, had renal involvement, including 34 of 43 patients
with lymphosarcoma, 30 of 32 patients with leukemia, and 2 of 5 patients with
Hodgkin’s disease. With regard to renal involvement it was noted that (a) renal
displacement by retroperitoneal nodes or by splenic or hepatic enlargement was
common; (b) retroperitoneal nodes invading the kidney were uncommon but
trequently such node involvement surrounded the kidney; (¢) multiple nodules
in the kidney were the most common form of renal invol and ionall
caused gross hematuria or uremia; (d) microscopically the nature of the paren-
chymal involvement was apt to vary from a diffuse type to a perivascular or a
periglomerular type of infiltration.

(2) Carcinomas: A total of 1,481 cases of carcinoma metastatic to the kidney
has been reported (Pine). Among 407 cases of cancer Pine found 19 instances
of metastasis to the kidney. The tumors were cortical and not extensive enough
to produce any defect in the pelvis or caliceal system. The lesions varied in
dl_ametef from 2.5 to 9 mm. The incidence of metastasis to the kidney is highest
with primary carcinoma of the kidney, with carcinomas of the lung, breast,
esophagus, sigmoid, and pancreas following in that order. ’

S: ional i inical invol .
me(t?xztases from osteogenic sarcoma ha\?i ;1;::1‘1 ted (M o phe kidney by
Metastases to the kidney from melanoma are s;;l:t)irr:es g;llx:;h'aut}?nd (]ij e,
stages of the disease. in the advanced
. (4) Endometriosis: Marshall in 1943 reported a large growth of the kidne
in a 46 year old woman who complained of pain and swelling of the flank a ()],
who on roentgen examination showed a definite deformity on the pyelo: n
suggestive of renal tumor. Pathologic examination of the removed ]I\)):] gram
vealed tissues which were distinetly endometrial in a L ey r e
has recently been reported by Maslow and L appearance. A similar lesion

o o (}elamer in a 29 year old woman who
and their inclusion in the group of ammors ratemors are raturally speculative,
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PararenaL Tunsons

The term “pararenal” should be employed to designate structures outside the
conlines of Gerota’s fascia but adjacent to the kidney, and abviously includes a
great variety of tumors arising from the tissues of the retroperitoneum, both
benign and malignant. More specifically it includes those tumors of teratoid
nature, namely the teratomas and dermoid cysts, which involve the kidney pri-
marily by contiguity. Baker and Ragins in 1950 found 15 instances of pararenal
teratoma in the literature and included bath teratomas and dermoids in their
review.

In the 9 patients included in Valentine’s review of dermoids of the kidney, the
ages ranged from 11 to 58 years. Five were in females, 2 were in males, and in the
remaining cases the sex was not stated. Five of the tumors contained hair while
the appended descriptions on the other 4 cases leave some doubt of their dermoid
nature. In 8 patients a palpable tumor was present and in one there was hema-
turia, Campbell, in a review of 4 cases of pararenal teratoma, suggested that
roentgen studies might oceasionally show bone within these lesions, thus giving
a clue to the diagnosis. The tumors are usually benign but may occasionally
undergo malignant change. Anlyan and Harper recently reported the successful
removal of a retroperitoneal teratoma from a five month old girl in whom the
presenting symptom was an abdominal mass.

Tunons or “Rest” Onicin

Adrenal Rest Tumors: Allen reports a 1 per cent incidence of adrenal rests
beneath the renal eapsule near the upper pole in routine autopsy material. The
bulk of evidence indicates that renal adenocarcinomas bave no connection with
adrenal rests, and that the true hypernephroma occurs but rarely. Riopelle has
recently discussed the subject of hypernephroma and concludes that it is a dis-

tinct entity rather than a mere histologic variant. He iders it to be the result
of neoplastic development of a renal fibro iy ining epithelial in:
clusions.

Chondral and Osseous Rests: Chondral and osseous rests occasionally occur
within the renal parenchyma, particularly in the medulla (Allen). The bone is
probably metaplastic but the islands of cartilage usually represent true rests.
There is no evidence to suggest that such rests ever give rise to neoplasms.

On the clinical level, hope of improving the present picture of prognosis in
renal tumors rests with two possibilities: (1) earlier diagnosis; (2) more effective
treatment.

DIAGNOSIS

1t has been repeatedly stated that the first requisite for the diagnosis of any
condition is an awareness of the possibility of its occurrence. Renal tumors con-
stitute no exception, and indeed the range of bizatre clinical manifestations in
which a renal ncoplasm may cloak itsclf is unsurpassed by any other neoplasm,
further emphasizing the need for awareness. The physician must next have a
reasonably complete knowledge of the weapons in his diagnostic armamentarium,
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not only with respeet to their virtues but also with regard to their limitations.

Here it becomes evident that our methods of diagnosis are still extremely
crude and that truly early renal tumors are rarely discovered and then usually
through chance rather than intent. Nevertheless, until more refined technics of
diagnosis become available it is important to take full advantage of the present
tools.

CoyrLETE ANp Drraip Hhistony

The clinical manilestations of renal tumors have already been reviewed. The
absence of the classical or typical symptoms does not rule out the possibility of
a renal neoplasm.

CaneruL Privsicar ExasinaTioN

The usual physical signs of renal growths have been previously discussed.
Their absence docs not exclude the possibility of such a lesion.

UninaLysis

In Rolnick's series 25 per cent of patients with renal tumors had a normal
urinalysis. Hematuria should be a signal for immediate cystoscopy—a perhaps
never to be repeated opportunity to observe directly the source of the bleeding.

PapaxicoLaou Syran or THE URINARY SCDIMENT

Stained smears of the urinary sediment examined by a qualified cytologist have
proved to be a useful adjunct in the diagnosis of renal neoplasms. The method
is useful in the differential diagnosis of filling defects in the renal pelvis, and for
investigation of calculous disease and pyelonephritis in which concomitant
carcinoma of the renal pelvis is suspected. For other types of renal growths,
especially the renal adenocarcinomas, Wilms tumors, and benign papillomas of
the renal pelvis, its diagnostic value has been quite limited. Foot and Papani-
colaou have reported a patient in whom nephrectomy was performed on the
basis of hematuria and repeatedly positive cytologic studies from a kidney which
was pyelographically normal. Although no gross lesion was detectable in the
removed kidney, multiple sections revealed carcinoma in situ apparently arising
from multiple foci in the collecting tubules, calyces, and pyramids, Bunge and
Kraushaar report a 48 year old man who had a left nephrectomy on the basis of
abnormal urinary cytology and microscopic hematuria, and who was found to
have a small renal adenocarcinoma. These same authors report 2 cases in which
the removed kidneys were normal despite the report of abnormal cytology.

Bothe, Dalton, and Zillessen found the number of mitochondria and amount
and pattern of Golgi material to be similar in the cells of renal adenocarcinoma
and uninvolved parenchyma, but the mitochondria in nonlipoid~containing cells
of clear cell carcinoma were greater in number and smaller in size than the

itochondria of the d parenchymal cells. The Golgi material was
greatly increased in amount in such cells over that seen in normal parenchymal
cells, Such studies may broaden the value of the cytologic study in t[}’:e dia; zos'
of renal neoplasms. At present the Papanicolaou technic constitutes an oc‘ o
ally useful supplement to other methods of diagnosis. i casion:




368 MONOGRAPHS ON SURGERY

RADIOCRAPHY

Radiogmphy St proviges the best methods for the clinjeq] diagnosis of renal
tumors, o the plajp film one looks for de[ormity of the renal outline, enlargement
of the repg) outline, displaccment of the kidney, and abnopmg) calcification, On
the intravenoys and retrograde Dyelogramg one looks for deformity of the calyces
Or pelvis, whiel, may take the form of COmpression, dilamtmn, elongation, dis-
placcmcnt, Or partial op complete obliteratiop, 1€ spider-like Pyelographie 4.
formity usually described typical of renal neoplyem, Is often absent, 4 high
index of Suspicion wi)f g, much towarg the earljer diagnosis of Fenal neoplasm
Which hay, Produced only mingy dcformity in the repyy outling op elogram,

ccasionally intravengyg pyclogmphy will give ap the information that is neces.
sary, Usually, ho\\‘cver, retrograde films with Iatera] and oblique Views of the
Suspiefoyg kidney will permit 5 more definitiye diagnosjs,

Vesey, Dotter, ang Stcinbcrg have described o technic of Nephrograr hy involy-
ing the apid intravengys injection of apy tely 50 ce, of contrast medium
x‘ntmvenously Within twe seconds ang roenfgenogmphic CXposure of g, abdomen
16 to 29 Seconds Iater. This resulted iy, excellent dcmonsrmh'on of the reng]

Abdominal aortogmphy, descn'bed by dos Santos, Lamas, and Perejry and by
Nelson, obtaing increage, Tenal oPacity by direcy translumby, injection of radio-
Paque medjyy, into the abdomipga) 20rta above the level ¢ the renq} arteries,
Nelson wag able to demonstrare bilatera} renal neoplasms when bogy, intravenoys
and Tretrograde pyelugmphy had faileq, The method hag been useq by Wagner
to delineate the arteriy) Supply of , large reng) tumor., 1¢ Tequires the nge of
general anesp og; and hag i, one case beep followeg by death due to Superior
Mesenteric artery !hrombosis {Vese » Dotter, and Steinhe,, ). A technic of retro-
grade catheten'zation of the agry, to the desired level through the latera] circum.
flex branch of the Profund, femoris has beey employed fo, 2ortography and
rena] nrtexiogmphy by Goodyyip, Searding, and Scotg, Perirena] 3, insufflation
and Iaminugraphy are oceasionally yseq to obtajn better definition of the rena}
and adrena] shadows, Leadbetter has Tecently described an insttumeng for the
Visualization of the renal Pelvis ot Operatiop,
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TREATMENT

On June 4, 1861, Erastus B. Wolcott, a Midwestern surgeon, pcrformed (}lc first
successful nephrectomy which, incidentally, was for a renal cancer (Gllbc.rt).
The patient was a 58 year-old man who had been in poor health for the previous
six years, was anemic, and had a large mass flling the right upper quadrant of
the abdomen. The mass was thought to be a cystic tumor of the liver. Under
chloroform anesthesia an oblique incision was made over the mass, the peri-
toneum was retracted, and a 2 pound renal tumor removed. The patient lived
15 days after the operation and seemingly died from exhaustion.

Since Wolcott's initial effort impro in p ative and postoperative
care, in methods of anesthesia, and in operative technic have combined to produce
a progressive drop in the operative mortality of nephrectomy to approximately
1 per cent.

Although there are no data on the survival of patients with untreated renal
cancer, there is abundant clinical evidence to suggest that spontaneous cures are
extremely rare, if they occur at all, and that the disease runs a generally pro-
gressive and fatal course in untreated, as well as in most treated patients. Welch
and Nathanson recorded survival data on 45 patients with treated renal cancers.
As calculated from the date of clinical onset, 25 per cent of the cases were dead
in 10 months, 50 per cent in 22 months, 75 per cent in 37 months, and 86.5 per
cent in five years. The successful treatment of renal cancer depends on the
complete surgical eradication of the primary neoplasm before distant metastasis
or inoperable local extension has occurred. Exceptions to this generalization
could be the few Wilms tumors which seem to have been successfully treated by
irradiation alone, or by a combination of surgery and irradiation. Although the
present five year survival rates for the different forms of renal cancer following

pl y indi that definite progress has been made, much yet remains
to be accomplished. For those patients who have distant metastases or inoperable

local extensions at the time of diagnosis, present therapeutic methods offer little
prospect of cure.

For patients whose renal cancers are still regional or local at the time of
diagnosis, nephrectomy has proved to be a usually safe and occasionally effective
method of treatment. Whatever prospects there may be of improving the survival
rates in patients so treated, may logically be expected to dependaon improve-
melnt§ in olIl)eraﬁX? ‘tec}mic and, for Wilms’s tumors, radiation technics.

t is wel ished that the ful treatment of an
a detailed understanding of the life history and mode of spr);ac; I:)Cfe:hgep:rrt‘:?:ulon
neoplasm, and, as a corollary, a knowledge of the causes of (reatmexﬁ fail -
This is perhaps best illustrated in carcinoma of the breast where a knowled mei
ﬂ.’le methods of spread of breast cancer and recognition of the Iimitatioge of
simple mastectomy have permitted a reasonable salvage of patients with axx‘lli 0'
metastases by the use of a carefully planned opérative procedure, which ry Al af')
not only the primary tumor, but also its principal areas of Iymph:m'c drain:xgeo "
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ConpritioNs AFFECTING PROGNOSIS

For renal cancers there are three important local features which might be ex-
pected to influence the end results following nephrectomy:

The Tendency Toward Direct Perirenal E: fon. Renal Adenocarcinoma: The
tendency for perirenal extension is particularly marked in the larger renal adeno-
carcinomas. Snelling found perirenal infiltration in 7 (25 per cent) of 2§ patients
subjected to nephrectomy for renal adenocarcinoma in whom detailed pathologic
data were available. Although an undetermined number of local recurrences
must be attributed to tumor remaining in the renal vein or inferior vena cava, or
to residual discase in the regional lymph nodes, some undoubtedly result from
incompletely removed perirenal extensions. How often such recurrences, either
direetly or indirectly (i.c., by metastasis originating in the local recurrence), are
responsible for the fatal outcome cannot be cstimated from available data. Al-
though the p of perirenal jon is generally agreed to be associated
with a poor prognosis ( Priestley; Fetter) it cannot be inferred that such extension
is per se the cause of the poor prognosis.

Hovenanian has described the occurrence of a metastatic focus of renal adeno-

in the I 1 1 lower ureter and cites Macalpine as having had
a similar case. The rarity of such occurrences, however, does nat justify the addi-
tion of ureterectomy to the present surgical therapy for renal adenocarcinoma.

Epithelinl Tumors of the Renal Pelvis: The tendency for direct perirenal
extension is evident in nonpapxlhry epidermoid carcinoma of the renal pelvis,

and is refl 1 in the almost inevitable, prompt,
massne loml recurrence which follows neph y for this neopl Here
again, the exact role of venous invasion and ]ympha(ic extension in the develop-
ment of such recurrence is speculative. In these patients death is frequently the
result of the extensive local recurrence although metastases to the Jungs, liver,
and bones do occur. Although papillomas and papillary carcinomas of the renal
pelvis show no such extreme tendency toward direct perirenal extension, local re-
currences do occasionally take place, a development commonly attributed to the
seeding of tumor cells in the wound at the time of nephrectomy (Macalpine).

Whether the new tumors which tend to develop in the ureter and/or bladder
following simple nept y for papillary tumors of the renal pelvis result from
direct irplantation of tumor cells on the epithelial lining of the urinary tract,
from lymphatic emboli from the original lesion, or from multicentric foc of
origin is still unsettled. The last concept scems most tenable. In any event the

occurrence of such “recurrent” tumors can be most conveniently considered at
this time as a form of “perirenal extension.”

Flat infiltrating carcinomas of the renal pelvis, in spite of the high incidence
of local recurrence, do not tend to recur in the ureter or bladder. The upper
portion of the ureter may be involved by direct extension from the primary
tumor, and recurrences may so infiitrate the retroperitoneal tissues as to encase
the ureter in a solid mass of tumor, but there is no evidence to indicate that
total ureterectomy should be made a part of the operative procedure for the
treatment of this particular neoplasm. Priestley and McDonald found direct in-




RENAL NEOPLASMS 37

volvement of the upper end of the ureter in 8 (13 per cent) of 23 patients with
flat infiltrating lesions. L
For papillary tumors of the renal pelvis the evidence clearly indicates !hc
desirability of combining total uretercctomy, including the intramural p.orhon
of the ureter, with nephrectomy in the treatment of these ncoplasms (Kimball
and Ferris; Thomas and Regnier; McDonald and Pricstley ).
Embryonal Tumors: Although the Wilms’ tumor is encapsulated for the greater
part of its life history, rupture of the capsule and invasion of adjacent viscera
lly occur, The abdominal mass which is the presenting symptom in the
great majority of children with this neoplasm is frequently evident again before the
child dies of the disease. Although there is no documentary evidence to indicate
that treatment failures in children with these growths can be due solely to
failure to remove perirenal extensions, the known occurrence of such extensions
and of local recurrences suggests that such might occasionally be the case. The
relative importance of perirenal extension, venous invasion, and lymph node in-

vol in the develop of local recurrences cannot be estimated from
presently available data,
The Tendency Toward Direct Venous I ion. Renal Ad i Renal

adenocarcinoma exhibits a marked tendency toward venous invasion. Beer re-
ported evidence of tumor thrombus formation in 50 (38.5 per cent) of 130 cases
of renal adenocarcinoma, in 8 of which the thrombus extended into the inferior
vena cava. Bonnecarrere found invasion of the small intrarenal veins in 12 (37.5
per cent) of 32 cases and invasion of the main renal vein in 3 of 32 cases of
epithelial kidney tumors.

In 28 carefully studied patients with renal adenocarcinoma treated by
nephrectomy, the tumor was completely localized to the kidney in only 11, or
39.3 per cent. In the remaining 17 cases there was renal vein involvement (7
cases), regional node invasion (8 cases), or perirenal infiltration (7 cases)
(Snelling). McDonald and Priestley found tumor thrombosis of 2 main renal
vein in 275 (54 per cent) of 509 cases of renal adenocarcinoma and point out that
the tumor thrombus becomes firmly attached to the intima of the vein as it
grows, acquiring a blood supply from the wall of the vessel, and behaving as a
sort of parasitic thrombus. This observation indicates the necessity for complete
excision of the vein to a point beyond the site of attachment of the thrombus.

That tumor thrombosis of the renal vein is associated with the prognosis fol-
lowing nephrectomy for renal adenocarcinoma is indicated by thebﬁve year
survival rate of 55.5 per cent for patients without tumor thrombosis and "9} ‘e
cent for patients with tumor thrombosis (McDonald and Priestle ) Theu e
authors found a higher incidence of tumor thrombosis in grade m )'lmd 1w sioms
than in grade 1 and m lesions, the incidence being 61.9 per cent and:19 8 pe: ont,
respectively. It is evident that even low grade renal adenocﬂrcinon‘np}: C'em,
marked tendency to invade the veins, and that no matter what the z;cs]e af‘ eha
tumor, venous invasion is associated with a lower survival rate, Theg'r id nco of
tumor thrombosis of the in i i ih 4 incidence of
t 0 e renal vein increased slightly with the weight of
involved kidney (McDonald and Priestley). ght of the

s, venous Invasion is a common finding in renal adenocarcinoma and its
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presence js associated with a poor prognosis, However, it cannot be inferred from
these facts that renal vein invasion is the cause of the poor prognosis. Renal vein
thrombosis may be interpreted as merely one other manifestation of an insidious
neoplasm which is well advanced locally and perhaps systemically at the time
of the initial diagnosis. That the presence of massive tumor thrombosis increases
the risk of tumor embolism secms probable, but that such embolism is synony-
mous with tumor metastasis can be summarily denied.

Although the necessity for early ligation of the renal vein has been stressed
by virtually every living author on this subject, there is no conclusive evidence to
indicate that survival rates are affected by this measure. The 88 per cent five
year survival rates for renal adenacarcinoma reported by Priestley and by Foot,
Humphreys, and Whitmore werce obtained primarily by the use of the standard
lumbar or posterolumbar incision in which some if not considerable manipula-
tion of the kidney is necessary before the pedicle is finally secured. Although easly
ligation of the renal pedicle constitutes good surgical technic, it has not yet been
shown to have improved the survival rates of patients with renal adenocarcinoma.

