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PREFACE

Emocmxomcy now occupies a prominent position in
surgical study and practice. The manifold potentiahties
of the pituitary secretions have been spotlighted for many
years, but 1t is only recently that the full force of illuminat-
ing mvestigation has been turned upon the functions of
the adrenal cortex. Although more than a score of differ-
ent adrenocortical hormones have now been isolated and
rdentified, it is evident that the almost incredibly varied
activities of these steroids are only beginning to be un-
raveled. Indeed, the influences of these hormones are
second only to those of the pituitary This 15 1 marked
contrast to the roles of the pancreas, parathyroids, and
thyrord, which organs at the present ttme are known to
secrete only one major endocrine substance

The adrenocortical sterotds are of singular interest and
mmportance to the surgeon in the care of his patients. To
begin with, major operations would not be possible with-
out adequate cortical activity Furthermore, the use of
hormones as therapeutic agents in themselves has been
widely exploited Among the processes that are affected
by adrenocortical hormones are the metabolism of pro-
tems, fats, carbohydrates, water, and electrolytes, anti-
body formation and immune reactions, circulatory reflexes
and blood pressure, inflammations and bactenal infections,
gastromtestinal function, hematoporesss, and skeletal me-
tabolism, and the peripheral and central nervous systems.
Somatic and sexual maturation are particularly affected by
adrenocortical hyperactivity The effects of the endocrine
organs are doubtless produced mn part through the action
of hormones on the enzyme systems which regulate various

e
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cellular chemical activities. Finally, the adrenal cortices
exert important modifying effects upon the function of
other endocrine organs.

The purpose in writing this monograph has been to pre-
sent a series of investigations in surgical endocrinology in
which the adrenal cortex has been a major interest. In
addition, a résumé of adrenocortical functions is given, the
clinical management of adrenocortical tumors and hyper-
plasia is outlined, and the therapeutic uses of ACTH and
cortisone are summanized

The mechamsms of the stress response and associated
adrenocortical functions are outlined in Chapter 1. In
Chapter 2 the metabolic response to a smgle operation is
examined, and mn Chapter 3 the response to multiple oper-
ations is presented. Chapter 4 is devoted to the adreno-
cortical response to extensive burns, and Chapter 5 deals
with adrenocortical function m malnourished cancer pa-
tients The next three chapters have to do with the lab-
oratory mvestigation and the climcal management of
adrenocortical tumors and hyperplasia  Cushing’s syn-
drome, the adrenogemital syndrome, and feminizing syn-
dromes are considered In Chapter 9 1s mentioned the
current status of adrenalectomy as a treatment for essen-
tial hypertension and for metastatic neoplasms of the
breast and prostate In Chapter 10 are listed in some detail
the mode of action, dosage and routes of admmistration,
and the clinical mdications and contramdrcations for the
use of ACTH and cortisone

It is hoped that this volume successfully combines prac-
tical therapy for the physiologic surgeon with useful Iabo-
ratory data for the surgrcal physiologist
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Chapter I

AN OUTLINE OF
ADRENOCORTICAL FUNCTIONS

Pituitary-Adrenal Relationships
General Comments on Stress

’I‘m: STRESS RESPONSE 1s of basic importance to the sur-
geon, and 1t 15 germane to begin this discussion of stress
with a ideration of the 1 by winch the
stress response 1s evoked. Stated m the simplest terms,
stress results in the release of pituitary adrenocortico-
trophic hormone {ACTH) 1t is probable that the thyroid-
stimulating hormone (TSE ) and the antidiuretic hormone
(ADH) are also released at an mcreased rate following
trauma ACTH stimulates the adrenal cortex to release its
hormones, which have mamfold capacities to alter body
metabolic processes

Types of Stress. Surgical trauma is only one of a large
variety of stressful situations which may stimulate the
pituitary-adrenocortical aus At the lower end of the scale,
munor but definite responses may be elicited by emotional
stramn. That this can oceur n laboratory animals bas long
been appreciated, and 1t 1s now realized that emotional
and physical stress can merease adrenocortical activity
in man.