Epithelial Tumors of the Renal Pelvis: Among 75 cases of carcinoma of the
renal pelvis (McDonald and Priestley), the renal vein or its tributaries was in-
volved in 81 (41.3 per cent) cases, 21 of which had involvement of the main
renal vein. Perincural lymphatic involvement was noted in 23 (30.7 per cent}
cases, only 3 of which did not have I venous invol . The renal
artery was involved only once and that in a patient who also had renal vein and
lymphatic involvement. That the presence of venous or lymphatic involvement
is associated with a poor prognosis is indicated by the 47.1 per cent five year
survival of 34 traced patients (who survived operation) without such involve-
ment as contrasted with the 4.3 per cent five year survival of 23 traced patients
(who survived operation) with such involvement. The incidence of venous or
lymphatic invasion or both was highest in the nonpapillary lesions. The high
Iocal recurrence rate of nonpapillary infiltrating tumors may be a manifestation
of local extension and /or lymphatic and venous invasion. The relative importance
of these several tactors cannot be evaluated from current data.

Embryonal Tumors: McDonald and Priestley report tumor thrombosis of
the renal vein or involvement of the perineural lymphatics or both in 14 (452
per cent) of 81 cases of Wilms's tumor. Perineural lymphaties were involved in 2
cases, one of which also had tumor thrombosis in the renal vein. In this series
the p of tumor thrombosis of the renal vein or involvement of the peri-
neural lymphatics apparently had little influence on the five year survival rate.
However, Ladd and White considered the presence of venous invasion to be an
unfavorable prognostic sign.

Gross and Neuhauser state that the improvement in survival rate of children
with Wilms's tumors from 14.9 per cent in the years 1914 to 1930 to 32.2 per cent
in the years 1931 to 1939 can be attributed to improvements in operative technic.
One of the modifications adopted during the latter period was the utilization of
a transperitoneal approach to permit early ligation of the renal pedicle. One can

only speculate regarding the relative importance to the improved survival rate
of the transperitoneal approach with early ligation of the renal vessels, and other
improvements in operative technic which occurred simultancously, It is quite




RENAL NEOPLASMS : 3713

possible, too, that earlier recognition may have been an unrccognizcd factor in
the improved survival rate. X

The fact that multiple metastatic nadules of grossly similar size may appear
simultaneously on the chest film indicates that a veritable shower of tumor
emboli with a high percentage of “takes” can occur under certain circumstances.
It is conceivable that such nodules appearing within a few weeks after operation
represent tumor emboli resulting from the local trauma incident to nephrectomy.
On the other hand, it is possible that such metastases represent tumor emboli
which have occurred independent of the surgeon’s intervention.

Theoretically, deep inspiration, and indeed normal respiration, may be con-
sidered to increase the risk of dissemination of any type of renal neoplasm,
particularly those which invade veins (renal adenocarcinoma, carcinoma of the
renal pelvis, Wilms's tumor), as a result of the up-and-down motion of the kidneys
imparted by the diaphragm and the venous pulse engendered by the associated
changes in intrapleural pressure. The physical activities of a small child are apt
to be sufficiently strenuous to constitute a hazard of dissemination equally as
great as that due to the handling of the kidney incident to nephrectomy. This
observation may help to explain the better prognosis of patients with Wilms's
tumor who are less than one year of age.

The available data indicate the frequency of venous invasion in Wilms’s tumors
and point out the association of venous invasion with a poor prognosis. The evi-
dence for venous dissemination in these is sufficiently strong and the
results of Gross and Neuhauser with early ligation of the renal pedicle are suffi-
ciently suggestive to justify early ligation of the renal vessels on specific thera-
peutic as well as on general surgical grounds. More clinical information must be
accumulated, however, before the value of early pedicle ligation can be regarded
as conclusively established.

The Tendency toward Lymphatic Spread. The difficulties in the histologic
demm\sha.ﬁon and the hazards of subsequent interpretation have combined to
ke'cp' precise knowledge of intrarenal lymphaties at a minimum. The Iymphatics
within the kidney have been described by Rawson in a case in which permeation
by carcinoma made the channels more apparent. He found that the lymphatic
channels began blindly at two points, one, closely adjacent to Bowman’s capsule,
and the other just beneath the mucosa of the papilla. From these two ori; ins’
lymp%mtic networks arose which accompanied the arterial and venous supp]% og
S:S};tsinfz}.ﬁ’ll;h; ]x;elel\fx;grk i]r; the mefdul]a drained .periphemlly toward the arcuate

3 m Bowman’s capsule drained centrally toward the same
vessels. The two channels apparently became confluent about the arcuate vessel
No lymphatics were demonstrable in the glomeruli, about the intertu}:; 1 Sse'i'
laries, or about the afferent or efferent arterioles. A close association be‘tl\;l;e(lealt)}ll :
large, thin-walled veins of the outer half of the cortex and the lymphatic channeI:

of this area was noted. It was suggested that these vei
c s veins were i
interlobular veins and their tributaries and that the closely Zss:;\}:::sl?ﬂs 0{1 ‘?9
andB venous chann'els might form a regulatory system for fuid exchangzmp e
Pha;::xz;e& :lzlx)ssxf: molnograp? on the lymphatics indicates that: (1) t.he Iym
phat f erirenal capsule and perirenal fat conve flus,
joining with those of the renal parenchyma; (2} the renal ;;%—Zni;;::a;ﬁ'nma;ﬁ\:t"xs’
ics
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presence is associated with a poor prognosis. However, it cannot be jnfersed from
these tacts that renal vein invasion is the cause of the poor pragnosis. Renal vein
thrombosis may be interpreted as merely onc other manifestation of v insidious
neaplasm which is well advanced locally and perhaps systemically at the time
of the initial diagnosis. That the presence of massive tumor thrombosis inereases
the risk of tumor embolism seems probable, but that such embolism is synony-
mous with tumor metastasis can be summarily denied.

Although the necessity for early ligation of the renal vein has been stressed
by virtually every living author on this subject, there is no conclusive evidence to
indicate that survival rates are affected by this measure, The 38 per cent five
year survival rates for remal adenocarcinoma reported by Pricstley and by Foot,
Humphreys, and Whitmore were obtained primarily by the use of the standard
lumbar or posterolumbar incision in which some if not considerable manipula-
tion of the kidney is necessary before the pedicle is finally secured. ARhough early
figation of the renal pedicle constitutes good surgical technic, it has not yet been
shown to have improved the survival rates of patients with renal adenocarcinoma.

Epithelial Tumors of the Renal Pelvis: Among 75 cases of carcinoma of the
renal pelvis (McDonald and Priestiey), the renal vein or its tributaries was in-
volved in 81 (41.8 per cent) cases, 21 of which had involvement of the main
renal vein. Perineural fymphatic involvement was noted in 3 (80.7 per cent)
cases, only 3 of which did not have simultaneous venous invalvement. The renal
artery was involved only onee and that in a patient who also had renal vein and
fymphatic involvement, That the presence of venous or Iymphatic invofvement
is associated with a peor prognosis is indicated by the 47.1 per cent five year
survival of 34 traced patients (who survived operation) without such involve-
ment as contrasted with the 4.3 per cent five year survival of 23 traced patients
{who survived pperation) with such involvement. The incidence of venous or
lymphatic invasion or both was highest in the nonpapillary lesions, The high
foeal recurrence rate of nonpapillary infltrating tumors may be a manifestation
of local extension and/or lymphatic and venous invasion. The relative importance
of these several factors cannat be evaluated from current data.

Embryona}l Tumors: McDonald and Priestley report tumor thrombosis of
the renal vein or involvement of the perineural lymphatics or both in 14 (452
per cent) of 81 cases of Wilms's tumor. Perineural lymphatics were involved in 2
cases, one of which also bad tumor thrombesis in the renal vein. In this series

the p of tumor thrombosis of the renal vein or involvement of the peri-
neural lymphatics app ly had little infl on the five year survival rate.
However, Ladd and White idered the p of venous i ion to be an

anfaverable prognostic sign.

Gross and Neuhauser state that the improvement in survival rate of children
with Wilms's tumors from 14.9 per cent in the years 1914 to 1930 to 82.2 per cent
in the years 1931 to 1939 can be attributed to imy in operative technic.
One of the modifications adepted during the latter period was the utilization of
a transperitoneal approach to permit early ligation of the renal pedicle. One can
anly speculate segarding the relative importance to the improved survival rate
of the transperitoneal approach with early ligation of the renal vessels, and other
improvements in operative technic which occurred simultaneously. It is quite
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survival rate, it cannot be inferred that the particular feature is the actual cause
for the reduced survival, the importance of venous jnvasion in the Wilms tumors
being the one probable exception.

Tecnzic

In accord with the present trend toward a more radical surgical approach to
the problem of cancer generally, it is not surprising to find that most of the
recent changes in the treatment of renal tumors have been directed along similar
lines. The present approach to the problem of renal tumors is based on the fol-
lowing principles:

(1) Adequate exposure;

(2) Minimal handling of the kidney, especially prior to ligation of the renal
artery and vein;

(3) Intact removal of Gerota’s fascia with the enclosed perirenal fat and
kidney, and including the adrenal gland in the case of an upper pole neoplasm;

(4) Systematic dissection of the regional lymph nodes along the great vessels
from the level of the diaphragm above to the level of the aortic bifurcation below;

(5) Removal of the entire ureter and an adjacent cuff of bladder, in the case
of papillomatous tumor of the renal pelvis, with simultaneous dissection of the
homolateral pelvic lymph nodes if there is evidence of one or more satellite
tumors in the ureter.

The recent description of several different surgical approaches to the kidney
has been an important development. In 1947, Sweetser described an incision
which he employed with success in the removal of renal tumors. With the patient
in the usual lateral kidney position an oblique lumbar incision is made between
and parallel to the 11th and 12th ribs extending from the costovertebral angle
across the ipsilateral rectus muscle to a point about midway between the umbili-
cus and the symphysis pubis. The incision is then extended upward close to the
midline to the xiphoid process. The peritoneum is not opened. As advantages,
the author cites preservation of the nerves supplying the abdominal muscles, ex-
cellent exposure of the renal pedicle, and the fact that the peritoneum is not
opened.

In 1950 Nagamatsu dest.:ribed.a dorsolumbar incision which is both extrapleural
and ext'tapemoneal and in which the removal of short segments of the lower
three ribs at their angles results in the formation of a retractable osteoplastic
igheagmec spoce Fooellnt xporuce 1y oniL) it mEmeres 10 the s
peritoneal cavities need be ente:g:i. erded and neither the pleural nor

In 1948 Mortenson reported the use of a - i incisi
removal of a large renalPtumor. Chute and S;:xlrtr;c:)v::)edfl?:ml eltion for the
to report the use of this exposure for the removal of renal t
il posiion an o I et o s,

n is made fro i
B 5 Vs, oy, s, e e, ol
or 11th ribs to within 3 cm. of th idli I over the
thhl:'ugh the bed of the subperi:stde(;ﬁ;l I'I:slgcl::gz- E:e '11)'}15: r;}nc;".lty 15 .entercd
almo: . - s maintaing
st completely expanded. The dxaphragm and abdominal muscles are inciszg

first in this country
umors. The incision
h the patient in the
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drain into Jymph nodes adjacent to the norta and inferior vena cava both above
and below the level of the renal vessels; (3) the lymphatics of the perirenal
capsule and perirenal fat deate with the lymphatics of the adjacent organs,
particularly those of the colon, liver, diaphragm, and adrenal. There is a paucity
of studies on the incidence of regional node involvement in renal cancer.

Renal Adenoearcinomas Albarran and Imbert found lymph nede favelvement
in 60 (24 per cent) of 240 cases of renal carcinoma and Garceau found regional
lymph node involvement in 11 {6.2 per cent) of 178 cases of renal cancer. These
fndings indicate that lymph node invelvement is quite common in renal adeno~
earcinoma. Such data, however, are hased for the most part on studies of patients
with advanced senal cancer and are therefore of Hmited therapeutie value.

There are few studies regarding the incidence of regional node involvement at
the time of operation. Snelling found rcgloml node mvo]vemcm in 8 of 28 care-
fully studied cases of renal ad cinoma subjected to neph ny. Chutc’s
material provides a relatively complete picture in a small group of cases. The
fatter performed thoraco-abdominal nephrectomy on 38 patients with renal
tumors, only 12 {316 per cent) of whom were free of either local extension or
smetastases at the time of operation, Seven cases had tumor thrombosis of the
venal vein, 5 had pulmonary metastases, 2 had extension to the perinephric fat,
and 4 had liver involvement (direct ion in 2 and in 2). Positive
nodes were encountered at operation in 11 cases and werc removable in § cases.
Nodes were removed in at Jeast 7 ather cases but were found to be free of
metastases.

Present knowledge does little more than indicate that regional node involve-
ment may occur in renal adenocarcinoma and that it is not rare. Determination
of the incid of such invol raust await further studies. Regional node

fon is undoubtedly iated with a diminished survival rate but its exact
role in proguosis must await further clinical studies.

Epithelial Tumors of the Renal Pelvis: Regional node involvement occurs in
epithelial tumors of the renal pelvis and is undoubted! fated with a reduced
survival rate. Specific information on these points, however, is not available,

Embryonal Tumors: No careful studies of the incidence of regional node in-
volvement or of the inft of such invel t on prognosis have yet been
made for this group of neoplasms. There have been enough casual observations,
however, to indicate that node invasion is not rare.

Thus, for all three major groups of remal neopl {renal
epithelial tumors of the renal pelvis and embryonal neoplasms) there is:

(1) a variable tendency toward direct perirenal extension which is mani-
fested not only by the gross and microscopic evidence of extension found at
operation, but by the subsequent appearance of local recurrences;

(2) avariable tendency low'xrd venous invasion evidenced by gross and micro-
scopic studies of speci bained b )3 ny;

a

P
(8) a definite but as yet undefined tendency for lymphatic invol t as
evidenced by operative and postmortem studies.
1t is impossible to esti from the avoilable data how often treatment foitures

can be speeifically attributed to any or all of the above three features, Granting
that the presence of any one of them is jnvarfably associated with 2 diminished
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constitute a threat to life. Ferris and Daut reported successful treatment of an
epithelioma of the pelvis of a solitary kidney by electrocongulation. o

Embryoma of the Kidney. The present program of therapy for Wilms’s tumor
at Memorial Hospital is a modification of that established by the work of Ladd,
White, Gross, and Neuhauser. Every child in whom the presence of an abdominal
mass leads to a suspicion of Wilms's tumor is treated as an emergency surgical
problem. Abdominal palpation is restricted to a minimum. The admitting physi-
cian, the pediatric resident, and the operating surgeon only arc permitted to
palpate the tumor. An emergency chest plate and an emergency intravenous
pyelogram are done. If the chest plate reveals no evidence of pulmonary meta-
stasis, if the bones show no changes suggesting metastatic neuroblastoma, if the
intravenous pyelogram reveals the presence of a normal contralateral kidney,
and if the general condition of the child does not contraindicate emergency
surgery, the patient is taken immediately to the operating room where a nephrec-
tomy is performed according to the principles outlined for renal adenocarcinoma.
The modification of the Sweetser incision previously described has proved ade-
quate for this purpose. In children the wide costal angle and the flexibility of the
thoracic cage significantly reduce the thoracic barrier to adequate exposure. There
is no contraindication to the use of a thoraco-abdeminal incision in children, but
because of potential orthopedic problems in later life resulting from rib resection,
an intercostal approach should be employed. Immediately after operation and
while the child is still under anesthesia, roentgen therapy is begun. With portals
limited to the tumor bed it was found that metastatic abdominal disease devel-
oped outside the fields of irradiation in approximately 80 per cent of the patients.
Accordingly, present policy is to irradiate the entire abdomen through a single
anterior and a single posterior portal, delivering a dose of 2000 to the retro-
peritoneal area in a period of about three and one half to four weeks, using the
1000 KV X-ray unit. Children tolerate this therapy remarkably ell.

It is too early to evaluate the results of such surgical and radiation technics
at this institution. It can be, said, however, that there has been no demonstrable
increase either in mortality or morbidity from the use of more extensive surgical
procedures and immediate irradiation, Possibly none of the technics suggested
will have any appreciable value in improving the survival rates for the different
types of renal cancers. Only further experience can answer this question.

Parriamive TREATMENT

In spite of major surgical efforts the majority of patients with renal cancer
dg;)mc(% to (gi]i,e of their disease. For these patients and for those who are inopael;e
able whe ‘ iati .
able wh ;e Oef:yIi ;,l;(:egr‘s,; 1ie:n, one can hope only for palliation. The avai]ab!e

l?cnal Ad. Renal adenc
resistant. The major indication for palliative irradiation of the pri
is pain. }{ematuria does not respond reliably to irradiation andp\;:::)ys:"m .
:z lgszfg;;\:g};;escitdom){’ ;n :}ho.pelessly incurable patient. Metasm;es in soft ;)::tes’
ay deer :m : erably in size under appropriate therapy relieving such dis-

g symptoms as pain and hemoptysns. Bone metastases are apt to cause

are, generally speaking, radio-
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in line with the skin incision opening the peritoneal cavity, Excellent exposure
is aftorded, Of 110 patients operated on by this technic {Chute), there was only
one posteperative death and this could not be attributed to the particular in-
cision employed. There were two serious complications, enly one of which could
be attributed to the use of the thoraco-abdominal approach.

The proponents of both the Nagamatsu technic and the thoraco-abdominal
incision vigorously argue the merits of the respective y dures. Both incisi
provide exeellent exposure. The extrapleural-extraperitoneal feature of the Naga-
matsu incision is cited as an advantage by its supporters, while the proponents
of the thoraco-abd, ! incision acclaim its intrapleural-intraperitoneal features.
The opportunity to explore the peritoneal cavity and examine the homolateral
lung and mediastinum is of particular value in patients with renal neoplasms.

At the present time at Memorial Hospital the following program is empl
in the management of patients with renal tumors who have no evidence of distant
metastasis:

Renal Adenocarcinoma. For renal adenoea ph 1y is performed
in accordance with the previously mentioned principles. The thoraco-abdominal
incision is employed routinely, the abdominal portion of the incision only being
developed until the nature of the lesion and its resectability have been determined.
For patients in whom the use of the thoraco-abdominal incision seems wnwise, 2
modification of the Sweetser incision is ly employed, With the patient
midway between the supine and Jateral positions incision is made from the tip
of the 10th, 11th, or 12th ribs anteriorly and inferiorly parallel with the spinal
nerves to the midline. The underlying muscles are divided and the peritoneum
opened. If exploration reveals a removable tumer, the incision is extended verti-
cally to the xiphoid just far enough lateral to the midline to obtain both anterior
and posterior rectus sheaths for the closure. The colon is reflected madially and
inferiorly by dividing the peritoncum of the lateral gutter, and either the gastro-
colic or hepatocolic ligament is divided depending on the side on which the
tumor is lacated. On the left side the renal vessels can usually be identified and
divided early by retracting the tail of the pancreas anteriorly and superiorly.
On the right side retraction of the duodenum expases the renal pedicle.

Epithelia] Tumors of the Renal Pelvis. For fumors of this group nephrectomy
is performed as for renal ad cinoma, In addjti lete ureterectomy
with removal of a cuff of bladder adjacent to the ureteral orifice is performed
through a suppl 1 lower abdeminal incision, either at the time of nephrec-
tomy {in which case the specimen can be maintained in one piece), or within
10 days thereafter, Complete dissection of the lymph nodes of the homolateral
pelvis is performed if there is evidence of a ureteral tumor. Although such a
pracedure may be somewhat radical for benign papilloma of the renal pelvis,
the impossibility of making an absolute diagnosis at the time of operation, the
fact that the first chance fo cure o cancer may be the last (and is certainly the

best), and the unchanged morbidity and mortality resulting from such radical
pmcedures in comparisor to conservative measures, juslify such an appraach.

The conservative surgical approach to certain benign tumors of the ureter

suggested by Vest should be seserved for patients in whom the reduction in
total renal function occasioned by unilateral nephrectomy would be such as to




RENAL NEOPLASMS e

Amstrong, C. P.: Fibrosarcoma of the Kidney. J. . California M. A AlG:l'55. 1950,

Austen, G.: Calcification of Renal Tumors. Am. J. Roentgenol, 49:580, 1050, _

Baker, W. J., and Ragins, A. B.: Pararenal Teratoma: Case Report. J. Urol.,, 63:982, 1930.

Baldridge, C. W., and Awe, C. D.: Lymphoma: A Study of 150 Cascs. Arch. Int. Mecd.,
45:161, 1930.

Barney, J. b Lymphoblastoma as Seen by the Urologist. New England J. Med., 205:1038,
1931,

Rarney, J. D., and Churehill, E. D.: Adenocarcinoma of the Kidney with Metastasis to Lung,
Cured by Nephrectomy and Lobectomy. J. Urol., 42:269, 1939.

Beer, E.: Some Aspects of Malignant Tumors of the Kidney. Surg., Gynec. & Obst., 65:433,
1937,

Bell, E. T.: A Classification of Renal Tumors with Observations on the Frequency of the
Various Types. J. Urol., 39:238, 1938.

Bell, E. T.: Renal Discases. Philadelphia: Lea & Febiger, 1947,

Birch-Hirschfeld, F. B.: Cited by Ewing.

Blacklock, J. W. S.: Cited by McCurdy.

Bohn, H.: Relationship between Hypemepl and Hyp jon and Function of Kidney.
Klin., Wehnschr,, 26:419, 1948,
E. A.: Phlebothrombosis in Tumors of the Kidney. J. Urol., 63:451, 1950.

Borst, M.: Cited by Machey.

Bothe, A. E., Dalton, A. J., and Zillessen, F. O.: A Cytologic Study of Benign and Malignant
Lesions of the Human Prostate, Urinary Bladder, and Kidney. J, Urol,, 65:1108, 1951.

Braasch, W. F., and Griffin, M.: Cited by Austen.

Bradley, J. E., and Pincoffs, M. C.: Association of Ad of Kidney (Wilms®
Tumor) with Arterial Hypertension, Ann. Int. Med., 11:1613, 1938,

Bumpus, H. C.: The Apparent Disappearance of Pulmonary Metastasis in a Case of Hyper-

ph Following Nept J. Urol, 20:185, 1928,

Bunge, R. G., and Krauschaar, O. F.: Abnormal Cytology. J. Urol., 63:464, 1950,

Bunge, R. G., and Krauschaar, O. F.: An Early Renal Malignancy Di d Preoperatiely.
1. Urol,, 63:475, 1950.

Calull, G. F.: Cancer of the Kidneys, Adrenals, and Testes. JLAALA., 138:357, 1948,

Cahill, G. F., and Melicow, M. M.: Calcification of Renal Tumors and Its Relation to Prog-
nosis. J. Urol., 89:276, 1938.

Campbell, M. F.: Pararenal Teratoma in an Infant. J. Urol., 29:677, 1933.

Chute, R.: The Th bdominal Incision in Urological Surgery. Presented at the New York
Academy of Medijcme, March 21, 1951,

Chute, R.: Personal Communication.

Chute, R., and Soutter, L.. Thoraco-abdommnal Nephrector i
PRty p! my for Large Kidney Tumors, J. Urol.,

Constance, T. J.: Bilateral Rhabdomyoma of the Kidney. J. Path. & Bact., 59:492, 1947,

Tzed Abdominal 14

Crabiree, E. G.: Perirenal Lipoms with G Lipomatosis. J. Urol,, 23.545,
1930, T

Cristol, D. 8., Bothe, A. E., and Grotzingter, P. J.: Renal Adeno
Clinjcal Cases and Another Case Report. J. Urol., 64:58, 1950,
Cristol, D. S., McDonald, J. R., and Emmett, J. L.: Renal Ad

ma: Survey of Reported

Kidneys: A Study of Their Incidence, Naturo, and Relationship, ], Usal (5oL
, . Urol, 55:
Gulp, . 5., and Hartman, F. W.: Mesoblastic N, in Adults:rAJ(‘“ .

‘of Wil Tumor and Belated Renal Neaplasms. J. Urel, 60552, 1645 & e° 0%
Daniel, W. E.: The Hypertensis Factor in Wil Tamor, South. M. 1., 82,1014, 1639

g;v?ds;‘n,MO. w Sauamous Cell Carcinoma of the Renal Pelvis. 1. Urol, 47:345, 191

avis, F. M., and Olivetti, R, G.: Pmary Lymphosar i Kidneys, Adrenal ¢

and Penrenal Adipose Tisswe. 1, Urot, g?.-};oef Toar o of the Kidneys, Adtenal Glands,

Dean, A. L., and McCarthy, W. D.: Hemangioma of the Kidne
Hemangiomas. Tr. Am. A. Cenito-Usinary

y Associated with Multiple
Surg., 33: P
Dukes, C.: Cited by Waterfall, Y Sk 51, 1840,



378 MONOGRAPHS ON SURGERY

marked discomfort which can be relieved for brief periods by irradiation. Ocea-
sionally, evidence of caleification in a previously osteolytic bone lesion develops
after the completion of rocnigen therapy. For soft part metastases a tumor dose
of 3000 to 3500 r in three to four weeks and for bone metastases a tumor dose of
20001 in two weeks, are commonly delivered usmg the 1000 KV unit.

The occasional reduction in size or app of fe de-
posits following removal of the primary tumor has alre'\dy been mentioned. 1t
scems hardly to occur with sufficient frequency to justify advising nephrectomy
in all such cases. It has been suggested that nephrectomy might increase the
radioresponsiveness of metastases but there is no evidence to prove or disprove
such a thesis, The incid of apy Iy solitary in the presence of
renal adenocarcinomas justifies the concept that an otherwise hopeless situation
may be salvaged occasionally by an aggressive surgical approach in carefully
selected cases.

Combinations of roentgen therapy with intravenous nitrogen mustard therapy
have failed to produce any improvements which could not be accounted for
by roentgen therapy alome. Whether or not the use of various steroid hormones
can be considered to have any therapeutic ratjonale in otherwise hopeless renal
cancers, current trial at this institution has as yet failed to produce any objective
evidence of improvement. Evaluation of the methods of palliation is made diffi-
cult in renal adenocareinoma by the secasional prolonged suevival of an untreated
patient with widespread disease.

Epithelial Tumors of the Renal Pelvis. The inoperable, recurrent, and meta-
static forms of earcinoma of the renal pelvis are extremely radioresistant. Transient
relief of pain is usually the most that can be obtained by irradiation.

Embryonal Tumors, With Wilms's tumors local reawrrences and pulmonary
metastases may melt away within a matter of days under the influence of radia-
tion therapy but such remissions rarely last more than three to four months. The
recurrences following such remissions may retain their original radiosensitivity,

but radiation d to the adj; normal tissues constitutes a Hmiting factor
in re»(rewtmg the patients. Because of the high incidence of bilateral pulmonary
of any p tastasis is ordinarily accomplished

by xrradmmg the entire chest thmugh a single anterior aud a single posterior
port and delivering a tumor dose of 1500 r in three weeks using the 1000 KV unit.
Combinations of nitrogen mustard therapy and irradiation in the treatment of
recurrent or metastatic Wilms's tumors seem to have little if any superiorily over
irradiation alone.
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Surgery of the Large Arteries

NQORMAN E, FREEMAN, M.D.

WITH RUTHERFORD S. GILFILLAN, M.D,, TOM M. FULLENLOVE, M.D., AND
FRANK H. LEEDS, M.D,

INTRODUCTION

INCE HEMORRHAGE is the most serious result of injuries, whether aceidental or
S operative, wounds of the large arteries and methods of controlling bleeding
have from the carliest times excited the interest of surgeons. Halsted, in 1912,
wrote: “One of the chief fascinations of surgery is the management of wounded
vessels; the avoidance of hemorrhage. The only weapon with which the uncon-
scious patient can immediately retaliate upon the incompetent surgeon is
hemorrhage. If he bleeds to death it may be presumed that the surgeon is to
blame; whereas if he dies of infection or shock or from an unphysiological opera-
tive performance, the surgeon’s incompetence may not be so evident.” It is in-
teresting to note that the reputations of the three surgeons whom Garrison selects
as the greatest of all ime~Ambrose Paré, John Hunter, and Joseph Lister—are
founded chiefly or in large part on the use of the ligature.

The surgery of the large arteries may conveniently be divided into three
periods. The first period may be called the era of ligation. The goal of this period
was the obliteration of the artery, either in the treatment and prevention of
hemorrhage or to still the pulsations of blood within an aneurysmal sac. The
era of ligation extended well into the period of antiseptic surgery and reached its
zenith in the classical monograph by Ballance and Edmunds, Ligation in Con-
tinuity, which was published in 1891. The technic of surgery had not yet been
sufficiently developed to permit adequate exposure. The authors wrote: “In suf-
ficiently exposing, for example, the third part of the subclavian or the external
iliac for the operation of double ligature and division, much more disturbance
of the part must ensue and far more risk must be run of injury in the one case to
the pleura and the fact of an axillary aneurysm and in the other to the peritoneum
and the fact of an inguinal aneurysm, than if the sheath of the artery were only
exposed enough to allow an opening to be made in it just sufficiently large to
admit the aneurysm needle; for to this amount alone should the sheath be
stripped. Indeed, the argument that the Celsian method diminishes the risk of
:l]f;n;);‘rhagf_ by ins‘{ring t}{at no part of the' artery a.bove t?ze upper and below
t wer ligature is deprived of the nourishment it receives from its sheath,
1gnores the proper way of li&gting an artery in continuity.”
he?:’;th tl_ne n‘nrm.iuct'mn of asepsis, l'mmost.ahc forceps, and the principle of exact

stasis with ligation of all bleeding points so as to avoid the need of drainage

or packing, the principle for which the studies of Halsted are mainly responsiblge

the secand era of the surgery of the major arteries may be considered to haye
385



384 MONOGRAPHS ON SURGERY

Welch, C. E., and Nathanson, I, T.: Life Expectancy aad Incidence of Malignant Disease,
Am. J. Cancer, 31;586, 1937.

Wells, H. G.: Cited by !hu\rd Melicow, and Sc\dd

White, E. W., and B L E: G A Renal Vascular Tumor
Requiring Nephrectomy; An Unusual Entity, J. Uml 56+ 183, 1946,

Wilms, M.: Cited by Kretschmer and Hibbs.

Wynn-Williams, D., and Morgan, A, D.: Lymphangioma of the Kidney. Brit. J. Surg. 37:345,

1950.
Zangemeister, W.: Cited by Bell
L C, ctal: L of the Kidney, Ann. Surg., 126:220, 1947,




Surgery of the Large Arteries

NORMAN E. FREEMAN, M.D.

WITH RUTHERFORD S, GILFILLAN, M.D, TOM M. FULLENLOVE, M.D., AND
FRANK H. LEEDS, M.D.

INTRODUCTION

INCE NEMORRHAGE is the most serious result of injuries, whether accidental or
S operative, wounds of the large arteries and methods of controlling bleeding
have from the carliest times excited the interest of surgeons, Halsted, in 1912,
Wrote: “One of the chicf fascinations of surgery is the management of wounded
vessels; the avoidance of hemorrhage. The only weapon with which the uncon-
scious patient can immediately retaliate upon the incompetent surgeon is
hemorrhage. If he bleeds to death it may be presumed that the surgeon is to
blame; whereas if he dies of infection or shock or from an unphysiological opera-
tive performance, the surgeon’s incompetence may not be so evident.” It is in-
teresting to note that the reputations of the three surgeons whom Garrison selects
as the greatest of all time—Ambrose Paré, John Hunter, and Joseph Lister—are
founded chiefly or in Jarge part on the usc of the ligature,

The surgery of the large arteries may conveniently be divided into three
periods. The first period may be called the era of ligation. The goal of this period
was the obliteration of the artery, either in the treatment and prevention of
hemorrhage or to still the pulsations of blood within an aneurysmal sac. The
era of ligation extended well into the period of antiseptic surgery and reached its
Zenith in the classical monograph by Ballance and Edmunds, Ligation in Con-
tinuity, which was published in 1891 The technic of surgery had not yet been
sufficiently developed to permit adequate exposure. The authors wrote: “In suf-
ficiently exposing, for example, the third part of the subdlavian or the external
iliac for the operation of double ligature and division, much more disturbance
of the part must ensue and far more risk must be run of injury in the one case to
the pleura and the fact of an axillary aneurysm and in the other to the peritoneum
and the fact of an inguinal aneurysm, than if the sheath of the artery were only
exposed enough to allow an opening to be made in it just sufficiently large to
ad{nit the aneurysm needle; for to this amount alone should the sheath be
stripped. Indeed, the argument that the Celsian method diminishes the risk of
hﬁmonhage by insuring that no part of the artery above the upper and below
Ehe lower ligature is deprived of the nourishment it receives from its sheath
ignores the proper way of ligating an artery in continuity,” ’
h;;’::;:;: ‘l;r;gloguct‘ion of asepsis, l‘xemost_atic forceps, am'i the principle of exact
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been introduced. This era may be called the definitive perlod. With the aid of
modern anesthesia, blood transfusions, aseptic technic nnd the use of the anti-
biotics, together with the development of surgical tech d

of major blood vessels throughout the body has been made possxble The fint
intrasaceular obliteration of an arterial anewrysm was performed by Matas in
1888, With further understanding of the physiology of the circulation, the defini-
tive surgery of major arterics has been greatly extended. In the surgieal treatment
of aneurysms and arteriovenous fistulas reselting from wounds of the wmajor
arteries in World War 11, the incidence of gangrene in more than 1,000 cases
svas less than 0.5 per cent,

The third period in the surgery of the large asteries, the restorative or recon-
structive era, has p led in its develoy almost simultaneously with the
definitive era. It was Matas who Brst suggested the restorative and reconstruc-
tive endo-aneurysmorraphy, Carrel had published his well Jnown method of
end-to-end anastomosis of blood vessels in 1902, and demenstrated the practica-
bifity of the use of blood vessel grafts. ‘The brilfiant results in the surgical treat-
ment of congenital cardiovascular disorders achieved by Gross, Crafoord, Blalock,
and Potts, and the venous shunt aperations devised by Blakemare in the treat-
ment of portal hypertension, illustrate some of the early achievements of this
reconstructive e, It s safe to predict that many new advances will come with
this orientation toward restoration of the anatomic and physiolegic function.

STRUCTURE AND FUNCTION OF ARTERIES

In most parts of the body, the arteries are enclosed in a sheath formed of con-
nective tissue which, in its turn, is continuous swith the connective Hssue of the
neighboring structures. The outer coat of arteries is connected to the sheath by
filaments of the same tissue, but 50 Ioosely that when the vessel is cut across its
ends readily shrink some way within the sheath, Some arteries lack sheaths, those,
for example, which are situated within the crantal cavity.

Independently of this sheath, arteries have usually been described as formed
of three coats or tunicae: the intima, the media, and the adventitiz. The structure
of the larger arteries differs somewhat from that of the smaller vessels. Thus, if
the carotid be pared with the radial, it will be seen that the wall of
the larger vessel is proportionately thinner, and that while in the radial the
demareation of the inner coat from the middle is clearly marked by the fenestrated
membrane of Henle, in the carotid the distinction is not so clear on account of
elastic membranes being present in greater numbers in the middle coat and ex-
tending into the subendothelial layer of the inner coat.

The intima may be raised from the inner surface of the artery as a fige, trans-
parent, colorless membrane, elastic but easily broken, especially in the vircular
or transverse direction, so that it cannot be stripped off in Jarge sheets. The
intima, which is composed chiefly of endothelial cells and connective tissue, has
an extraordinary capacity for regeneration. It is commonly corrugated with fine
and close longitudinal wrinkles, caused by the contracted state of the artery after
death. If the artery is fixed when it is distended at a pressure equivalent ta that
to which it is nommally exposed during life, the intima is no longer corrugated.
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‘The intima, which is bighly clastie, is covered with a single Jayer of endothelium.
It was formerly considered that damage to the intima abways resulted in
thrombosis. Recent stndies, however, have shown that even extensive damage to
the intima of a major artery docs not lead to thrombosis unless there is some
interference with the volume flow of blood traversing the artery at the site of
injury.

Although it is generally advisable to suture arteries intima to intima, the ex-
perience of Gross, Crafoord, and Potts has shown that this is not necessarily so,
especially where there is a rapid flow of blood across the suture line.

The middle coat or media of large arteries is composed for the most part of
smooth muscle, but as the size of arteries increases, relatively more elastic tissue
is found in this layer. Unlike the intima, the media possesses little power of
regencration, and damage to it is repaired by fibrous scar tissue. This character-
istic is of primary importance since it is only through the presence of smooth
muscle or elastic tissue that the arteries are capable of withstanding the pressure
of the blood within them.

The external layer or adventitia is composed largely of layers of elastic tissue
fibers running longitudinally and set together by a few strands of white fibrous
tissue. The adventitia contains the nutritive vessels of the arterial wall and the
major motor nerve fibers. According to Horsley, “All of the larger vessels are
Provided with minute nutrient vessels which usually come from some neighbour-
ing artery and are distributed in the adventitia of the blood vessel. They are
called vasa vasorum. Lymphatics and nerves are also found in the outer coats
of the blood vessel. The plexus of nerves that surrounds the arteries is particularly
abundant. Small nerve fibers from this plexus enter the media and are distributed
among the muscle cells. These nerve fibers are chiefly motor in function and are
a part of the great vasomotor system. Sensory nerves undoubtedly occur quite
constantly accompanying the vessel wall. This is frequently demonstrated in
operations under a local anesthetic, when the clamping of a blood vessel will
cause pain even though the surrounding tissue appears to be free from sensation.”