Thus the cerebral cortex, whence come the emotions,
has a profound 1nfluence upon body metabolic processes
Through the hypothalamus, it exerts this influence, at least

2
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General Comaments on Stress

’rm: sTss ReseoNse s of baswe importance to the sur-
geon, and 3t 15 germane to begin this discussion of stress
with a iderabion of the ani by which the
stress response is evohed Stated i the simplest terms,
stress vesults 1 the release of pitwtary adrenocortico-
trophuc hormone (ACTH) It 1s probahle that the thyroid-
stimulating bormone { TSH) and the antidiuretic hormone
(ADH) are also released at an mereased rate following
tranma  AGTH stimulates the adrenal cortex to release its
hormones, which have mamfold capucities to alter body
metabohe processes

Types of Stress Surgical trauma 15 only one of a Jarge
vanety of stressful stuations whe-t >
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St 400t s can oceur m Yaboratory ammals has long

been appreciated, and it 15 now realized that emational

and physteal stress can mcrease adrenacostical activity
n man.

Thus the cerebral cortev, whence come the emations,

has a pro[ound influence unem b
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m part, by altering the tissue concentrations of hormones
which, probably through intermediate enzyme systems,
regulate ccllular chemical activity.

In addition to traumatic and emotional stress there are
other types of stress which are encountered 1n the manage-
ment of surgrcal patients. Pontes and Neves (1) have pre-
sented evidence which indicates that adrenal stimulation
occurs in the “dumping syndrome” followmg subtotal
gastric resection Fever and infection also are effective
activators of the stress response, and an extensive thermal
burn evokes the most intense alanmn response of any mjury
that we have studied,

The Stress Mechanism

Actwation of ACTH Release in Stress It has been
pomted out by Long (2) that any study of the regulation
of adrenocortical secretion to a large degree resolves itself
mnto a study of the factors responsible for the release of
ACTH from the anterior pitwitary. To the understanding
of these relationships there will doubtless be added more
mformation concerning the factors, 1f any, that regulate
the formation of ACTH 1n the gland, since those factors
that govern 1ts release are not necessanily synonymous with
the factors which govern the formation of the hormone m
the gland

Dunng an operation ACTH 1s released from the antertor
pitwtary  The consensus 15 that this release may be
effected by one of two pathways and possibly by both.
The first 1s by way of the peripheral nervous system and
the second 15 humoral in nature For example, 1t has been
shown that if an extrennty 1s denervated prior to a mmor
mjury there may be no merease m the release of ACTH,
as reflected by the level of adrenal ascorbre acid. If the
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magnitude of the injury to the denervated evtremity s
mereased, howeves, there is observed the wsual decrease
in the adrenal ascorbic acid content (3). Im a particu-
larly ingenious experiment, Fortier (4) studied the ACTH
resp to systennc stmuli (epinephrine, cold, and hsta-
mine) and to “neuratrophic” stimuli {sound, immobiliza-
tion). The adenohypophysis was separated from the
hypothalamice centers m rats through transplantation of
the gland of a donor into the antenor chamber of an
eye of the recipient, who was Iater hypophysectomized
These ammals, along with normal controls, were stimu-
Jated at weekly intervals and the fall in the cuculating
cosinophil count was used as an index of ACTH release
Epinephnne, cold, and histamme brought about a definite
eosinopenia in both normat and grafted animals Sound
and wnmolilization produced a marked fall in the eosino-
phut count uy the mntact but none in the grafted ammals
Be considered that these results suggested a dual regula-
tion of ACTH release, one purely humoral, in response to
systemic stmuli, and the other probably neurohumoral,

diated by the hypothalamic and hypothalamo-hypo-
physeal neurohumoral pathways, The evidence for this
dual control of ACTH reloase has been summanzed by
Hume (5)

The rehabibty of epmepbnne as a stimulator of the pi-
tuitary release of ACTH has vet to be defined  Previously
1t was hoped that by using epmephnne as an actvator of
the anterior pitustary and ACTEH as an activator of the ad-
senal cortex, the functional mtegnty of both members of
the prtuttary-adrenal axis conld readily be ascertained Un-
{ortunately, while the effectvencss of ACTH as a stmu-
tator of the adrenal cortex has been most gratfymg (6},
the effectiveness of epmephrine m sumulating the anterior
pitwitary, as reflected in the evidence of ACTH release
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has been disappointing (7, 8, 9). As will be demonstrated
m Chapter V, the mjection of epinephrine into persons
whose pituitary-adrenal axis can respond to ACTH or
operation frequently appears to indicate that the re-
sponstveness of either the antersor pituitary or the adrenal
cortex 1s impaired when such is not the case.

In summary, while detectable amounts of ACTH have
been demonstrated m the blood following the injection of

[RSRAT.AN

phrme does not establish that either the prtuitary or the
adrenal cortex is mcapable of an adequate response to
operative stress

Salicylates and Pitwitary-Adrenal Stimufation

The strking biological effects of cortisone and ACTH
are echoed, though somewhat faintly, by the action of
salicylates 1n heavy doses (11, 12, 13, 14). Hetzel and
Hme (15) showed that sodmm salicylate m doses giving
plasma levels of from 15 to 30 milligrams per 100 milli-
Iiters depleted the adrenal ascorbic acid to an extent re-
lated lmearly to the size of the dose This effect was
abolished by hypophysectomy They concluded that the
therapeutic action of salicylates 15 mediated through the
pitwtary and the adrenal glands  Tlus view 1s further sup-
ported by the mhibition of expermental serum arthnitis
by both cortisone and sakicylates, and by the reported ef-
fect of salicylates m increasing the output of 17-keto-
steroids (16).

On the other hand, there 1s considerable evidence that
salicylates oppose the diabetogenic cffect of cortisone In
defense of thetr thesis that the therapeutic action of salicy -
ates 1s mediated through the prtuitary and adrenal glands,
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Hetzel and Hine mte Sayers thesis that it is a lowered
blood level of the cortieal hormones which stimulates the
prtuitary to release ACTH and they suggest that sabeyl-
ates inczease the nbilzation of the cortical hormones in
the tissues

Whatever the precise nature of the relationship be-
tween the salicylates and the cortical hormones may be,
further work should dlanfy the marked therapeutc of-
fectiveness of salicylates in certain condations which have
also responded dramatically to cortisone therapy.

Pitvitory-Adreaat Function in the Newborn

The functional capacity of the pituitary-adrenal system
1 the newborn has been subjected to considerable study.
Morel, Bonvallet and Stutinsky (17) found that untif the
twelfth day of hfe young dogs are almost completely in-
sensitive to the mjection of ACTH n doses which cause
a drop in the total eosinophil count of adult dogs. There-
after the resp hecame progressively greater each day,
as evidenced by the fact that the amount of ACTH re-
quured to produce an effect dimmished each day In a
study of mfants, Jaler (18) found that the admunistration
of epinephnine to premature mfants did vot stimulate a
sigmficant fall in the total eosinophil count before the
ninth day of age, whereas the majority of full-term infants
reacted wn the first twenty-four houss In general, the
smaller the birth weight the greater was the interval
before the test beeame posiive The administration of
ACTI to all infants produced a sigmificant fall in eosino-
phuls as early as the secand or thad day of lfe It was hus
impression that the psemature mfant 1s perhaps less able
to cope with alterations in environmental conditions than
is the full-term mfant
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Venning (19), on the other hand, found no difference
between the full-term and the premature infant in respect
to the urnary excretion of glucocorticoids. Newborn in-
fants excreted small amounts of corticoids that could be
detected by both bio-assay and chemmcal methods, and
after the sccond week of hfe a gradual increase in the
excretion of glucocorticoids was observed. The newborn
infant responded to ACTH 1 the same manner as the
adult, with a fall in the cosmophil count and a rise m the
urinary corticoids and 17-ketosteroids. It was Venning’s
mmpression that at birth the adrenal gland js less re-
sponsive to stimulation with ACTH than m the second
week of ife However, under sufficient stress, such as that
of atelectasis, the newborn premature infant was capable
of responding with an mcreased excretion of corticoids

The Rhythm and Regulation of Normal Pituitary-Adrenal Activity

It has becn established beyond reasonable doubt that
the anterior pitwitary responds to humoral factors in ad-
justing 1ts secretron of ACTH Furthermore, 1t would ap-
pear that these mechanisms function, at least in part, in-
dependently of the nervous system (20) If Sayers’ hy-
pothesis 1s correct—and there 1s much evidence to support
it—the pituitary gland responds to a lowered level of cor-
tical hormones by increasing its output of ACTH and vice
versa For example, Ingle (21) showed in 1938 that the
adrenal cortical 11yper(mphy induced by stress could be
suppressed by the administration of large amounts of
cortical extract More recently 1t has become abundantly
clear that the admimstration of sufficient doses of cortisone
suppresses endogenous pituitary-adrenal activity in man
This suppression 18 lessencd by the concomitant adnums-
tration of ACTH In hypophysectomized rats given a uni-
form intake of ACTH n amounts sufficient to prevent ad-
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renocortical atrophy, the additional administration of large
amounts of adrenocortical extract fails to diminish the
size of the adrenal cortices (20). *

Is the output of ACTH in man wcreased when the
blood level of cortical hormones s diminished? Yes, there
is evidence that the output of ACTH is mcreased under
such conditions. In studying the blood level of ACTH in
man, Sydnor and his associates (22) found no detectable
ACTH in the blood of normal non-stressed males, but
they did find ACTH in the blood of patients with Adds
son’s disease. Further, it 15 of mterest to note here that
an increased blood level of ACTH has been demonstrated
m patients with adrenocortical hyperplasia (23).