The .adventitia is of prime importance in the arrest of hemorrhage since the
blof:d is caught in its meshes when the artery is torn or divided, and from it
Springs most of the new tissue which organizes the repair of the vessel. Because of
t%“s caP?‘_City of the adventitia to promote clotting by forming a mesh, it is par-
:;lc:]balr:i d":gsosretla(rllt t.o avoid carrying any portiox.l of this layer into the lumen of

uring the performance of arterial sutures. The careful trimming
away of the adventitia has come to be recognized as the first step in the e:
formance of a successful vascular repair. P
‘hf‘;etlze‘x}:toi:‘ighhrs is apparenfly the least subsfmftial portion of the vessel wall,
blood gre.at ten51!e slrensth, and it 1s.lm‘gely to this layer that the
2l0od vessels owe their capacity to withstand relatively enormous pressures. F
msltance, Winternitz found that the healthy carotid artery of a dog would ru. ml:r
only when 20 times normal pressure was put on it. When the advenn't};a ;

Pped, however, the artery bursts when the ressure is ra
Stripped, h e P
£ 3 234 ised to only a

The adventitia is

also of great i .
mobilize asterier o great importance to the surgeon who is called on to

er a considerable distance or to ligate the vessel, In the first
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place, since the nutrition of the media and adventitia is largely derived from the
vasa vasorum, extensive mobilization may so impair the vascularity of the wall
that healing may fail to take place at the suture line. In the ligation of large
arterics, sullicient force may be applied to rupture the intima and media and
yet, as Ballance and Edmunds showed, the adventitia alone may be able to
withstand the force of the bload pressure. Once the adventitia is stripped, how-
ever, the tensile strength of the vessel is greatly diminished so that rupture may
take place with only moderate traction, especially if exerted by a slender thread.

The contractility of large arteries determines to a considerable extent the out-
come following injury. It is well known, for instance, that complete division of
the vessel, especially by a crushing or tearing injury, may result in Jittle hemor-
rhage in comparison to that observed following a clean division by a sharp
instrument. Retraction of the vessel walls, together with incurving of the trauma-
tized adventitia, effectively seals the lumen, Incomplete severance of the vessel is
associated with far more serious hemorrhage, since the twoe ends of the vessel are
unable to contract. The following experiment of Ballance and Edmunds is also
of interest in this respect: “If in the artery while distended with water a longi-
tudinal incision be made, the water will spurt out, and it will be seen that the
aperture is very wide, nearly circular, in fact. On the other hand, if a transverse
incision is made, it will be scen that the water escapes in a flat sheet and that the
aperture is linear. The explanation of the difference seems to be that the trans-
verse contractility which exists in a distended artery widens out a longitudinal
slit, but there is little or no longitudinal contraction to do the same for the trans-
verse slit.”

The adaptability of the arterial system to meet the tissue demand for blood is
remarkable. It was John Hunter who first demonstrated the cffectiveness of
collateral circulation in a case of popliteal aneurysm. The increase in the collateral
circulation represents a truc hypertrophy as pointed out by Sir Thomas Lewis,
Thoma, and Nothnagel. The tortuosity observed in collateral blood vessels is
theretore due to the increase in length, which necessarily accompanies the in-
crease in diameter. As pointed out by William Hunter in his Observations on
A ysms, “A river b Tonger b it digs a winding channel for itself,

h an enlarged attery ¢ inding b it is lengthened and there-
fore cannot preserve its straight course.” The dilatation of the artery supplying
an arterial venous fistula and the tortuosity of collaterals in the presence of this
lesion are well known, but the exact mechanism by shich this change in the
structure of the vessels is brought about is still te be discovered.

LIGATION OF ARTERIES *

“Although the ligation of arteries has now been practised for upwards of 20
centuries, the best method of performing the operation still remains one of the
great questions of surgery. The reason for this is not far to seek. It lies in the
trequency in which, in this and every age, hemorrhage has followed the operation.

], Collins Warren gives a comprehensive reviesw of the history of the ligature in his mono-

graph entitled The H, ealing of Arteries, pubhshed in 1886, See also Matas in Keen's Surgery,
Vol. V, page 115.
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The introduction of antiscptic surgery has no doubt diminished the danger, but
it must not be forgotten that if the arterial wall be injured, hemorrhage may
oceur in a perfectly aseptic wound; and, in fact, it is well known fhat any cases
of hemorrhage have occurred since the introduction of the Listerian .mekhod
90 years ago.” Such was the picture presented by Ballance and Edmunds in 189%.
As 2 result of their extensive investigation, they concluded: “From these experi-
ments it is clear that arteries can be permanently oceluded without the rupture
of any of their coats. To effect this with certainty it is essential to employ a
suitable ligature, a suitable knot tied with appropriate force, and to preserve the
strictest asepticity.” Ballance and Edmunds were dealing with the ligation of
arteries in continuity. However, as Reid and Andrus point out: “Any ligature of
an artery, whether it partially or completely occludes the lumen, leads to death
of the enclosed segment of vessel.” This result is to be anticipated since sufficient
pressure must be employed in tying the knot to occlude the artery against the
head of arterial pressure within it, Such pressure, clearly, would be more than
sufficient to occlude the vasa vasorum, which are maintaining the viability of the
arterial wall. Since the artery is contractile, as shown by the distance each end
contracts on being severed {Holman, 1942), the artery at the site of a ligation
in continuity is under tension. This tension exerted on the zone of necrosis pro-
duced by the ligature may cause the arterial wall to give way, with resultant
hemorrhage. Pearse and Holman have shown that at least part of the force of the
column of blood is taken up in the elastic recoil of the completely divided artery.
In his treatise on The Healing of Arteries, J. Collins Warren in 1886 wrote as
follows: “Provided the ligature be adjusted so as to obstruct permanently the
flow of blood through the vessel, it is manifest from the observations which have
been described that a destruction of a certain portion of the vessel wall and a
retraction of the end of the vessel must eventually take place, no matter what
the nature of the material may be or how it be applied. The prime object, there-
fore, to be obtained is to employ such methods as will interfere as little as pos-
sible with the natural sequence of events which follow one another during the
process of repair under the most favorable conditions.”
of co.urse, in smaller vessels or in vessels containing a larger proportion of
muscle in the w:_lll, the results of ligation are uniformly good, except perhaps in
the presence of {nfecﬁon. For the closure of the great arteries, however, and of
even le'sser ones in the presence of infection, the use of the ligature is hazardous
since tissue necrosis is inevitable; some more effective method is desirable.
Ouft\I::tr:ryfe(:::?:b‘evsi tll?et :;eth()d of ol;taining complete closure of the vessel with-
ut process of repair, namely the suture closure of the
divided vessel. The fact that arterial wounds, whether longitudinal or transverse,
heal readily when sutured, and the fact that end-to-end anastomoses of arten‘es’
even those as large as the thoracic aorta, N

; , are usually successful, demonst
clfearly .th;?t the arterial wall remains viable when sutured and that the rsozzi(se
of repair is not hampered. The division of the ductus arteriosus with suIt)ure of

the open end, described by Gross, has been
N , ha performed many times with uni
;uc?ess. Murray and Janes and Swan and Harper have dem())’ns:atz;v:'n\(;]: lfot:n
eadx.ng of the sut}lred end of the abdominal aorta, and Blalock and Park, i gih 'e
studies on experimental constriction of the aorta, closed the divid;d ,t!]:lorae‘“
cic
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aorta with sutures. This operation has frequently been successfully performed
in man (Claggett; Stephens). This type of suture closure has been found espe-
cially useful in the presence of marked degenerative changes in the arterial wall,
where the rigidity and calcification of the vessel make it hazardous or impossible
to obtain closure by means of a ligature. In patients who have had long-standing
arteriovenous fistulas with great dilatation of the proximal artery and a weaken-
ing of its wall, an effective closure has been readily accomplished.

In order to obtain a stronger closure in vessels of unusual size, for example the
abdominal aorta, it is possible to divide the vessel in an oblique direction, as
shown in Fig, 2. The end of the vessel is then closed with a running stitch. The
force of the column of blood during the systolic thrust is then spread out over a
wider portion of the vessel wall. Such a closure was effected in a patient with an
angurysm of the abdominal aorta due to trauma, but the patient died of tissue
ischemia within 36 hours, before the healing of this type of closure could be
tested.

The point at which the closure of an artery should be performed is of some
significance. According to Holman (1944) a large artery should be ligated just
distal to a large collateral branch so that the full force of the arterial pulsation
in the main ligated artery is directed into this branch. Again, the distal ligature
of a divided artery should be placed just proximal to a large collateral branch so
as not to Jeave a blind segment between the ligature and the collateral. According
to Holman’s experimental work, the pressure forcing blood through the collateral,
both above the closure and below it, is greater provided there is no blind pouch
which may serve to dissipate the force of the arterial pulsation. Of possibly even
greater significance is the importance of not leaving a blind pouch, which would
tavor the development of intra-arterial thrombosis, since the extension of such a
thrombotic process might occasion the closure of collateral vessels.

SURGICAL TECHNICS

The technic of surgery at present represents the accumulated experience and
wisdom of generations of surgeons. It is based on, and changes with, developments
in all of the basic fields of medical science and technology. For example, before
the advent of anesthesia, it was essential to “get in quick and get out quicker.”
Then manual dexterity and a complete familiarity with anatomy were the chief
qualifications for the surgeon.

Even with the advent of anesthesia, the problem of time was not solved, since
it was soon recognized that prolonged operations left the patient in an “exhausted”
state, and the well known adage, “the operation was successful but the patient
died” came into being., Understanding of some of the mechanisms of surgical
shock greatly influenced the development of surgical technic. It was soon recog-
nized that more lives were lost through haste than were saved by speed. Blood
transfusions, the administration of fluids, and the general principles of preopera-
tive and postoperative surgical care allowed the surgeon more and more time for
the performance of his technical task. Antisepsis, asepsis, and finally the use of
the antibiotics, together with a better understanding of the fundamental principles
of tissue physiology and healing, extended the field of reparative surgery. Finally,
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technical fmprovements in anesthesia and the ability to bring light.into dark
places have opened almost the entire body to the explorations of the surgeon.

The precise and gentle handling of tissues constituted one of Halsted’s great
contributions to surgical technic, and in no field more than in the surgery of
arteries is this principle predominant. Blood vessels do not idly tolerate insult
or injury. To rough handling they respand, like an angry child, by spasm. With
injury, the result is thrombosis or hemorrhage. The proper attitude of the surgeon
toward a major artery should be that of Izaak Walton toward the frog which he
is impaling on his hook, “handle him as though you loved him.” Respect and
consideration are the foundations of such love, and if to these can be added
“adequate control,” a happy union can be anticipated.

F16. 1.—The use of sharp dissection to free an artery from its sheath

Sharp dissection is the cornerstone of sur i

; gery of arteries. As does all
mqu:le, the arterial wall responds to stretching by spasm~the well ]\'nows:xmt(x)'m}l
matic segmental arterial spasm of Kuttner and Baruch. To other forms of tr. .
it is physiologically passive, but to tension, as Kinmonth has recently sho\v:u:ln]a
response is myogenic contraction, a condition e: i -y

2 , @ xtremely difficult to ove
;}; é;az; Sat th:: outer L‘oats]\of arteries are connected {u their sheallf: ‘;:;0 f[irll:-
connective tissue makes sharp dissection a pl )

T ! ! easure. As shown in Fj

a single cut in the right place frees the artery frompits mooring: 3 st F{g- L
a plane of cleavage unsurpassed except, possibly, by that b el and cstablishes
the contents of the vessel. Control can xeﬂdﬂyy i)eyest:ltlis;t‘;ein i tima and
ed by the procedure
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illustrated in Fig. 2. A curved hemostat gently inserted beneath the artery is used
to draw about the vessel a segment of rubber tubing. Not only can this tubing be
used for control by compression with a curved clamp, as shown in Fig. 2, but it
can serve as a mechanism for gentle traction in order to disclose the attachments
of the main artery and its branches. Figure 8 illustrates a technic which has been
found useful in the ligation of branches of the major vessels. First of all, the plane
of cleavage is established, and at this point it may be necessary to incise the
taseia parallel to the branch but at an angle to the major artery. Then by means
of a small curved ) tat, a fine, bsarbable lig can be drawn about
the branch and tied close to the parent vessel. The distal end is then clamped and
the branch divided, leaving a margin of 2 to 3 mm. It should be emphasized that
fine silk or cotton is the preferred suture, since its tensile strength is sufficient,
and a heavy ligature, because of its very bulk, may be torn off,

Fi. 2.-Prophylactic hemostasis by using a segment of rubber tubing compressed and held by
a catved clamp, bulldog clamp on & large collateral.

At this point an additional reason for sharp dissection may be discussed. There
is an abrupt difference in teusile strength between a Jarge artery and its branch.
A force sufficient to “clear” a major vessel will often shear off a small branch, and,
at the same time, the force necessary to free a branch will be insufficient to dis-
clase the major artery. Although it is not difficult with proper exposure, light, and
suction to grasp the end of a divided vessel with a hemostat, when a branch is
torn off a major artery, it leaves a tangential wound in the arterial wall. There
is immediate extravasation of blood beneath the adventitia which obscures the
opening into the lumen. Under such conditions, safe closure can be effected only
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i i dle hole in the wall of a
4 [ the arterial wall. As in the closure of a need ) 3
1‘3‘;1: l:‘((:ssacl (I:ig. 4),a ﬁgurc-of—cight stiteh has been found to be quite satis-
factory.

Fie. 3.~Technic for hgation of branches of a major blood vessel.

One turther point in the specialized technic of surgery of the arteries should
be stressed. The integrity of the vessel takes precedence over the loss of blood.
With present-day methods of transfusion, blood banks, and the availability of
intravenous infusions, blood volume can be replaced. To restore the continuity
of blood vessels which have been torn or in which thrombosis has occurred is
difficult or impossible. Injury of the intima is not the only factor which determines
thrombosis. Figure 5 illustrates the condition of the intima in the carotid artery
of a dog six days after trauma, This injury was produced by striking the vessel
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Fic. 4.—Closure of a needle hole in the wall of a major blood vesscl by a figure-of-eight stitch
of a fine nonabsorbable suture.

Fic. 5.—~The carotid artery of a dog six days after trauma, showing extensive intimal damage
and minimal thrombosis.
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repeatedly with a blunt instrument in an unsuccessful attempt to produce artcml
spasm. Although the intima was destroyed over a di of 1 em,, throml
did not result as Jong as the flow of blood was unimpeded. This observation
confirms that of Smith. However, when the circulation was obstructed by means
of temporary occlusion of the vessel with a bulldog clip, thrombosis did occur.
Intravascular thrombosis appears to depend not only on intimal injury but also
on reduction in volume flow of blood across thie traumatized area. This obscrva-
tion is in keeping with the investigations of Johns and Shumacker and Lowenburg
on the percentage of patent vessels following various types of arterial and venous
anastomoses. The greatest success is obtained in those cases in which there is a
Jarge volume flow of blood across the suture line.

ARTERIOGRAPHY
InTRODUCTION

Although much information concerning the location and character of large
arteries can be gained by palpation of the peripheral pulses, the major arteries of
the abdomen and thorax and numerous arteries of the extremities are not ac-
cessible to the examiner. By means of oscillometry, plethysmography, and skin
temperature measurements, additional information can be acquired as to the
circulatory capacity and competency. In the surgery of large arteries, however,
nothing can take the place of visualization. As develop in surgery of the
abdomen, urinary tract, head, and thorax have been aided by radiography, so
advances in vascular surgery may be cxpected to develop with visualization of
the blood vessels after the injection of contrast media. At the present time.
surgeons would hesitate to open the abdomen without a gastro-intestinal series
or barium encma. Thoracic surgeons have found bronchography increasingly
significant in the surgery of the lung. Pyelography, either retrograde or excretory,
is indispensable before surgery of the urinary tract. It can confidently be pre-
dicted that arteriography will be of as much assi: in the develof of
surgery of the large arteries as contrast visualization has proved to be in other
fields.

Historicar

Sicard and Forestier werc the first to visualize the blood vessels of the human
extremity by injection of radiopague material, Their work in France was fol-
lowed in the same year by that of Berberich and Hirsch in Germany and by
Brooks in this country. The contributions of Dos Santos established the usefulness
of angiography as a diagnostic method.

PirysioLoGy

Contrast visualization depends on the presence of the contrast medium in
sufficient quantity and concentration to cast a shadow during the period of
radiographic exposure. The problem in arteriography is complicated by the fact
that the direction of flow is outward from the heart and that the organ to be
visualized is already full of fluid. Again, the volume flow varies with the caliber
of the arteries and, for the peripheral vessels, is dependent, at least in part, on
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the degree of vasoconstrictor conus. What is required, therefore, is a “bolus”
of the contrast medium which will pass through the vesscls during the time of
exposure. Finally, since the contrast material is injected dircetly into the circu-
lation, it is carried to the nutrient capillaries where it comes into close contact
with the tissues. Ideally it should be nonirritating, nontovic, and readily excreted
from the body. It should be sufficiently concentrated and should have sufficiently
high molccular weight so that the volume of fluid to be injected is small. Although
admittedly the perfect contrast medium for arteriography has yet to be developed,
there are several now available which have been widely employed, and the indi-
cations for their use will be discussed.

Arteriography of the distal parts of the extremities can casily be satisfactorily
obtained by injection of the contrast medium into the main artery at the root of
the limb. Suflicient concentration of the dye can be achieved by temporary
obstruction of the artery proximal to the site of injection. Visualization of the
abdominal aorta by direct puncture below the 12th rib was first described by
Dos Santos and has been eatensively used by Nelson, Doss, and Wagner. Ra-
diography of the thoracic aorta was accomplished by Blak e by means
of a needle inserted directly into this structure. More recently Hoyos and
Del Campo have described a method for the introduction of 30 cc. of 70
per cent diodrast directly into the aorta by way of an 18 gauge ncedle in
order to visualize the thoracic aorta and coronary vessels. Farinas, in his
attempts at abdominal aortography, was the first to pass a catheter up one of the
femoral arteries into the abdominal aorta. The radiopaque material was then
injected through this catheter. A modification of this technic has recently been
described by Goodwin.

In order to visualize the more centrally placed arteries, the contrast medium
may be injected in a retrograde fashion. By the injection of a large quantity,
up to 50 cc., of the contrast medium through a large needle (13 gauge) it has
been possible to obtain excellent visualization of the arteries at the root of
the limb and the thoracic aorta and its branches. This technic has been espe-
cially useful in the visualization of coarctation of the norta and patent ductus
f!rferiosus. It has been shown in the experimental animal (Farinas) that the
injection, to be successful, must overcome, first, the inertia of the blood flow,
and, second, the blood pressure. By means of the Valsalva mancuver (forced
?:i:;le:)rsyi ef'fgrl ag?i;zlst' the closed glottis) She card.iac output can be reduced
Valealos 1%::“;332 all in blood pressure. Fxgurc. 7 1llust.rales _the effect of the

2 t on the blood pressure in a patient during this procedure. The
pressure was measured by means of a strain gauge manometer connected with
a needle inserted into the femoral artery.

Biz:sa;a(;i:gmh[:l;ii vism‘mtlizmli)on of specific organs has. been accomplished by
brachial or femmay s:;)tcm efr h.y m(]:an.s of a cath'etcr introduced through the
in the investi & Sryh is }tcc nic may ﬁnd its greatest field of uscfulness
avecitiat g: nd chemotherapy of individual viscera, but it is designed

P y for a certain structure and not the vascular tree, Figure 8 is an arteri
gr:.xm of the liver and spleen with the tip of the catheter inserted into‘tl c ]'0-
axis after passing through the brachial artery. e coline
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repeatedly with a blunt instrument in an unsuccessful attempt to produce arterial
spasm. Although the intima was destroyed over a distance of 1 cm., thrombosis
did not result as long as the flow of blood was unimpeded. This observation
confirms that of Smith. However, when the circulation was obstructed by means
of temporary occlusion of the vessel with a bulldeg clip, thrombasis did occur,
Intravascular thrombosis appears to depend not only on intimal injury but also
on reduction in volume flow of blood across the traumatized area. This observa-
tion is in keeping with the investigations of Johns and Shumacker and Lowenburg
on the percentage of patent vessels following various types of arterial and venous
anastomoses. The greatest success is obtained in those eases in which there is a
large volume flow of blood across the suture line.

ARTERIOGRAPHY
InTRODUCTION

Although much information concerning the location and character of large
arteries can be gained by palpation of the peripheral pulses, the major arteries of
the abdomen and thorax and numerous asteries of the extremities are not ac-
cessible to the examiner. By means of oscillometry, plethysmography, and skin
temperature measurements, additional information can be acquired as to the
circulatory capacity and competency. In the surgery of large arteries, however,
nothing can take the place of visualization. As developments in surgery of the
abdomen, urinary tract, head, and thorax have been aided by radiography, so
advances in vascular surgery may be expected to develop with visualization of
the blood vessels after the injection of contrast media. At the present time.
surgeons would hesitate to open the abdomen without a gastro-intestinal series
or barium enema. Thoracic surgeons have found bronchography increasingly
significant in the surgery of the lung,. Pyelography, either retrograde or exesctory,
is indispensable before surgery of the urinary tract. It can confidently be pre-
dicted that arteriography will be of as much assi: in the develop t of

surgery of the large arteries as contrast visualization has proved to be in other
felds.

Hisroricar

Sicard and Forestier were the first to visualize the blood vessels of the human
extremity by injection of radiopaque material. Their work in France was fol-
Jowed in the same year by that of Berberich and Hirsch in Germany and by
Brooks in this country. The contributions of Dos Santos established the usefulness
of angiography as a diagnostic method.

Prysiorocy

Contrast visualization depends on the presence of the contrast medium in
sufficient quantity and concentration to cast a shadow during the period of
radiographic exposure. The problem in arteriography is complicated by the fact
that the direction of flow is outward from the heart and that the organ to be
visualized §s already full of fuid. Again, the volume flow varies with the caliber
of the arteries and, for the peripheral vessels, is dependent, at least in part, on
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Coxtnast Minia

Sodium iadide in 80 per cent solution casts a dense shadow but it is quite
jrritating, so that a general anesthesia is necessary when it is employed. It may
also be tonic since 2 patients in whom it was used developed = low grade fever,
and in one of these patients impairment of renal function was noted. Sodium
iodide is therefore recommended only for direct aortography, when it is intro-
duced through a needle inserted directly into the aorta.

Thorotrast is nonirritating when injected into the arterial tree and produces no
spasm of the peripheral vessels. Beautiful arteriograms arc attainable with it.
It has, however, two major drawbacks—~it is not excreted by the body and is
taken up by the endothelial macrephages, chiefly those of the liver and spleen,
where it remains permanently.

Figure 9 is a roentgenogram taken one year after the injection of 100 cc. of
920 per cent thorium dioxide, soluble, intra-arterially. The dense outline of the liver
and spleen results from the persistence of this clement in these organs.

Fic. 9! R ogram of the upper abd one year after the injection of 100 cc. of 20 per
cent thorium diovide, showing the dense outline of the liver and spleen resulting from retention
of the contrast media by endothelial macrophages of these organs.

A second major drawback to the use of thorotrast stems from the possibility
of extravasation of this material at the time of injection. Figure 10 illustrates
the_PCTSiSanCe of the contrast medium in soft tissues below the g
?a[hent who.received an injection of 20 cc. of 25 per cent thorium dioxid.
nto the perivascular tissues of the right groin six years earlier. Comp

Toin in a
e, soluble,
lications of
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SANBORN Viz0 CARC

Fic. 7.—Arterial pressure tracing: strain gauge recording of femoral blood pressure \ariations
during the Valsalva mancuver. The dolteg hine shows the point of commencement of expiratory
effort following maximal inhalation. Note the drop in (otnf pressure and pulse wave during 20
second interval of expiratory effort against a closed glottis, The last frame indicates the
temporary overshoot of pressure following release,
(Freeman, N. E., et al.: Ann. Surg., 130:398, 1949.)

Fic. 8.—Hepatic arteriogram obtained by injection of 10 cc. of 70 per cent neo-iopax through
a 150 em, No. 9 catheter introduced through the brachial artery until sts tip lay in the celiac axis.
(Bierman, H. R., et al.: J. Nat. Cancer Institute.)
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sation of heat in the distribution in the blood vessel into which it is injected.
\Vithin a minute or more, nausea and, at times, vomiting arc produced in about
30 per cent of the paticnts. Occasional deaths following its administration have
been reported. Pendergrass collected 27 incidences out of more than 200,000
injections. It is essential, therefore, to test the patient for sensitivity to diodrast
before intravascular administration of this drg.

Fic. 11.-Operatrne findings in a patient six years after extravasation of 20 cc. of thorotrast
about the femoral artery. The supetficial and profunda femons arteries were densely bownd
down by the scar tissue. The dilated common femoral artery (tube surrounding the vessel on
the left side) can be seen entenng the unolsed area. The entwe mass was resected by
sharp dissection. ’

(Courtesy of Veterans Admimistration Hospital, San Franciseo.)

Diodrast Sensiticity Test. One drop of 35 per cent diodrast is placed in the
fm?junctiva] sac and 1 cc. under the tongue. At the end of five minutes the patient
is instructed to swallow the diodrast which is in the mouth in case no edema
abo}ﬂ the base of the tongue has been produced. At the end of 15 minutes the
conjunctival sacs of the two eyes should be observed to determine the evidence
of .edex.na or inflammation. At the same time it can be noted whether or not
Uri’};a;; 235 been produced about the oral cavity or pharynx.

-five per cent diodrast is moderately irritating and wil
&flofl:he smaller blood' vessels. In the extremities a succesbsﬁxl 1'x:x;e‘:-‘cjtliopnr oxsdlfxrc:qxsxle)ist;?
\'“:;;ed b} blan.chmg of the skin with subsequent mottling. Perivascular extra-
.dluvn Is associated with severe local pain and tenderness, but the diodrast i
rapi dy absorbed and disappears within the course of 24 hous, Figure 15 § a
2ram taken i diately following extravasation of diod:c;;st in:, lih:
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this nature were reported in 13 cases in 1949, In 11 of the patients the thorotrast
persisted about the carotid vessels and in 2 patients about the brachial artery.
There were no deaths. Figures 11 and 12 illustrate the findings in the patients after
an extravasation of thorotrast about the femoral artery in the right inguinal region.
The superficial and profunda femoris arteries were densely bound down and
compressed by the scar tissue. The dilated common femoral artery can be seen
entering the involved area. The entire mass had to be resected by means of
sharp dissection. The major arteries were found to be so friable that suture was

Fo. 10~R showing the persi of tl m the soft tissues below the
groin six years after estravasation of 20 cc. of 25 per cent thonum dioxide into the perivascular
tissues about the femoral attery.

impossible so that the profunda femoris had to be ligated and the involved
segment of the superficial femoral artery replaced by a vein graft. Figure 13
shows the histologic appearance of the tissues which were removed, and Fig. 14
is an autoradiograph illustrating the highly radioactive character of the thorium
six years after its injection.

Diodrast is available in concentrations of both 85 and 70 per cent. It is an
organic iodine compound which is readily excreted by the kidneys. It is nontoxic
except in rare cases of sensitivity. Immedintely after injection it produces a sen-
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Fic. 14.—Autoradiograph obtained from tissue of thorotrastoma.

{Courtesy of Dr. Reilly and Dr. White, Radioisotope Unit, Veterans Administration Hospital,
San Francisco.)

Fic. 15—Extravasation of 35 per cent diodract imbr sL. £
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Fic. 12.—Operative findings in a patient six yeass after extravasation of 20 ce. of tt

about the femoral artery. The major arteries were found to be so friable that suture was
imposstble so that the profunda femoris had to be ligated and the involied segment of the
superficial femoral artery replaced by vein gralt, as illustrated.
(Courtesy of Veterans Administration Haspital, San Francisco.)

Wb T,
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Fi. 13.—Histologic section from a th showing hyalinized i
brownish crystallme foreign body in the cytoplasm of phages. There is
eytic infiltration.” (H. and E., X 220).
{Coustesy of Dr. Moon and Veterans Admunistration Hospital, San Francisco.)
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Fic. 14.-Autoradiograph obtained from tissue of thorotrastoma.
(Conrtesy of Dr. Reilly and Dr, White, Radioisotope Unit, Veterans Administration Hosptal,
San Francisco.)

Ty

Fic, 15, i
1¢. 15.~Extravasation of 3§ per cent diodrast into the femoral region.
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Fic. 12.—0‘pcmﬁ\e findings in a patient six years after extravasation of 20 cc. of thorotrast
about the femoral artery. The major arterics were found to be so friable that suture was
impossible so that the profunda femoris had to be ligated and the involied segment of the
superficial femoral artery replaced by vein graft, as illustrated.
{Courtesy of Veterans Administration Hospital, San Francisco.)
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Fic. 13.—Histologic section from a thorotrastoma, showing hyalinizcd connectine tissue and a
brownish crystalline foreign body in the lasm of p cre is moderate lympho-
cytic infiltration. (H. and E., x 220).

{Courtesy of Dr. Moon and Veterans Administration Hospital, San Francisco. }
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tion, a right carotid arteriogram was performed. As can be scen in the illustration,
the dye passed into the right vertebral artery in high concentration. The patient
subsequently developed signs of brain stem damage comparable to those scen in
thrombosis of the posterior inferior cerebellar artery. Complete recovery fortu-
nately took place within a few days. In another patient with an aneurysm of
the arch of the norta, an attempt was made to visualize the ancurysm by re-
trograde arteriography through the Jeft carotid artery, using the Valsalva maneu-
ver. Sufficient dye passed in a retrograde fashion to visualize the origin of the
aorta and filled the innominate, the right subclavian, and the carotid arteries.

Fie. 17— . X
ic. 17.—Roentgenogram cbtained by 2 right setrograde carotid arteriogram with the Valsaha

maneuver, showing obliterated subclavian, axillary, and brachial arterics and passage of 70
per cent diodrast into the right vertebral artery.

(Freeman, N. E., et al.: Ann, Surg., 130:398, 1949.)

T .

bwix;zasec?lnds latfar the. patient had a severe generalized convulsion followed

cgssfu]] im aphasia which lasted for several days. This complication was suc-

cvery f);u:e:;i(: b):r;he administration of oxygen and nicotinic acid—100 mg.
s. ibili

o 1 considered,e possibility of stellate block under such circumstances

Thy

perioed u:;: :)}fotl:i .Valsalva maneuver is not without its dangers since during the

i¢ compression the cardiac output and blood pressure drop
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femoral region. Figure 16 shows the same area two hours later. The development
of severe local pain with vasospasm may be treated by the local application of
heat to the injection site and, if the vasospasm persists, by a sympathetic block
of the appropriate ganglia.

Fic. 16.—Decrease in the amount of 85 per cent diodrast two hours after extravasation into the
femoral region.

In an occasional patient with severe ischemia of an extremity, sufficient vaso-
spasm may be produced to cause additional thrombosis and resultant gangrene.
We have encountered 2 instances of this nature. An additional 9 cases were re-
ported by Wagner. Seventy per cent diodrast furnishes an even more opaque
shadow, but at the same time is more irritating. Its use has been limited, in our
experience, to visualization of the thoracic and abdominal aorta and its major
branches. Especial care should be taken to prevent the 70 per cent diodrast from

hing the i ial circulation since Isions and death have been not
infrequently encountered. Figure 17 illustrates a pertinent case. This patient had
sustained an occlusion of the right axillary artery secondary to a surgical pro-
cedure. In an effort to demonstrate the location and extent of the arterial obstrue-
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when there are clear indications that the information to be obtained will be
of benelit either in the diagnosis or treatment of the patient. During the past
year 125 arteriograms were made of which 25 were of the retrograde variety,
using the Valsalva mancuver, Complications were encc 1 in only 7.
Thorotrast should be used for arteriography only with adequate exposure
of the vessel so that cxtravasation is prevented. Again, it should be used only
in those cases whose life expectancy is such that the danger of radioactivity
from thorium and mesothorium are of no significance. Its use has generally
been restricted to the visualization of the intracranial cireulation, which is

A B

Fic. 19.~Roentgenogram of the chest. (A) Preoperative film. (B) Film made 10 days after
retrograde carotid artenogram, showing residual thorotrast in the wall of the aorta,

(Freeman, N. E., et al.: Ann. Surg., 130:398, 1949.)

beyond the scope of this article, and in those patients with advanced obliterative

arferial disease where it is felt that the spasm from the injection of 85 per cent

diodrast may lead to the development of gangrene and in those whose life

ezpecl’a.ncy, from the standpoint of their systemic cardiovascular disease, renders

the radiation danger of little significance.

coThe use of sodium jodide should be limited to direct aortography where a high
neentration of heavy density in 2 small volume is essential, Even here, with

a pressure injecti i
sohatitung. injection apparatus, 70 per cent diodrast can probably be safely
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significantly, In those patients with borderline circulation to the brain and
heart, there is danger of intravascular thrombosis. In addition, after release of
the breath, as Smithwick pointed out, there is an overswing of the blood pressure,
especially in patients with hypertension. Figure 18 illustrates the height to
which the blood pressure can climb after the Valsalva maneuver, before and
after lumbodorsal i y. In our early experience with this maneuver,
a complication of this nature may have ocenrred, as illustrated in Fig. 19. This
patient had a left popliteal aneurysm and one in the lower abdomen. Eight
hours atter the arteriogram the patient had a sudden onset of severe precordial

n
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Fic. 18.—Elood pressure response to the Valsaha manemer before and after lumbodorsal
splanchnicectomy.
{Smithwick. R. H.: Ann. Surg., 130:415, 1949.)

distress with a fall in blood pressure and other signs of acute myocardial infarc-
tion. Ten days later, however, when a routine roentgen film of the chest was
taken, it was possible to sec an Iation of the contrast medium in the
wall of the arch of the norta, suggesting the possibility that he had developed
a dissecting aneurysm of the thoracic aorta at the time of the examination.
Recovery finally took place.
These mishaps from the use of arteri phy, especially 70 per cent diod

with the Valsalva maneuver, are given special jon merely to i
e fact that this procedure is not without danger and that it should be used only
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1 «pool No, 60 cotton

1 spoal No, 100 cotton

4 rubber bands

2 segments of plasma tubing, 107 long, cut at 45° angle

1 Tength of 5.0 silh suture with threaded needle for repalr of artery
Sterile ampules of contrast media or contrast solution

Before cxposing the patient to the discomfort and possible dariger of arte-
riography, it is wise to check the peripheral pulses carefully to determine, as far as
possible, the patency of the arteries to be studied. The use of an oscillometer
or even a simple ancroid blood pressure manometer is of help in localizing the
point of arterial obstruction.

Position of the Patient and the Extremity. Since the majority of arteriograms
are made by injection of the radiopaque solution into the brachial artery just
above the elbow and into the femoral artery at the groin, it is helpful to place
the extremity in a position of hyperextension in order to bring the artery close
to the surface and to fix it by the tension of the surrounding tissues. A pillow
beneath the buttocks or a pad beneath the elbow will render the artery more ac-
cessible.

Direet Puncture. With the fingers of the left hand the most easily accessible
portion of the artery is palpated and a skin wheal of novocain raised to 1%
inches above this point. With a 22 gange needle, 1% inchies long, the subcutaneous
tissues are infiltrated down to the artery. The anesthetic solution should be used
sparingly so as not to obscure the pulsations of the artery. An 18 gauge needle,
3 inches Jong, is then introduced through the skin wheal at an angle of ap-
proximately 60 degrees; this needle should have a moderately short bevel. Tt
should be introduced without being attached to a syringe so that its entrance
into the artery can immediately be recognized. The loss of a few cubic centimeters
of blood from the artery is of no significance in comparisen to the importance of
being sure that the entirc end of the needle is lying freely within the lumen of
the artery. As the necdle is gradually advanced, the systolic thrusts of the artery
can frequently be felt. The needle should be advanced slowly and steadily until
it suddenly penetrates the arterial wall and a brisk backflow of blood comes from
the hub of the needle. The hub of the needle should then be depressed and the
needle advanced an additional centimeter to be certain that the point lies within
the lumen. While the needle is steadied with the left hand, the rubber tubing,
which is attached to the syringe being held by an assistant, is attached to the
hub of the needle. The flow of arterial blood into the syringe is evident by the
fact that the needle is still within the artery. The operator should then have his
hand covered by a sheet of lead plate or he should grasp the needle with a long
:lamp in (zrder to prevent unnecessary exposure of his hand to the x-ray beam.
ﬂ\]/hen all is in readiness, the operator gives the signal for his assistant to inject

© contrast medium: This injection should be done as rapidly as possible, with
one hand on the plunger and the other hand on the barrel of the syringe. The
segment of rubber tubing which connects the syringe with the needle is of great
tinm prev?n‘ting‘ accidental dislodgment of the needle from the artery during
- ix:meflliﬂ injection. S.eriﬂ] roentgen films are taken either during the injection

mediately following it, depending on the location of the artery to be
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TECHNIC OF ARTERIOGRAPHY

Equipment. The following is a list of the equipment necessary for the per-
formance of arteriography:
(1) Without cut-down;

Antiseptic solutions for preparing the skin

1 per cent procaine

Medicine glass

5 cc. syringe for local anesthesia

Hypodermic needle

22 gauge needle, 1%

18 gauge ncedle, 5"

20 cc. syringe with luer-lok

Segment of rubber tubing, preferably pressure tubing, fitted with adapter on one
end to fit into the luer-lok and luer-lok connection on distal end for the needle.
The adapters on cither end should be fastened to the rubber tubing with
heavy braided silk or wire.