What is the status of adrenocortical function following
hypophysectomy® There is general agreement that m the
hypophysectormized anmal some restdual function of the
adrenal cortex remamns  Moreover, the outer zona glomer-
ulosa appears to be less affected by resection of the pi-
tuitary than do the middle zona fasciculata and the inner
zona reticularts,

Ingle (20) has noted that the hypophysectomized rat
does not show the abnormalities m electrolyte balance
which charactenze the adrenalectomized rat, and this 1s
of particular interest mn the light of the fact that the studies
of Deane (24) have mdicated that the zona glomerulosa
1s the zone particularly concerned with the secrction of
hormones which primanly nfluence electrolyte metabo-
hsm (Fig 1, p 30) Additional evidence supporting this
thesis has been advanced by Wilkins and associates (25),
who have suggested that the zona fasciculata 1s the one
pumanly concerned with the secretion of carbohydrate
regulating hormones  The zona reticulans may produce
the adrenal androgenic hormones (26, 27). In summary,
while there 15 evidence for and agamst the postulate that
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Venning (19}, on the other hand, found no difference
between the full-term and the premature infant in respect
to the urinary excretion of glucocorticoids. Newborn in-
fants excreted small amounts of corticoids that could be
detected by both bio-assay and chemical methods, and
after the second week of hfe a gradual increase in the
excretion of glucocorticoids was observed. The newborn
infant responded to ACTH in the same manner as the
adult, with a fall in the cosinophil count and a rise 1n the
urinary corticoids and 17-ketosteroids. It was Venning’s
impression that at birth the adrenal gland is less re-
sponsive to stimulation with ACTH than m the second
week of ife. However, under sufficient stress, such as that
of atelectasis, the newborn premature infant was capable
of responding with an mcreased excretion of corticoids.

The Rhythm and Regulation of Normal Pituitary-Adrenal Activity

It has been established beyond reasonable doubt that
the anterior pituitary responds to humoral factors n ad-
justing 1ts secretion of ACTH Furthermore, 1t would ap-
pear that these mechanisms function, at least in part, m-
dependently of the nervous system (20). If Sayers” hy-
pothesis is correct—and there is much evidence to support
it—the pituitary gland responds to a lowered level of cor-
tical hormones by increasing its output of ACTH and vice
versa, For ple, Ingle (21) showed m 1938 that the
adrenal cortical hypertrophy mduced by stress could be
suppressed by the administration of large amounts of
cortical extract More recently 1t has become abundantly
clear that the admimistration of sufficient doses of cortisone
suppresses endogenous pituitary-adrenal actwity in man,
This suppression 1s lessened by the concomitant adminis-
tration of ACTH In hypophysectomized rats ginen a um-
form intake of ACTH in amounts sufficient to prevent ad.




AN OUTLINE OF ADRENOCORTICAL FUNCTIONS 1

produced no further increase in the fall m eosmophils and
m the excretion of 17-ketosteroids, though a second 1n-
fusion on the succeeding day did stimulate a still greater
response These findings may prove subject to modifica-
tion.

It has been found that patients who exhibit httle or
no response to the mtramuscular injection of ACTH fre-
quently do respond adequately to the intravenous admin-
istration of this hormone The failure of these patients to
respond to the local injection of ACTI appears to be due
to the fact that local intramuscular destruction of the hor-
mone oceurs (30). The continuous intravenous adminis-
tration of a given amount of ACTH produces a far greater
response than does the intramuscular injection of the
same amount of hormone n dwvided doses {29) Theie-
fore, for economy and for maximal effect, ACTH therapy
should be given intravenously when urgently mdicated

Renold and his associates found that the intravenous
admimistration of 20 units of ACTH over a period of eight
hours produced a mean ncrease of 63 milligrams 1n the
excretion of 17-ketosteroads during a twenty-four hour
pertod in forty-one normal subjects The mean increase in
ten persons with Addison’s disease was 0 4 milligrams, and
following bilateral adrenalectomy the mean increase was
01 mulhgrams m exght patients The total eosmophil count
fell an average of 97 per cent m the forty-one normal pa-
tients In the patients with Addison’s disease there was
a mean mcrease of 4 per cent, and m the adrenalecto-
mized patients there was a mean mcrease of 5 per cent.
These observers noted that following heavy cortisone
therapy the 1atrogemic adrenocortical msufficiency pro-
duced by this hormone did not respond readily to the m-
travenous admmstration of ACTH However, when -
tramuscular ACTH was continued during oral cortisone
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the zona glomerulosa functions independently of the an-
tertor pituitary and secretes a hormone which regulates
electrolyte balance, there appears to be no doubt that
certain stimult can affect the function of the adrenal
cortex independently of ACTH.