50 cc. syringe

Sterile mineral ol

Gauze sponges

Sterile rubber gloves

{2) Cut-down arteriogram:

Antiseptic solutions for preparing the skin
1 per cent procaine
Small flask of sterile mineral oil
Sterile sheet with a hole in the center approximately 8 inches in diameter (N.B.:
Instead of applying the drapes to the skin by means of skin clamps, it is
advisable to sew the drapes to the skin so that the clamps will not be visuatized
on the x-ray plates). '
5 cc. syringe for local anesthesia
20 cc syringe with Juer-lok
50 ce. syringe with luer-lok
Medicine glass for novocain
Sponges
Sterile gloves
Scalpel with regular blade
Scalpel with No. 11 blade
1 pair tissue forceps, 47
1 pair smooth forceps, 4”
1 pair Adson fixation forceps
1 pair straight suture scissors
1 pair gallblad@er or Lahey scissors
mosquito hemostats, straight
mosquito hemostats, curved
Mixter gallbladder clamp, curved
Wheatland, 1-retai
vein retractor
curved Kelly
straight Kelly
1 needle holder
Needles: 2 straight skin needles
4 curved, round needles
1 small French eye, full curve needle

4

e b e 10 RO
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fs serted, inclined at o 80 degree angle toward the midline, until the Tateral
aspect of the vertebra is enconntered, The angle of the needle fs then successively
altered wntil the point of the needle can be felt to pass fust lateral to the body
of the vertebra, The needle b then advanced nnti! the posterior aspect of the
norta {5 encountered when a slight theust may he felt, followed by the appearance
of a pulsating stream of arterial bood, The needle should then be advanced an
additional centimeter to he cortain that it & well within the Tumen of the aorta
In order to e certain that the point of the needle is freely in the vessel, the 5
ce. syringe contalning the novoeain can be attached and a small quantity of
flutd injected. The needle is then conneeted by means of the segment of rubber
tubing to the 50 cc. syringe which s dying in the cradle of the spectal injection ap-
paratus, Thiree to 5 atmospheres of pressure are then applied and roentgen fitms
are taken during the injection of the solution. The tubing is then detached and the
needle withdrawn,

Frez, 20.-Mic rophiatograph of wall of aorta five dayy after nortography, using an 18 gauge needle,

Complications: After the use of 70 per cent diodrast for aortography no com-
!)"cﬂﬂnns have heen encountered which were due to the solution, In one instance,
L{Lﬂ(-uwnll:qrnx oceurred after insertion of an 18 gauge needle through the 11th
o t;l!,.wc.- The patient l]l:V('ll)pf'([ dyspnea and a paradoxical pulse. The presence
ooy Ipl}(.umuﬂmmx was confirmed by radlogeaphy and spontancous recovery
D(mp“:lu,'uﬂcr wspiration of the uir. In a large serfes of injections reported by
xhlm;q ”u‘gn('r, and others, no secondary Bleeding has heen reported, Figare 20
o ¢ appearance of the wall of the aorta at the site of the injection through

gauge needle in a patient who died of other causes five days after
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visualized and the volume of flow of blood in this vessel. At the conclusion of
the exposure, blood is aspirated into the syringe to check on the position of the
needle. The needle is then withdrawn and firm pressure is made over the point
of puncture for two minutes,

As soon as the diodrast reaches the smaller vessels, an intense burning sensa-
tion is produced; but the patient has previously been warned to remain immobile,
The skin frequently becomes blanched with cyanotie spots and subsequently
flushing takes place. Within half a minute or so the patient frequently experiences
a wave of heat over the entire body and a sense of nausea.

Extravasation of diodrast is associated with intense pain in the region close
to the injection and frequently with arterial spasm in the distal part of the
extremity. The solution, however, is rapidly absorbed and in only rare cases is
this complication dangerous.

If there is no evidence of extravasation of blood at the site of the arterial pune-
ture, the patient can be allowed to get up and walk within five minutes of the
time of the injection.

Cut-down Arteriography. After infiltration of the skin and subcutaneous tissues
with novocain, the artery is exposed by sharp dissection, as described in an
earlier section. In the case of small vessels, a curved fine hemostat is passed
beneath the vessel and a rubber band is drawn about the artery. In larger
vessels, a Mixter galibladder clamp is used and a short segment of soft rubber
tubing with an outside diameter of approximately 6.5 thirty-seconds of an inch is
drawn about the vessel. The artery is then raised fram its bed and freed from its
attachment for a di of several centi A 15, 18, or 18 gauge ncedle is
thrust into the artery as it is held up by the elastic band or tubing, and, when all is
in readiness, the contrast material is injected as rapidly as possible by the assistant
while the artery is occluded by drawing up on the encircling band. After comple-
tion of the exposure, the needle is withdrawn and the artery again snugged up
for a briet period to allow the puncture wound of the vessel to close spontaneously.
If bleeding persists, especially after the use of a 15 gauge needle, a second rubber
tube is passed about the artery and with both proximal and distal control the
opening in the vessel is closed with a figure-of-eight stitch of 5-0 silk, as described
in an earlier section. While the films are being developed the wound is closed,
but the field is uncontaminated until after it has been determined whether the
flms are entirely satisfactory or not. *

In pertorming retrograde arteriography a Jarge needle, even up to a 13 gauge.
is used and, during the Valsalva maneuver, the proximal artery is palpated
with the left index finger during the period of forced expiration with the glottis
closed until the force of the pulse can be felt to be markedly decreased, The in-
jection is then made as rapidly as possible. The patient is told to bear down
during exposure of all of the films and is then instructed to breathe.

Aoriography. In addition to the equipment used for direct puncture arte-
riography, a special needle, 18 or 17 gauge, 6 inches in length, is necessary. With
the patient lying in the prone position and after preparation of the skin, a skin
wheal of novocain is injected 4 fingerbreadths from the spinous process just below
the 12tk rib or the 11th interspace in case visualization of the upper abdominal
aorta js desired. After preliminary infiltration of the decper tissues, the needle
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visualized and the volume of flow of blood in this vessel. At the conclusion of
the exposure, blood is aspirated into the syringe to check on the position of the
needle. The needle is then withdrawn and firm pressure is made over the point
of puncture for two minutes.

As soon as the diodrast reaches the smaller vessels, an intense burning sensa-
tion is produced; but the paticnt has previously been warned to remain immobile.
The skin frequently becomes blanched with cyanotic spots and subsequently
flushing takes place, Within half a minute or so the patient frequently experiences
a wave of heat over the entire body and a sense of nausea.

Extravasation of diodrast is associated with intense pain in the region close
to the injection and frequently with arterial spasm in the distal part of the
extremity. The solution, however, is rapidly absorbed and in only rare cases is
this complication dangerous.

If there is no evidence of extravasation of blood at the site of the arterial punc-
ture, the patient can be allowed to get up and walk within five minutes of the
time of the injection.

Cut-down Arteriography. After infiltration of the skin and subcutaneous tissues
with novocain, the artery is exposed by sharp dissection, as described in an
earlier section. In the case of small vessels, a curved fine hemostat is passed
beneath the vessel and a rubber band is drawn about the artery. In larger
vessels, a Mixter gallbladder clamp is used and a short segment of soft rubber
tubing with an outside di of imately 6.5 thirty ds of an inch is
drawn about the vessel. The artery is then raised from its bed and freed from its
attachment for a distance of several centimeters. A 15, 16, or 18 gauge needle is
thrust into the artery as it is held up by the elastic band or tubing, and, when all is
in readiness, the contrast material is injected as rapidly as possible by the assistant
while the artery is occluded by drawing up on the encircling band. After comple-
tion of the exposure, the needle is withdrawn and the artery again snugged up
tor a briet period to allow the puncture wound of the vessel to close spontaneously.
If bleeding persists, especially after the use of a 15 gauge needle, a second rubber
tube is passed about the artery and with both proximal and distal control the
opening in the vessel is closed with a figure-of-eight stitch of 5-0 silk, as described
in an earlier section. While the films are being developed the wound is closed,
but the field is uncontaminated until after it has been determined whether the
films are entircly satisfactory or not. *

In performing retrograde arteriography a large needle, even up to a 13 gauge.
is used and, during the Valsalva , the proximal artery is palp
with the left index finger during the period of forced expiration with the glottis
closed until the force of the pulse can be felt to be markedly decreased. The in-
jection is then made as rapidly as possible. The patient is told to bear down
during exposure of all of the films and is then instructed to breathe.

Aortography. In addition to the equipment used for direct puncture arte-
riography, a spccxal needle, 18 or 17 gauge, 6 inches in length, is necessary. With
the patient lymg in the prone position and after prepar\hon of the skin, a skin
wheal of novocain is injected 4 ﬁngcrbreadlhs from the spinous process just below
the 12th rib or the 11th i it in case visualization of the upper abdomi
aorta is desired. After preliminary infiltration of the deeper tissues, the needle
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is inserted, inclined at a 30 degree angle toward the midline, until the Iateral
aspect of the sertebra §s encosntered. The angle of the needle is then successively
altered until the point of the needle can be felt to pass just Tateral to the body
of the vertebra, The needle is then advanced until the posterior aspect of the
aorta is encountered when a slight theust may be felt, followed by the appearance
of a pulsating stream of arterial blood. The needle should then be advanced an
additional centimeter to be certain that it is well within the lumen of the aorta.
In order to be certain that the point of the needle is freely in the vessel, the 5
cc. syringe containing the novocain can be attached and a small quantity of
fluid injected. The needle is then connected by means of the segment of rubber
tubing ta the 50 cc. syringe whicl is lying in the eradle of the special injection ap-
paratus. Three to 5 atmospheres of pressure are then applied and roentgen films
ate taken during the injection of the solution. The tubing is then detached and the
needle withdrawn.

Fic. 20,

~Microphotozraph of wall of anrta fise days after aostography, using an 18 gauge needle,

pli(c:a"!‘i’("P]i:llifrns: After the use of 70 per cent diodrast for aottography no cam-
B oo ns }a\c been encountered which were due to the solution. In one instance,
infex motharax oceurred after insertion of an 18 gauge needle through the 11th
of th?ace' The: patient developed dyspnea and a paradosical pulse. The presence
ook ]Sﬂcurnrnhmaf was confirmed by radiography and spontaneaus recovery
Dossp\\?’; after aspiration of the air. In a large series of injections reported by
Show,; "‘*‘”ﬂ':r, and others, no secondary bleeding has heen Teported. Figure 20
an 1 1€ appearance: of the: wall of the aorta at the site of the injrction through

gauze needle in a patient who died of other causes five days after



412 MONOGRAPHS ON SURGERY

aortography with an 18 gauge necdle. As can be scen, there was slight ecchymosis
beneath the adventitia and minimal trauma in the wall of the aorta. The pos-
sibility of disledging an aortic plaque has been anticipated, but no such com-
plication has as yet been reported. We have felt it wise to have the patient
admitted to the hospital in order to have this examination performed.
Pressure Injection Apparatus. A simple form of pressure injection apparatus
is illustrated in Fig. 21. A carbon dioxide cylinder is fitted with a needle valve and
pressure gauge. Heavy rubber tubing capable of withstanding a pressure of 10
atmospheres leads to a pipe fitted with a Lunkenheimer valve. A release valve
is placed in the circuit and then a grease gun. A small segment of sponge rubber
is applied to the piston of the grease gun which is brought into contact with the
plunger of the 50 cc. syringe. The syringe lies in a cradle with the tip projecting

—

Fic. 21.—Pressure injection apparatus; accurately tooled cylinder and piston from a grease gun.

through an aperture. The 50 cc. syringe is equipped with a luer-Iok for connection
to the rubber tubing, which is then connected to the needle by another Iuer-lok
connection. Only the syringe, rubber tubing, and needle are sterilized.

In actual operation, after the syringe has been filled with the contrast medium.
the rubber tube and needle attached, it is well to test for leaks by closing the
tip of the needle temporarily with the finger while the pressure is temporarily
applied through the injection apy

The present rapid cassette changer which has been so successful is a modifica-
tion of one described by M. McGregor in the August 1949 issue of the British
Journal of Radiology.

It is a gravity-fed magazine type with the plunger actuating a cassette stop
on the push and a micro switch for the exposure on the pull.

From five to eight 14 X 17 cassettes are used and these «
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intervals of one to onc-half seconds, depending on the operator. However, for
the majority of the peripheral vessels this speed is not necessary. It is quite often
advantageous to begin rapidly and after the second film to lengthen the intervals
between the following exposures. This may be necessary to show filling in cases
with diseased, occluded, or spastic arteries.
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prophylactic hemostasis, 392

sheath, 386

spasm, 391

structure, 386-388

surgery. See also Aortography; Arteri-

ography
definitive period, 386
era of ligation, 383
history, 385-386
reconstructive era, 386
technics, 390-396






INDEX

Bone .
dead, replacement by living 227
eburnation, contraindicating  arthro-

plasty, 257
increase in density in necrosis of fe-
moral head, 227.228, 229
reconstruction, in arthroplasty, 259
Bone graft, for necratic femoral head fol
fowing fracture, 200
Bone plates, in internal fixation of frac-
tures, 130-131, 160-161
Brackett rcconstruction for rosorF!inn of
femoral head following fracture,
201
Bronchus, fracture, in chest injury, 45
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Chest injuries (acute) {cont'd)
management of, 36-51, See also Chest
wall; Thoracic injuries
mediastinal tamponade, 45
mediastinal wounds, 49-51
morphine in, 37
subeutancous emphysema, 45-46
tension pneumothorax, 43-45
tracheal wounds, 49
Chest wall, injuries, 37
of blood vesscls, 40
Children, embryonal renal tumors, 359-384,
See also Wilms's tumor
intracapsular fractures of femoral neck
in, 206-212

Bulbocavernosus, technic for

of function, 79, 80

Caisson discase, in etiology of aseptic ne-
crosis of femoral head, 219-220
1 .

Cholecy Y, indicated in
one  stage pancreaticoduodenec-
tomy, 10
in pancreaticoduodenal cancer, 4
Chol jej in

duodenal surgc’ry, 4
Aotl

Calcification, in renal
59

Callus formation in fractores, 152

Campbell arthroplasty, for panankylosis of
knee in extension or slight flexion,
9

Campbell  temporomandibular  arthro-
plasty, 295-296
Carcinoma
embryonal, of kidney, 359
metastatic to kidney, 865
renal, perirenal extension, 370
renal cell. See Adenocarcinoma, renal
squamous cell, of renal pelvis, 358
Cardiac tamponade, 48
Catgut sutures, causing postoperative
plications  after ico-
duodenectomy, 3
Catheterization, in treatment of upper
urinary tract dilatation, 324
Tetention, m lower urinary tract ob-
struction, 329
Chest, stove-in, 89-40
sucking wounds, 40-41
Chest injuries (acute)
atelectasis, 46-47
bronchial fracture, 45
cardiac tamponade, 48
chylothorax following, 47
control of pain, 37
esophageal wounds, 49
beart wounds, 48-49
hemorrhage, 40
hemothorax, 41-42
localized pneumonitis, 46

P

Chf' traumatic, 47
Colonna operation, in aseptic necrosis of
femoral head in adults, 248, 247
Colonna reconstruction of femoral neck
following fracture, 200
Common duct
caleulus, diagnosis, 9
cancer, diagnosis, 8.9
symptoms, 6
Contact splint, in nonunion of fractures,
67

Cortisone, in arthroplasty, 267, 285
Cystocele, 86
repair of, 74
Cystograms, 311, 314, 328, 329, 330, 331
preoperative, in urinary stress incon-
tinence, 110, 111
Cystostomy, in treatment of urinary tract
dilatation, 329-330
Cysto-urethrocele, 89
Cysto-urethrography, technic, 108-110

Dermoid, pararenal, 366

Diiodotyrosine, radioactive, 24

Diodrast, in arteriography, 400-403

Duodenal intubation test, in diagnosis of
pancreaticoduodenal cancer, 8-9

Duude-nectomy, 2 ’

total, essential part of pancreaticoduo-

denectomy, 10

Duodenum, cancer, diagnosis, 6, §

Eburmnation, indicati
25; contraindicating arthroplasly,
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Arthritis, theumatoid, of hip, arthroplasty,
283-285
Arthrodesis, following fracture of femoral
neck,
in aseptic necrosis of femoral head in
adults, 245
Arthroplasty
after-care, 260-262, 272. See also El
bow; Hip; Knee, ete.
biopsy and autopsy studies, 265-267
“cartilage cup,” 254
clinical results, 262
contraindications, 255-259
cortisone in, 267, 285
eburnation contraindicating, 257
elbaw, 300-307
follow-up studies, 265-267, 288
for panankylosis of knee, in acute
flexion, 273
in extension or slight flexion, 269-272

INDEX

Arthroplasty {cont'd)
metacarpophalangeal joints, 306-309
Moore’s cattilage cup, for resorption of
femoral head following  tracture,
201-202

plastic adjustment of the soft tissues,
259

postoperative splint, 272
reconstruction of bone, 259
roentgenography in evaluation of re-
sults, 263-265
technic, 259-262. See also Elbow; Hip;
Knee, ete.
temporomandibular, 293
anesthesia, 294
Campbell technic, 295-296
indications, 293
technic, 294-300
trochanteric, 248
tuberculosis contraindicating, 257
Atel is, following chest injury, 46-47

Fowler, of metacarpophal joints,
306-308
functional results, 262
hip, after-care, 285-288
Gibson modification of Smith-Peter-
sen vitallium mold technic, 288-
203

history, 275
in special conditions, 281-285. See
also Arthritis, rheumatoid; Malum
coxae senilis, etc.
postoperative exercises, 287
Smith-Petersen technic, 276-281
technic, 276-281
vitallium molds, 281, 282, 284
wound closure, 283
history, 253-255
in aseptic necrosis of femoral head in
adults, 246-247, 248
in complications of fracture of femoral
neck, 285
in malum coxae senilis, 281
in multiple ankyloses, 256
in rheumatoid arthritis of hip, 283-285
in tibiofemoral ankylosis with frecly
movable patella, 273
indications for, 255-259
interposition of metal or fascia, 260
joint evolution following, 262-267
Kelikian, of temporomandibular joint,
296-300
knee, 267-274
contraindications, 268
end-results, 273-275
indications, 268
materials for joint interposition, 254

Atmospheric pressure changes, in etiology
of aseptic necrosis of femoral head,
219

Austin-Moore pins, in intracapsular frac-
tures of femoral neck, 189
Autoradiographs, in d ination of ra-
dioiodine uptake, 32-33, 34

Biliary fistula, complicating pancreatico-
duodenal surgery, 4
Bladder
attenuation of base in cystocele and
urethrocele, 90
fluoroscopic examination of, 54
internal sphincter, congenital deform-
ity, 69
in stress incontinence, 62, 63, 68
relaxed, 89
mobilization of base, in treatment of
urinary incontinence, 92-93
neurogenic, causing upper tract dilata-
tion, 317
plication, in treatment of urinary in-
continence, 96, 97
shape, in stress incontinence, 62, 63-69,
70, 71-72
Bladder neck, descent, causing stress in-
continence in female, 5:
Blood transfusions, in traumatic shocl:—, 36{

it e, in |
cancer, 10, 12
Blood vessels, of chest wall, injuries, 40
technic for ligation of branches, 392,
393, 394
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Femoral neck {cont’d)
intracapsular fracture (cont'd)