What is the Nature of ACTH?

Recent Literature pertaining to this subject has been re-
viewed by Engel (28) Though the precise chemical
nature of ACTH has not yet been determined, the data
presently available indicate that ACTH is a small molecule
contaming one or more peptide bonds but probably no
free amino groups, although amino and carboxyl groups
appear to be essential for its activity. No indisputably
chemically pure ACTH has been prepared, and uncertain-
ties will exist concerming the chemical and physical prop-
crties ascribed to the hormone until complete and definite
purification has been achieved.

The Measurement of Adrenocortical Reserve

While there is increasmg doubt concerning the reliabil-
1ty of the epmephrine test as a measure of the functional
integnity of the prtuttary-adrenocortical system, the more
consistent reliability of intravenously administered ACTH
as a means of assessing the functional reserve of the ad-
renal cortex (29) 1s recognized Although protemn shock
is not unknown followmg the intravenous infusion of
ACTI, this use of the hormone has proved to be a safe
and rather effective means of assessimg adrenocortical ac-
tivity m the vast majonty of instances. Renold and his
associates (30) have found that 20 units (20 milhgrams)
of ACTH admimmstered mtravenously over a period of
cight hours effects the maximum increase 1n adrenocortical
activity, a further increase n the dosage administered
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produced no further increase mn the fall in eosinophils and
in the excretion of 17-ketosteroids, though a second m-
fusion on the succeeding day did stimulate a still greater
response  These findings may prove subject to modifica-
ton,

It has been found that patients wha exhubit Iittle or
1o resp to the int Iar injection of ACTH fre-
quently do respand adequately to the mt admm-
istration of this hormone. The fatlure of these patients to
respond to the local injection of ACTH appears to be due
to the fact that local intramuscular destruction of the hor-
mone oceurs (30). The continuous intravenous adpunis-
tration of a given amount of ACTH produces a far greater
response than does the mtramuscular injection of the
same amount of hormene in divided doses (29). There-
fore, for cconomy and for mauimal effect, ACTH therapy
should be given mtravenously when urgently indicated.

Renold and his associates found that the intravenous
admmistration of 20 umts of ACTH over a period of eight
hours produced a mean merease of 6.3 milhgrams m the
excretion of 17-ketosterowds durmg a twenty-four hour
petiod in forty-one normal subjects The mean mncrease mn
ten persons with Addson’s disease was 0.4 milligrams, and
following bilateral adrenalectomy the mean wcrease was
01 mithgrams i eight patients, The total eosinaphil count
fell an average of 97 per cent in the forty-one nonmal pa-
tients In the patients with Addison’s disease there was
a mean increase of 4 per cent, and m the adrenalecto-
mized patients there was a mean merease of 5 per cent
These observers noted that following heavy cortisone
therapv the aatrogenic adrenocortical msufficiency pro-
duced by this hormone did not respond readily to the in-
travenous admmustration of ACTH However, when in-
tramuscular ACTH was continued duning oral cortisong




12 SURGICAL PHYSIOLOGY OF THE ADRENAL CORTEX

therapy, the adrenocortices were activated by the ad-
ministration of the exogenous ACTH, although presum-
ably anterior pitwtary inhibition was present.

For practical purposes, therefore, if a preoperative pa-
tient suspected of adrenocortical inadequacy does not
exhibit at least a 50 per cent fall in the total eosmophil
count at the end of eight hours following the infusion of
20 mlligrams (20 units) of ACTH, the presumptive diag-
nosis of adrenocortical insufficiency should be entertained
and the patient treated for this condition.

The Physiologic Effects of Adrenccortical Stimulation
General Considerations

It is our purpose in the next few paragraphs to present
a brief outline of some of the many physiologic effects
of adrenocortical hormones, to be followed by additional
discussion of some of the more pertinent of these activities.

The profound mfluence of adrenocortical hormones up-
on the intermediary metabolism of earbohydrate and pro-
temn, and probably of fat, is well known. Water and
electrolyte metabolism are regulated to a very consider-
able extent through the action and imterplay of the hor-
mones of the adrenal cortex and of the anterior and
posterior pitwitary lobes. The influence of cortical hor-
mones on mesenchymal tissue 1s stniking and has been
thoroughly documented during the past several years
Lymphoid tissue may disintegrate, and the blood lympho-
cytes and cosmophils usually dimimish 1n number when
cortical hormonal activity is increased by the admimstra-
tion of ACTH or cortisonc Moreover, in the acute
management of allergic and hypersensitive states adreno-
cortical therapy has found one of its most useful ficlds

Inflammatory reactions of almost all types arc usually
modified by the admimstration of cortrcal hormones, and
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the course of bacterdal infections s often altered, It may
be possable to suppress the physiologie effects of bacterial
infection withaut suppressing the multiphcation of the
bactena  Nevertheless, cortical therapy for such condi-
tions has both favorable and unfavorable features in that,
while the symptoms produced by the ifection may be
dimmished, the body defl may be so altered by the
therapy as to permit the multiplication of bacteria in
overwhelming numbers.

"The fact that hypotension occurs i adrenal insuficiency
and hypertension 1n certain types of adrenal hyperactivity
emphasizes the influence which these hormones have on
the vascular system {31), and adrenalectomy 1 being
evaluated as a treatment for cssential hypertension

It 15 increasmgly ewident that many types of mental
aberration may be iated with I 1 imbal

The marked mfluence of cortical hormone admimstra-
tion on the gastrointestinal tract has been reported by
numerous wrters, and we have demonstrated n correla-
tion between the di hed  gasts inaf
and the mereased adrenacortical activity following op-
eration (32).

Finally, adrenocortical function strongly nfluences the
actwity of other endacrme organs, notably the pituitary,
the pancreas, and the thyrod.

Protein Metabolism  In 1940 Long, Katzin, and Fry
{33) noted that ad tieal extract d the
nitrogen everehion and hiver glycogen of the fasted rat,
and for some time thereafter 1t was believed that the in-
creased exeretion of mtrogen whieh followed a major
operatss e procedure was due chiefly to the merease in the
seeretion of adrepocortical hormones.  However, Ingle
(34) and Engel (35) later showed that an the adrenalec

d angmal ined on a but
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dose of replacement therapy an increased nitrogen ex-
cretion could still be produced by trauma. They con-
cluded that the presence of a certain “permissive” level of
cortical hormone was necessary for the increased metab-
olism and excretion of nitrogen to occur, but that the
increased excretion of nitrogen was not due to an increase
in the secretion of hormones per se, though their biologic
potency may be altered. Recent work suggests that the
increase in nitrogen excretion which follows operation may
be related to alterations in thyroid activity.

The availability of cortisone and ACTH have per-
mitted further studies of protein and nitrogen metabolism.
Tt has been found that the marked losses of nitrogen which
accompany the administration of ACTH and cortisone
can be compensated for by doublmg the caloric and pro-
temn content of the diet, resulting in a shift from a negative
to a positive mitrogen balance.  Moreover, Sprague and
his associates (36), noting the demonstiation by Albnght
(37) that the negative nitrogen balance of Cushing’s
syndrome could be altered by the admumstration of
testosterone, found that the negative nitrogen balance
produced by 200 milligrams of cortisone daily was re-
versed by the administration simultaneously of 25 milh-
grams of testosterone propionate. Whitney and Bennett
(38) observed that the catabolic effect of ACTH on
nitrogen metabolism could be mhibited by a diet high
in potassium, and a similar observation was made by
Eliel and Pearson {39) in the treatment of a case of Cush-
ing’s syndrome

It will be apparent from the foregoing observations
that the role of cortical hormones 1 proten metabohism
1s an ntricate one, but that these relationships are of
practical importance m clmical medicine and surgery

Carbohydrate Metabolism. The importance of adreno-
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cortical activity in the maintenance of a normal blood
sugar level has long been app d  After adrenal
tomy the carbohydrate resenves of the Hver and wuscles
are diminished and the patient with Addison’s disease
may die from hypoglycemin. Conversely, an eveess of
cortical hormones, such as that observed m Cushings
syndrome or after the adrinistration of large amounts
of cortisone, 1s frequently accompanied by a diabetic
tendency mansfested by glycosuria, an increased blood
sugar level, and a dinbetic type of glucose tolerance curve.
Insulin and cortical hormones are physiologie 'mtagomsts
and the dizbetes of total p 1
by adrenalectomy. It has long been known that the
pitstary-adrenal system has a marked dubetogenic effect
in animals (40) and the hypoglycemia associated with the
functioning metastases of a tumor of the isles of Langer-
hans has been effectively combatted by the adminsstration
of cortisone (41} Fnally, the admmistration of corti-
sone will mantain an adeguate blood sugar level m pa-
tients with Addison’s disease in the presence of prolonged
fasting