Moore's cartilage cup  arthroplasty
for rosorption of femoral head,
201-202

nail penetration complicating, 205

nailing, technics, 168-190, 191

nonnmion, treatment, 197-204

operative technie, 187-189

osteotomy, for resorption and  ne-
crosis of head, 201

pathologie, treatment, 191102

postoperative care, 190-191

postoperative infection, 203-200

primary asteatomy, 192-197

prostheses to replace resorbed head,
204

reasons for poor results of nailing,
192, 193
reduction, technic of, 184-187

Fistula, biliary, complicating pancreati-
coduadenal surgery, 4
Fluoroscopy, of bladder, 54
Forcann, fracture of both bones, internal
fixation, 169, 170, 171
Fowler arthroplasty of metacarpophalang-
cal joints, 306-308
ractures
antibiotics in surgery of, 149.150
callus formation, 152
chemical processes of healing, 134
comminuted, screw fixation, 156, 157
compound, healing period, 147, 151
internal fixation, 151
nonunion, 168
skin closure, 150, 151
treatment, 151
double, application of contact splints,
172

excessive bone formation at site, 153
1 o

resorption of head with
treatment, 199.204
Russell's traction, 153, 181
technic of reduction, 184-187
thromboses complicating, 206
traction treatment, disadvantages,
183-184
in children, 212
vitallium cup or mold procedures for
necrosis of femoral head, 202-201
Whitman reduction, results, 179
“stable fracture,” 181
Femur
abduction fractures of neck, 181-182
adduction fractures of neck, 182-212
aseptic necrosis of head, following frac-
ture, 204-205
in adults. See Femoral head
fracture, application of contact splint,
178177
comminuted, 175, 176
healing period, 177
. Postoperative care, 175-177
intracapsular fractures of neck. Sce
Femoral neck, intracapsular frac-

tures
pathologic fractures, closed vs open
nailing, 191-193
Fetus, renal function in
clinical evidence, 310-312
clinical significance, 322-331
cytologic evidence, 314
experimental evidence, 312-316
. Toentgen evidence, 315
Fx'broma, renal, 341
Fibula, fracture, 171

fresh comp 3
healing per primam, 152, 154
healing process, 133
internal fixation, application of com-
pression, 135
application of screws, 155
bone clamps, 165
Lone plates, 160-161
by wire, 156-159
coaption splint, 160, 161
construction of contact splint, 144
contact-compression factor, 135-137,
142-143
contact splints, 144, 146
application of, 162-177
construction, 144
drills, 162, 164
experimental work, 135
history, 130-132
in compound type, 151
internal contact splint, 161
length of plate, 144
loss of bone at fracture site, 165, 166
mechanics of, 132
objective, 132
physiologic basis of, 132
physiologic difficulties, 131
pliability of plate, 144
purpose of plate fixation, 160
results, 177
screw drivers, 165
screw fixation, 155-156
screws, 146-147, 148
single slotted plate, 144, 145
two-slotted plate, 144, 146
when to perform, 165
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Elbow
arthroplasty, after-care, 804-306
end results, 300-301
incision, 301-302, 303
indications, 300
technic, 302-306
lysis, cause of
of bone to metals, 132
Embryoma, renal, 858-364
dency to perirenal ion, 371
‘tendency to venaus invasion; ?72

f: ble reaction

chest injury, 45-46 i
Endametriosis, renal, 363
Endopelvic fascial sheath, 74
Esophagus, penetrating wounds, 49
Exercises, postoperative, in arthroplasty
of hip, 287
in fracture of femur, 175, 176

Fascia, transplantation for relief or urinary
stress incontinence, 99-107
Fascia endopelvina, 75, 77
Femoral head
acrylic replacement of, 247, 249
arterial supply, 215
aseptic necrosis, arthroplasty for, 285
atmospheric pressure changes as eti-
ologic factor, 219
caisson disease as etiologic factor,

219

following fracture, 204-205

Gaucher’s disease causing, 220-221,
222

histologic basis for roentgen changes,
225-232

in adults, arthrodesis for, 245
arthroplasty for, 246-247, 248
case histories, 234-235
Colonna operation, 246, 247
definition, 214
diagnosis, 223-295
etiology, 214, 218-223
idiopathie, 221-223, 225
neurectomy, 245
occupational trauma and, 223
osteo-arthritis in, 231-232
pathologic sequence of events, 225
patterns in_development of, 233
raentgen changes, histologic basis,

225-232

sickle cell anemia causing, 221
spontaneous, 223

trauma and, 223, 236
treatment, 240-249

INDEX

Femoral head (cont’d)
aseptic necrosis {cont'd)
weight-bearing, 240
in children, 212
irsadiation causing, 221
Nagur‘a's (’henry of, 236.240
itis di as

evidence of, 231
radiation producing, 221
blood supply, 204, 215
circufation of, 214-217
callapse, as raentgen evidence of asep-
tic necrosis, 228-23)
dislocation, in etiology of aseptic ne-
crasis, 217, 218-219
fissure fracture, 242 .
increase in bone density, significance,
reconstruction, in arthroplasty of hip,
77, 281
Femoral neek
abduction fractures, 181-182
adduction fractures, 181-212. See also
Femoral neck, intracapsular frac-
ture
Colonna reconstruction following frac-
ture,
fracture, arthroplasty for complications
of, 285
in etiology of aseptic necrosis of head
of femur, 218
impacted fracture, 181-182
intracapsular fracture
age incidence, 182
anesthesia, 184
aseptic necrosis of head, 204
in children, 212
bone graft for necrosis of head, 200
bracing, 206
Brackett reconstruction for resorption
of head, 201
breaking of nalls complicating, 205
cervicotrochanteric, 208, 208, 209,
211, 212
Colonna reconstruction for resorp-
tion of head, 200
complications, 203-208
early care, 183
examination, 183
history of treatment, 179-180
in children, 206-212
Linton’s angle, 187, 193
Luck reconstruction for resorption of
femoral head, 201, 202
mechanisms, 182
midcervical, 206, 207, 210, 212
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Femoral nech {eont’d)
intracapsular fracture {cont'd)

Moore’s cartilage cup nnhm[]ﬂml\'
for resorption of femoral head,
201202

nail penetration complicating, 205

mailing technics, 185-190, 191

nonunion, treatment, 197.20

operative technic, 187-189

osteotomy, for n-mqvlinn and ne-
crosis of head, 201

pathologic, treatment, 191-162

postoperative care, 190-191

postoperative infection, 203-206

primary osteotomy, 192-197

prostheses to replace resorbed head,
204

reasons for r results of mailing,
192, 193 L
reduction, technic of, 164-187

Fistula, biliary, complicating pancreati-
coduodenal surgery, 4
Fluoroscopy, of hladder, 54
Forearm, fracture of hath bones, internal
fixation, 169, 170, 171
Fowler arthroplasty of metacarpophalang-
cal joints, 306-308
Fractures
antibiotics in surgery of, 149-150
eallus formation, 152
chemical processes of healing, 134
comminuted, serew fixation, 156, 157
compound, healing period, 147, 151
internal fixation, 151
nonunion, 168
skin closure, 150, 131
treatment, 151
double, application of contact splints,
72

excessive bone formation at site, 153

resorption of head with
treatment, 199-204
Russell’s traction, 183, 184
technic of reduction, 184-187
thromboses complicating, 206
traction treatment, disadvantages,
183-184
in children, 212
vitallium eup or mold procedures for
necrosis of femoral head, 202-204
Whitman reduction, results, 17¢
“stable fracture,” 181
Femur
abduction fractures of neck, 161.182
adduction fractures of neck, 182-212
aseptic necrosis of head, following frac-
ture, 204205
in adults, See Femoral head
fracture, application of contact splint,
173177
comminuted, 173, 176
healing period, 177
. postoperative care, 175-177
intracapsular fractures of neck. See
Femoral neck, intracapsular frac-
UTH

tures
pathologic fractures, closed vs open
nailing, 191-192
Fetus, renal function in
cl?niml evidence, 310-312
clinical significance, 322-331
cﬂolttg,ic evidence, 314
experimental evidence, 312-316
roentgen evidence, 315
Fibroma, renal, 341
Fibula, fracture, 171

fresh comy 1, treatment, 151
healing per primam, 132, 154
healing, process, 133
internal *fixation, application of com-
pression, 135
application of screws, 153
bone clamps, 185
bone plates, 160-161
by wire, 156-159
coaption splint, 160, 161
construction of contact splint, 144
contact-compression factor, 135-137,
142-143
contact splints, 144, 146
application of, 162-177
construction, 144
drills, 162, 164
experimental work, 135
history, 130-132
m compound type, 151
internal contact splint, 161
length of plate, 144
loss of bone at fracture site, 165, 166
mechanics of, 132
objective, 132
physiologic basis of, 132
physiolagic difficulties, 131
pliability of plate, 144
purpose of pgle fixation, 160
results, 177
screw drivers, 165
screw fixation, 155-156
screws, 146-147, 148
single slotted plate, 144, 145
two-slotted plate, 144, 146
when to perform, 165
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Fractures (cont'd)
intracapsular, of femoral neck, 179.213.
See also Femoral neck, intracap-
sular fractures
intramedullary fixation, 132
“keloid formation,” 158
nonunion, contact splint, 187
grafts, 168
with Sherman type of plate, 133
objective of treatment, 1
oblique, screw fixation, 153
wite fixation, 158, 159
of shafts of long bones, internal fixa-
tion of, 130-178, See also Femur;
Hurmerus; Tibia, ete.
old compound, treatment, 168
pathologic, of femoral neck, 191-192
physical factors in union, 184

INDEX

Hemostasis, in arterial surgery, 392
Hemothorax, following chest injury, 41-
42

Hip
arthroplasty, after-care, 285-288
follow-up study, 288
Gibson modification of Smith-Peter-
sen vitallium mold technie, 288-
203
history, 275
in special conditions, 281-285. See
also Arthritis, rheumatoid; Malum
coxae senilis, ete.
incision, 278
postaperative exercises, 287
reconstruction of femoral head, 277,
281

Smith-Petersen techsic, 276-281
technic, 276-281
vitallium molds, 281, 282, 284
with prosthetic head, in aseptic ne-
crosis, 247, 248
wound closure, 283
aseptic necrosis in adults, See Femoral

7 inter of
films, 151152 B
problem of treatment, 151
roentgenographic study, 151
transverse, wire fixation, 158, 159
Cosbrnind in sooduadenal osteo-arthits

bead, aseptic necrosis in adults
232

surgery, {7

Gaucher’s disease, in etiology of aseptic
necrosis of femoral head, 220-221,
222

Geiger-Miiller tubes, illustrations, 21, 23
mechanism of, 21-22
Gibson mold arthroplasty of hip, 288.
203

Gill's arthrodesis, following fracture of
femoral head, 199-200

rheumatoid arthritis, arthroplasty for,
Hiquinone, preoperative use in pancre-
aticoduodenal surgery, 10
Hodpgkin’s disease, involvement of kidney
in, 864
Hormones, placental, possible effect on
fetal ureter, 322
thyrotropie, 83
Humerus, {racture, treatment, 165-169
Hyd hrosis, 326

Gaiter, toxie nodular, radioiodine therapy,
30
Graft, bone, for necrotic femoral head
following fracture, 200
in nonuvion of fractures, 168
Graves' disease, radioiodine therapy, 29

Hamartoma, rem), 347

Heart, wounds, 48-49
Hemangioma, remal, 343-345
1 N
k;

bilateral, roentgenograms, 323
in tumors of renal pelvis, 358
Hydro-ureter, lower tract obstruction caus-
ing, 817
Hyperephrema,
renal
Hypertension, renal tumors and, 355
Wilmy's tumor and, 363

See Adenocarcinoma,

ia, in renal 851-  1*#2, See Radiciodine
352 Incisions, for remaoval of remal tumers,
in renal hemangioma, 343-344 375-376 .
hit icardis i I i in women. See Urinary
Y40 ’ stress incontinence N
wrhage, importance in arterial sur- i i in p
Hesmo gefgy P fracture of femaral neck, 203

in thomc;c injury, 40

Jodine, radicactive. See Radioiodine



INDEX

Trradiation, in ctiology of aseptic necrosis
of femoral head, 221

Jaundice, in cancer of panereas, 7, 12
in pancreaticoduodenal eancer, 8
Joints, cvolution following arthroplasty,
262-267

Kegel's Perincometer, 69, 88, 124-125
Kelikian technie for temporomandibular
arthroplasty, 296-300
“Keloid” formation, in {ractures, 153
Kidney
adenocarcinoma, calcification, 352
clinical behavior, 355
duration of symptoms, 353
hematuria, 351-352
incidence, 351
life expectancy, 353
Iymphatic spread of, 374
metastases, 352-353
nephrectomy, 352
pain, 852
palliative treatment, 377
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Kidney (cont'd) .
in [odgkin's discasc, 364-365
leiomyoma, 345-346
leukemic infiltration, 864
lipoma, 341.343
lipasarcoma, 349
lymphangioma, 346-347
Iymphoma, 364
fympt 1

"361-365

malignant tumors of nonepithelial tis-
sues, 348-350

metastatic tumors, 364

mixed tumors, 346

multiloculated lymphatic cysts, 346

myoma, 345-346

osseous rests, 366

osteogenic sarcoma, 849

osteoma, 348

parenchymal cpithelium, tumors, 350-
355

pelvis, dilatation, obstructive lesion, 316
epithelial tumors, treatment, 376-377
venous invasion by, 372
extension of epithelial tumors, 370
cell i 358

pathologic grading and prog
354
pelvic dilatation, as evidence of ob-
struction, 310-337
physical findings, 352
prognosis, 353-354
regional node involvement, 374
solitary metastasis, 355
survival rates, 355
symptoms, 351, 352
treatment, 376
venous invasion by, 371
adenoma, 350
angioma, 343-345
carcinoma, embryonal, 859. See also
Wilms's tumor
perirenal extension, 370
chondral rests, 366
dermoids, 366
embryonal tumors, in adults, 858-359
in_ children, 859-364. See also
Wilms’s tumor
palliative treatment, 378
prognosis, 371
tendency to venous invasion, 372
treatment, 377
endpmetriosis, 365
fibroma, 341
hamartomas, 347
hemangioma, 343-345

tumors, 356-358
of epithelium, 356-358
recurrence, 357
survival rates, 358
rhabdomyoma, 346
sarcoma, 348-349, 359
secondary tumors, 364-366
teratoma, 366
tumors. See also Renal tumors, and
under specific types of tumors, as
Adenocarcinoma; Carcinoma; Li-
poma; Sarcoma; Wilms's tumor, ete.
jated  wit! it lerosis,
347
diagnosis, 366-368
hypertension and, 355
incisions for removal of, 375.376
Iymphatic spread, 373
of nonepithelial tissues, 341-350
of “rest” origin, 366
F: icol smear in diagnosis of,

367
prognosis, 370-377
roentgenography in diagnosis of, 368
surgical technic, 875.377
treatment, 869.378
_ Wilms’s tumor. See Wilms's tumor
nee

ankylosis, 267
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Fractuses {cont’d)

intracapsular, of femoral neck, 179213,
See also Femoral neck, intracap-
sular fractures

intramedullary fixation, 181

“keloid formation,” 153

nonunion, contact splint, 167

grafts, 168

. with Sherman type of plate, 183

objective of treatment, 132

oblique, screw fixation, 155

wire fixation, 158, 139

of shafts of long bones, internal fixa-
tion of, 13¢-178. See also Femur;
Humerus; Tibia, ete.

old compaund, treatment, 168

pathologre, of femoral neck, 191-192

physical factors in union, 234

postoperative interpretation of roentgen
films, 151-152

problem of treatment, 151

roentgenographic study, 151

transverse, wire fixation, 158, 159

Gastrajejuaostomy, i y duodenc)
surgesy, 4

Gaucher’s disease, in etiology of aseptic
necrosis of femoral head, 226-921,

INDEX

Hemostasis, in arterial surgery, 302
Hemotharax, following chest injury, 41-
42

Hip
arthroplasty, after-care, £85-288
follow-up study, 288
Gibson modification of Smith-Peter-
sen vitalium mold technic, 288-

2

history, 275

in special conditions, 281-285. See
also Arthritis, theurnatoid; Malum
coxae senilis, ete.

Incision, 276

pastoperative exexcises, 267

reconstruction of femoral head, 277,
281

Smith-Petersen technic, 276-281
techuic, 276-281
vitallium mwolds, 281, 262, 284
with prosthetic head, in aseptic ne-
crosis, 247, 248
wound closure, 283
aseptic necrosis in adults. See Femoral
head, aseptic necrosis in adults
ostea-arthitis, 232
h id arthritis, arthrop
283285
Higuinone, preoperative use in pancre-
aticoduodenal surgery, 10

& for,

22
Geiger-Muller tubes, if} i
mechanism of, 21-22
Gibson mold acthroplasty of hip, 288-

21, 23

33
Cills arthrodesis, following fracture of
femoral head, 199-200

Hodgkin's disease, invol t of kidney
in, 364
Hormones, placental, possible effect on
fetal ureter, 822
thyrotropic, 33
Humerus, fracture, treatment, 166-169
v, heasis, 326

Goiter, toxic nodular, radioiedine therapy,
30
Graft, bone, for necrotic femoral hend
following fracture, 200
in nonunion of fractures, 168
Graves” disease, radiojodine therapy, 29

Hamartoma, renal, 347
Heart, wounds, 48-49
Hemangioma, repal, 343-345
¥ in renal ad §
352
in renal he:nangiomn, 343344

, 351

x &4
Jbﬂnter‘nl, roentgenograms, 323
in tumors of renal pelvis, 358
d ter, Tower tract ol
ing, 817
Hyperneph See

caus-

Ad,

reral
Hypertension, rena} tumors and, 355
Wilms's tumor and, 363

$13%, Seg Radiviodine
Incisions, for removal of remal tumors,
B875-376

in women. See Unmary

P 2 -

49
Hemorrhage, iwportance in artecial sur-

gery, 565
in thoracie injury, 40

stress incontinence
- : 1

postoperative, in i 0
fracture of femoral peck, 205
Todine, radiosctive, See Radioiodine
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Kidney (cont’d}

Jeradiation, in ctiology of areptic necrmds
of femoral head, 221

Jaundice, In cancer of pancreas, 7, 12

in pancreaticoduodenal cancer, 3
Joints. evolution following arthroplasty,
262.267

Kegel's Perincometer, 69, RS, 125.125
Kelihan technic for lmlpommnudﬂmhr
arthroplasty, 296300
“Keloid” formation, in fractures, 153
Kidney
adenocarcinoma, caleification, 332
clinical behavior, 335
duration of symptoms, 353
hematuria, 351-352
incidence, 831
life expectancy, 333
Iymphatic spread of, 374
metastases, 332-33
nephrectomy, 352
pain, 332
palliative treatment, 377
pag;::ogic grading and  prognosis,

pelvic dilatation, as evidence of ob-
struction, 310337
physical findings, 352
prognosis, 353-354
regional node imolvement, 374
solitary metastasis, 355
survival rates, 353
symptoms, 3351, 352
treatment, 376
venous invasion by, 371
adenoma, 330 :
angioma, 343345
carcinoma, embryonal, 339, See alto
Wi]ms"s tumor
Perirenal extension, 37
chondral rests, 86(;0"‘ 50
dermoids, 366
t’m_br}onal tumors, in adults, 338-339
in children, 339-381. See alto
Wilms's tumor
palliative treatment, 378
I(an, 371
ueadﬂ!c‘une;“‘ms;;nmx invasion, 372
endometriosis, 363
fibroma, 341
hamartomas, 347
hemangioma, 343345

T
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in flodgkin's disease, 361-365

leiomyoma, 313318

euhemic infiltration, 364

lipoma, 311-343

liposarcoma, 319

tymphangioma. 316-3 7

fymphoma, 364

(ymphomatobl nvol
301365

malignant tumors of noncpithelial tis-
sues, 315-350

metastatic tumors, 361

tnixed tumors, 316

multiloculated lymphatic cysts. 316

myoma, 313316

ovscous rests, 366

osteogenic sarcoma, 319

osteoma, 348

parenchymal epithelium, tumors, 350-

Iis, dilatation, ohstructive lesion, 318
epithelial tumors, treatment, 376-377
venous invasion by, 372
extension of epithelial tumors, 370
squamous cell carcinoma, 358
tumors, 336-338
of epithelium, 356338
recurrence., 337
survival rates, 358
rhabdomyoma, 346
sarcoma. 318-319, 359
secondary tumors, 364366
teratoma, 366
tumors. Sce also Renal tumors, and
under specific types of tumors, as
Adenocarcinoma; Carcinoma; Li-
; Sarcoma; Wilms's tumor, etc.
associated with tuberous sclerosis,
347
diagnosis, 366-368
hypertension and, 335
incisions for removal of, 375-376
ymphatic spread, 373
of nonepithelial tissues, 341-330
of “rest” origin, 366
<ol

Pap smear in di

8!

of,

367
prognosis, 370-377
roentgenography in diagnosis of, 365
surgjcal technic, 375377
treatment, 369-378
Wilmy's tumor. See Wilms's tumor

Knee
ankylmis, 267
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Knee {cont'd)

INDEX

Metatarsals, wire fisation of fractures, 158

arthrop indications, 268
end-results, 273.274
indications, 268
in acute flexion, treatment, 278
in extension or shght flexion, treat-
ment, 269-273

Lejomyoma, renal, 345-348
Leukemia, involvement of kidney, 364

“muscle of,” 83, 84
ph{siology of, 54-82
voluntary, diagrams, 58, 60
Mixed tumors, renal, 348
Moores cartifage cup arthroplasty, for re-
sorption of femoral head following
fracture, 201-202
Morphine, in chest injury, dangers, 37
Maltipara, position of bladder in, $5, 58

Levkoplakiz of renal pelvis, as pr
ous lesion, 357
Levator urethrae muscles, technic for se-
storation of function, 77, 78
Levin tube, preoperative use in panere-
aticoduadenectomy, 12
Linton’s angle, 187, 193
Lipoma
intrarenal, 343
peritenal, 342.343
renal, 341-342
retraperitoneal, 342
Liposarcoma, venal, 349
Yasck reconstruction of femoral head fol-
lowwg fracture, 201, 202
L_vmpl‘mngioma. renal, 346-347
1 b Sy

Tt of uri-
nary tract, 364-365
Lymphoma, renal, 364365
Lymphosarcoma, renal, 364
Lungs, infuries, in thoracic trauma, 41-
47. See alsa Atelectasis; Hemo-
thorax; Pneumothorax, ete.

Malum coxae senilis, arthroplasty, 281

Meatotomy, ureteral, in treatment of
upper urinary teact dilatation, 325
inal ¢! folk \ ;"b chest

Med

i
injury, 45
Mediastinitis, following injury, 51
Mediastinum, susgical anatomy, 49
wounds, 49-51
Megalo-ureter, definition, 419
eticlogic theories, 318
Mesonephrie ducts, experimental obstruc-
tion, 315
Metacarpals, wire fixation of fractures,
158

Metacarpophalangeal joints
nr!hr;!;)lfsty‘ after-care, 309
incision, 308
techric, 306-308
Metastases, in renal adenocarcinama,
3 3

Muscle ed in of vrinary
stress jncontinence, 122-124
“Muscle of micturition,” 83, 84
Myoma, renal,"345-346
2 Py :

g radiviodine therapy
of thyroid disease, 33

Naguras theosy of development of asep-
tic mecrosis of bone, 236-240
Natling, of intracapsular fractuses of
fernoral neck, 187-189, 190-191
open vs closed, in pathologic fractures
of femoral neck, 191.192
Nephrectomy
or renal adenocarcinoma, 852, 376
for renal tumors, 369
for Wilms's tumor. 361, 362
Nephrography, in diagnosis of renal tu-
woss, 368
Nephrostograms, 332
Nephrostomy, indications for, 330
Nephro-ureterectomy, indications for, 33¢
in treatment of tumers of renal pelvis,
357

Nerves, regional blocking, for pain in
chest injuries, 87, 358-39
Neurectomy, in aseptic necrosis of fernoral
head in adults, 245
Nullipara, etiology of uripaty siress in-
continence in, 69
position of bladder in, 56, 57, 60

Osteo-arthritis, as roentgen evidence of
aseptic neerosis of femoral head,

231-232
Osteochondritis di as evi-
dence of aseptic necrosis of fe-
moral head, 231
Osteama, pararenal, 345
re following arthropl 264

g P

Ostca;amy

in sesorption and necrosis of femoral
head following fractare, 201

preceding arthroplasty of hip, 277
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Osteotomy (cont'd)
primary, in fracture of femoral
1 7

neck,

Pain
in cancer of pancreas, 7
in chest injuries, control of, 37
in renal adenocarcinoma, 852
Pancreas
cancer, diagnosis, 9
prognosis, 7
symptoms, 7
lingula, involvement by cancer, 1n
uncinate process, cancer of, 11
Pancreatic duct, implantation into jenunal
loop, 10
Panereaticoduodenal arca, 1
P icoduodenal  cancer,  insidi
onset of symptoms, 1-2
palliative treatment, 9
Pancreaticoduodenal tumors,
diagnosis, 7-11
Pancreatectomy, total, illus., 15
Pancreaticoduodenectomy
anesthesia, 12
antecolic procedure, 14
closure of incision, 11
in cancer of ampulla of Vater, 6
incisions, 12-13, 16
modifications of two stage, 5
one stage, 4, 5
advantages, 9-11
operative procedure, 12-16
posteolic procedure, illus., 13
postoperative care, 16-17
postoperative licati

differential

427
Pnevmothorax, complicating aortography,
411

tension, following chest injury, 43-45
Postoperative care, following arthroplasty,
260-262, 272, 285-288, 206, 299
in intracapsular fracturc of the femoral
neck, 190-191
Pregnancy, contraindicating  radiciodine
therapy in thyroid discase, 30
Procaine injections ta control pain in chest
injury, 36, 38
Proctocele, complicating urinary stress in-
continence, treatment, 117
Prostheses, to replace resorbed femoral
head f(ﬂlnwin%; fracture, 204
Pubococeygeus muscles, 59
active exercise without pcrincomcler,
125

atrophy, 122
congenital weakness of, 69
determination of function, 122
resistive exercise, 124
use in repair of wrinary stress incon-
tinence, 108-119
weakness in etiology of stress incon-
tinence, 62, 120
Pyelograms, 811, 320
Pyel )

plasty, in tri of up-
per urinary tract dilatation, 325

Radiation, in etiology of aseptic necrosis

of femoral head, 221
Radionctivity, dangers of exposure to,
in radioactive iodine therapy of
tllymid disease, 22-23

Radioi

Ppreoperative care, 12
preoperative penicillin, 12
radical,
results, 17
sump drainage, 11
sutures, 11
technic, 12-16
Pap laou smear, in
tumors, 357, 367
Papilla of Vater, cancer, excision, 2.3
Pararenal tumors, 366
Patellofemoral ankylosis, 273
Penicillin, preoperative use in radical pan-
creaticoduodenectomy, 12
Perineometer, Kegel's, 69, 88, 124.125
Physiotherapy, following arthroplasty, 261
Plane of cleavage, 74, 75
MO

P Tined
P £oll.

I N
g of renal

ing chest in-
inry, 46

administration of, 22-23

fate of orally administered, 24

in adenocarcinoma of thyroid, 81

in diagnosis of thyroid disease, correla-
tion with otr:;r diagnostic proce-
dures, 28

in Graves’ disease, 29

in  malignant tumors of
30-34

in study of thyroid physiology, 23.24

in thyrofd disease, myxedema follow-
ing, 33

in toxic nodular goiter, 30

in treatment of thyroid disease, 29.34

mode of action in thyroid, 24 -

physical characteristics, 20

preparation of, 20

uptake in thyroid gland, 25.27

urinary excretion, 27

thyroid,
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Knee (cont’d)
arthroplasty, contraindications, 268
end-results, 273-274
indications, 268
in acute flexion, treatment, 273
in extension or slight flexion, treat-
ment, 269-273

Leijomyoma, renal, 345-346
Leukemia, involvement of kidney, 364

INDEX

Metatarsals, wire fixation of fractures, 158
Micturition
“muscle of,” 83, 84
physiology of, 54-82
voluntary, diagrams, 59, 60
Mixed tumors, renal, 346
Moore’s cartilage cup arthroplasty, for re-
sorption of femoral head following
fracture, 201-202
Morphine, in chest injury, dangers, 37
Multipara, position of bladder in, 55, 58

Leukoplakia of renal pelvis, as T -
ous lesion, 357
Levator urethrae muscles, technic for re-
storatton of function, 77, 78
Levin tube, preoperative use in pancre-
aticoduodenectomy, 12
Linton’s angle, 187, 193
Lipoma
intrarenal, 343
perirenal, 842-343
renal, 341-342
retroperitoneal, 342
Laposarcoma, renal, 349
Luck reconstruction of femoral head fol-
lowing fracture, 201, 202
Lymphangioma, renal, 346-347
Lymphoblastomous involvement of uri-
nary tract, 364-365
Lymphoma, renal, 364-365
Lymphosarcoma, renal, 364
Lungs, injuries, in thoracic trauma, 41-
47. See also Atelectasis; Hemo-
thorax; Pneumothorax, etc.

Malum coxae senilis, arthroplasty, 281

Meatotomy, ureteral, in treatment of

upper urinary tract dilatation, 325
1 de, following chest

M.

injury, 45
Mediastintis, following injury, 51
Mediastinum, surgical anatomy, 49

wounds, 49-51
Megalo-ureter, definition, 319
etiologic theories, 318
Mesonephric ducts, experimental obstruc-
tion,
Metacarpals, wire fixation of fractures,
158

Metacarpophalangeal joints
arthroplasty, after-care, 309
incision, 306
technic, 306-308
in renal
352-353

)

Muscle , in t of urinary
stress incontinence, 122-124

“Muscle of micturition,” 83, 84

Myoma, renal, 345-346

Myxedema, following radiciodine therapy
of thyroid disease, 33

Nagura’s theory of development of asep-
tic necrosis of bone, 236-240
Nailing, of intracapsular fractures of
femoral neck, 187-189, 190-191
open vs closed, in pathologic fractures
of femoral neck, 191.192
Nephrectomy
for renal adenocarcinoma, 352, 376
for tenal tumors, 369
for Wilms's tumor. 361, 362
Nephrography, in diagnosis of renal tu-
mors,
Nephrostograms, 332
Nephrostomy, indications for, 330
Nephro-ureterectomy, indications for, 330
mn treatment of tumors of renal pelvis,
857

Nerves, regtonal blocking, for pain in
chest injuries, 37, 38-39
Neurectomy, in aseptic necrosis of femoral
ead in adults, 245
Nullipara, etiology of urinary stress in-
continence in, 69
position of bladder in, 56, 57, 60

Osteo-arthritis, as roentgen evidence of
aseptic necrosis of femoral head,
231-232

Osteochondritis dissecans, as roentgen evi-
dence of aseptic necrosis of fe-
moral head, 231

Osteoma, pararenal, 348

X osis, g arthroplasty, 264

Osteotomy

in resorption and necrosis of femoral
head following fracture, 201

preceding arthroplasty of hip, 277

P
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Thyroid
adenocarcinoma, radioiodine  therapy,
malignant tumors, radioiodine therapy,

mode of action of radiciodine in, 24
physiologic studies with radioiodi
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Urcter(s) (cont'd)
congenital dilatation, as evidence of ob-
struction, 310-337
congenital obstruction, in ctiology of
dilatation, 322

dilatation, causes, 318-322
1

o

ion as etiol-

23-25
uptake of radioiodine by, 25-27
Thyroid disease
diagnosis with radioiodine tracer stud-
ies, 23-28

radiviodine in  diagnosis, correlation

ogic factor, 321
obstructive lesion causing, 316-318,
322
theories of etiology, 820-322
fetal, possible effect of placental hor-
mones on, 322

with other diagnostic p
28

radioiodine therapy, 29-31
Thyrotropic hormone, 33
Thyrovine, 24
Tibia
fracture, application of contact splint,
169-170, 172, 178
communited, 147
compound, 166
double comminuted, 173
oblique, 149
screw fixation, 153
Trachea, penetrating wounds, 49
Traction
in adduction fracture of femoral neck,
disadvantages, 183-184
postoperative, in Kelikian arthroplasty
of temporomandibular joint, 299,
302

lar dysfunction, in etiology
of dilatation, 321
obstruction, 316
con%eniml, 322
transplantation, not satisfactory in treat-
ment of urinary tract obstruction,
331
Ureteral meatotomy, in treatment of up-
per urinary tract dilatation, 325
Ureterostomy, for urinary tract dilatation,
330

U ical orifice, i p , Cas-
ing upper tract dilatation, 817
Urethra
dilatation, in treatment of upper uri-
nary tract dilatation, 324
lengthening in treatment of stress in-
continence, 74, 77, 89
mobilization, in treatment of urinary
. incontinence, 93
. et

not i in_intracap frac-
ture of femoral neck, 190

Transurethral fulguration and resection,
in treatment of upper urinary tract
dilatation, 325

Transversus perinei, technic for restora-
tion of function, 79, 80

Trauma, occupational, in etiology of asep-
tic necrosis of femoral head in

. adults, 223

, greater, d d plan-
tation in Gibson arthroplasty of
hip, 292
TSH. See Thyrotropic hormone
Tuberculosis, ~ osseous, contrai ing

arthroplasty, 257
Tuberous sclerosis, renal tumors associ-
ated with, 347

Ulna, fracture, internal fixation, 169
Ureter(s)
congenital defect in wall, in etiology
of dilatation, 321-322

3 310
plication, in treatment of urinary in-
continence, 96, 97
sphincter, 83
Urethrocele, 86, 88, 89
complicating urinary stress inconti-
nence, treatment, 117
Urethroscopy, preceding operative treat-
me;t of urinary stress incontinence,

Urinalysis, in diagnosis of renal tumors,
367

Urinary control, in normal women, 54-
62
Urinary excretion of radioiodine, 27
Urinary reflux, 314, 317
Urma.ryhsh'ess incontinence in women
complicate iologi
p1 ;g ed, physiologic therapy,

congenital, 69, 70, 71

etiology, 5473, 85, 120

faih{re of first operation for, 83
fascial sling operations, 101-106
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Radium therapy, in bone changes fol-
Jowing, 221
Radius, fracture, contact splint, 169
Reflux, urinary, 314, 317
Renat function in fetas
clinical evidence, 310-312
chnieal sigmficance, 322-331
eytologic evidence, 314
expermental evidence, 312-316
soentgen evidence, 315
Renal pelvis, squamous cell carcinoma,
358

Renal tumors. Ser also Kidney, twmors,
and under specific tumors, as
Adenncarcinoma; Wikas's tusmor,
efe.

animal studies and, 338-339

associated with tuberous sclerosis, 347
benign, of nonepithelial tissues, 348
classification, 340-366

incidence, 338

mued, 346

of nonepithelial tissues, 341-350

of parenchymal epitheliom, 350-355

Rhabdomyoma, renal, 348

Roentgen’ therapy, bone changes fallow-
ing, 221

in Wilms's tumer, 361-362, 377

Boentgenography

in diagnesis of aseptic necrosis of
femoral head tn adults, 223, 225,
227

in diagnasis of renal tumars, 368

in evaluation of results or arthroplasty,
263-265

in reduction of intracapsular fracture
of femoral peck, 185-187

of fractures, 151

Sareoma
metastatic to kidney, 365
osteagenic, of kiduey, 348
renal, 348-349, 359
Screws, in intemnal fixation of fractures,
155-136
Shock, following chest injury, 36
tratmatic, blood transfusions in, 36
Sickle cell anemia, in etiology of aseptic
necrosis of femoral head in adults,
221
Sifk sutures, in pancreaticoduodenat sur-

gery, 34 .
Smith-Petersen arthroplasty of hip, 276
281

INDEX

Smith-Petersen nail, in infracapsular frac-
ture of femoral neck, 188
Sodium iodide, as contrast medium in

asteriography, 899, 407
Sphincter
iniexmg vesieal, congenital deformity,
&

in stress incantinence, 62, 63, 68
relaxed, 89
urethral, 83
Spleen, en bloc resection in total panere-
atectomy, 11
Splints, in nonunion of fractures, 187
Steel plates, in internal fixation of frae-
tures, 131
fracture

pi, in i T
of femaral neck, 188
Stove-in chest, 39-40
Suffoeation, danger of, in shock following
chest injury, 86
Surgery, radical, in poncreaticoduodenal
cancey, 1-19
Sutures, in arterial surgery, 302
in pancreaticoduodenectomy, 11

Tamponade, cardiac, 48
mediastinal, 43
Telangiectasts, differentiated from angi-
oma,
Temporomandibular joint
arthroplasty, 293
anesthesiz, 294
Campbell technic, 294-295
indrcations, 293
Kelikian technic, 296-300
technje, 294-300
Teratoma, pararenal, 368
Test, duodenal intubati

in 1
oduadensl cancer, 8-9 ) "
” R <

gency, in
following chest injury, 41
Theracie duct, inpry, 47
Thacacic injuries, shock following, 86
Tl\qmcotomy, in traumatic chylotharax,
47

Thosotrast, in arterlography, 899-400,
407

Thrombosis
complicating intracapsular fracture of
femoral neck, 206
of inferior vena vava, renal cancer and,
354

tumor, of sepal vein, 371-372
Thyroglobulin, 24
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Urinary stress incontinence (cant d)
Frost technic of fascial

INDEX

Vagina, plashc operations, for uripary in-
failures, 99-100, 103,

for, 101-106
in nulliparas, 68
in young girls, 69
Kegel's theory of etiology of, 86-87
Millin’s fascial sling technic for, 105-
108

nonoperative category of cases, 83

operative technic for, 74-81, 82-98

pathologic physiology, 62-70

physiologic axioms, 74

physiologic therapy, anatomic basis,
121

mdications for, 126, 128
relation to surgery, 127-128
results, 127
technic 122-126
preoperative cystograms, 110, 111
prevention of,
pubococcygeal muscle operation, tech-
nie, 111-119
reasons for operative failures, 82.83,
99

repair of complicating cystocele, 74, 75
severe, physiologic therapy, 126
simple, physiologic therapy, 126
surgical failures, factors contributing to,

74-81,

of anterior wall for usinary incon-
tinence, 91
preceding fascial transplants for uri-
nary incontinence, 101, 106
Valsalva ‘maneuver, in arteriography,
dangers, 405-406
Vitallium cup procedures, for necrosis of
fermoral head following fracture,
202-204
Vitallium molds, in arthroplasty of hip,
281, 282, 284, 251, 203
Vitamin K, preoperative use in pancre-
aticoduodenal surgery, 10, 12

Wilson operation, for aseptic necrosis of
femoral head in adults, 246, 248
Wilms’s tumor
age incidence, 360
diagnosis, 361
embryogenesis, 360
hypertension and, 363
metastases, 363
palliative treatment, 378
pathogenesis, 360
prognosis, 363, 372-373
therapy, 861-362, 377

technic of opx
93-98
transplantation of fascia in, 99-107

survival rates, 363
symptoms, 361

to direct p 1

vaginal approach in surgical
of, 82-98
Urinary tract
lower, obstruction, 317-318
mid-tract obstruction, 317
obstruction, treatment, 324-331
sites of obstruction, 322
wpper, dilatation, 311
Urograms, 323, 324, 325, 326, 327, 828,
330, 331. See also Cystograms;
Nephrostograms; Pyelograms

871
tendency to venous invasion, 372-373
treatment, 361-362, 377
Wire, in internal fixation of fractures, 156-
159

Wounds

cardiac, 48-4%

healing, inhibited by cortisone, 267
mediastinal, 49-51

sucking, of chest, 40