The mechanism by which the cortical hormones main-
tam an adequate blaod sugar level is not entirely clear
The adrenal cortex s known to exert a significant inflvence
upon the conversion of proten mto carbohydrate and
through that mechamsm to provide a controlling action
over the supply of carhohvdrate as & component of the
metabolie mixture avarlable for oxdation, the adrenal
cortey also tends to regulate the quantity of glycogen
present m the hver and the level of glucose i the blood
and tissues  The mfluence of cortisone upon the ovida-
tron of carbohydrate i the peripheral tissues may be
medinted through enzyme svstems

Fat Metabolism. Less is known concerning the m-
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fluence of cortical hormones upon fat metabolism than
upon the metabolism of protein and carbohydrate. Never-
theless, data are rapidly accumulating which indicate
that the cortical hormones do indeed have an important
role in fat metabolism. The abnormal distribution of fat
m patients with Gushing’s syndrome is well known, and
recent studies in adrenocortical hyperplasia have shown
that when the excessive androgen production (causing
the adrenogenital syndrome) is suppressed by the ad-
ministration of cortisone there may occur such a rapid
redistribution and deposition of fat as to cause white striae
of the skin beneath the female contours.

A deposition of fat in the liver following cortisone
therapy has been noted previously. Lachance and Page
(42) have shown that thyroxine and cortisone both pro-
mote the accumulation of fat in the brown adipose tissue
of intact rats and that therr action appears to be syner-
gistic: in adrenalectomized ammals the response to the
administration of thyroxine was minmal but the response
to cortisone admimstration was comparable to that ob-
tained m intact rats.

Despite the obvious effects of adrenocortical hormones
upon fat distribution, the exact nature of the influence of
adrenocortical hormones upon intermediary fat metab-
olism remains controversial. Current work and opimons
concerning the role of the adrenocortical hormones 1n fatty
acid synthesis and in ketone metabolism have recently
been reviewed by Engel (28).

Electrolyte and Water Mctabolism. Promptly following
adrenalectomy, or more slowly during the development
of Addison’s discase, charactenistic alterations in the usual
state of water and salt metabolism are observed. A
marked loss of body sodium (accompanied by water) re-
sults in a lowered serum Ievel of this 10n  In contrast,
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the potassiurn concentration of the serum is elevated,
and this 15 due to a dimmished excretion of this jon by
the ladney as well as to an increased movement of po-
tassium from the cells into the extraceltular space. The
normal relationships between the intracellular and ex-
traceliolar fluid compartments are altered. The loss of
sodim from the extracelfular compartment results in a
loss of water from this compartment, the water being
either excreted or transferred 1nto the cells. "Total body
water is dumnished, and this resalts in 2 Joss of body
weight (43, 44, 45, 46, 47, 48).

The patient with adrenccortical insufficency is unable
to excrete adminustered water at a normal rate and this
forms the basis for a part of the Robinson-Power-Kepler
{49) water test for Addison’s disease CGaunt and his
associates {43) believe thus to be due to the unopposed
action of the posterior pitwtary antdicretic hormone,
which is ordmanty conized by the ad tical
hormones. The dunimshed abibty of the kudneys in ad-
renal insufierency to excrete an umposed water Joad is
generally considered to be due to an excessive tubular
reabsorphion of water  Under such circumstances water
toucation is readidy mduced.

Sartanius, Cathoon, and Pitts (50) found that the kd-
ney of the adrenal d rat exhibits defects i its
capacty to exercte ammonia and tratable acid amount-
mg to, respectively, 50 per cent ond nearly 80 per cent
of the normal  These defects were present under the
usual laboratory condions and under mild and severe
acd stress. The findings became apparent within a few
hours after adrenalectomy and persisted unchanged for
from two weeks to two months  These changes, whch
could be corrected by the admmistration of DCA or ad-
renocorhieal extract, were considered to result from some
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specific depression of tubular metabolic activity. As a
consequence of these defects in tubular activities, the
adrenalectomized animal maintained m otherwise good
condition by a high salt intake suffers from mild to moder-
ate acidosis  These workers gained evidence, in the form
of a dimmished cholesterol and ascorbic acid content of
the adrenals, that normal ammals respond to acid stress
with an activation of the adrenal cortex.

The administration of cortisone and/or desoxycorti-
costerone to adrenalectomized animals results in a marked
decrease m the renal excretion of sedium (51), but the
influence of cortisone on the renal excretion of water and
electrolytes in the intact ammal or human bemg varies
considerably from time to time (52).

The flud and electrolyte changes produced by Cush-
ing’s syndrome can be duplicated in most important re-
spects by the admmustration of ACTII, cortisone, or
desoxycorticosterone  On the whole, though there are
mdividual variations as noted above there is a tendency
to retain sodum, chloride, and water and to excrete po-
tasssum  Lewitt and Bader (48) have demonstrated a
shift of water into the extracellular fluid compartment
during ACTH and cortisone therapy  This redistribution
from the intracellular space reached its peak after cight
to nime days and then diminished, despite contmued treat-
ment. The admmstration of ACTH and cortisone by
these workers produced a progressive mcrease in glo-
merular filtration rate and 1n the filtration fraction

Whereas acidosis may be encountered in Addison’s dis-
ease, alkalosis 1s frequently present i hyperadrenocorti-
cism  Cooke and lus associates (52) have presented
evidence which sheds some hght upon the possible mech-
anism by which hypochloremie, hypopotassemic alkaloss

1s produced
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The administration of ACTH, eortisone, or desoxycorti-
costerone influences alse the electrolyte composition of
salva (53) and sweat (54). The concentration of sodim
1s diminished and that of potassinm 1 inereased.

The Adrenal Corter and Postoperative Fluid Metab-
olism, Having considered some of the more general as-
pects of the adrenocortical infl upon the bol
of salt and water, 1t 1s pertment to describe here certam
of the changes which occur in the body flmds and clectro-
Iytes folfowing operative trauma. Immediately followmng
a major operation there is a diminution in the ueinary
volume and m the urinary sodmm and chloride conteat,
but the urnary everetion of potasstum 1s mereased (53).
These changes may represent the net effect of the activity
of the adrenal cortex and of the posterior prtvitary.  The
volume of sweat which can be callected s a rubber glove
tends to be dimmished (564 ~e-c2t 7 ’ .

e

e v gdstromtestingl seere-
s winch can be aspirated with a Miller-Abbott tube and
continuous suction 1s decreased mmediately following
operation as compared with control values and with the
amount which can be aspirated several days following
operation (32).

The practigal mportance of the dunmished urinary ont-
put of water and of sodwm and chlonide 1 that durng
s mmediate postoperabive perod the patrent cannot
excrete these clements at a normal rate, and thus the
intravenous admmnistratbion of these matenals should be
hrmated.

The practical ymportance of the dmmmmshed gastroin-
testimal secretion postoperatively is that the surgeon need
nat be concerned when the Miller-Abbott tube fmls to
dram what he considers to be an adequate volume so
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long as the abdomen remains soft and flat and the patient
has no pain, the bowel is in all likelihood adequately de-
compressed.

As noted previously, there 1s a tendency for the serum
sodium level to be diminished and for the serum bicar-
bonate level to be somewhat increased following opera-
tion, The volume of the extracellular fluid is mcreased,
presumably at the expense of the intracellular fluid com-
partment. These changes are considered to be related
to an mcrease in adrenocortical activity,

Streeten and Ward-McQuaid (58) have studied thir-
teen patients with paralytic ileus m an attempt to dis-
cover the relationship of adrenocortical hyperactivity and
of potassium und chloride deficiency to the development
of this condition, but their findings were not conclusive.
There 1s no question but that paralytic ileus is frequently
associated with a potassium deficiency, but it remams
to be demonstrated whether or not this 1leus can be the
result of an mereased adrenocortical activity in the ab-
sence of a potassium deficit.

The Cardiovascular System. As mentioned, striking
changes m the cardiovascular system are observed in
adrenal msufficiency  There 1s a fall n the artenal blood
pressure, obvious perpheral collapse, a decrease n circu-
lating blood volume, and a decline m the cardiac output
Conversely, i hyperadrenocorticism, such as occurs 1
Cushmg’s syndrome, therc may be found hypertension,
an mereased blood volume and red cell mass, and a flond
appeurance—ﬁndmgs which can be dupheated m large
mecasure by the admrmistration of ACTH or cortisone
As noted, such relationships have stimulated nterest in
adrenalectomy as a treatment for essentual hypertension

Cortical hormones have been shown to have an mpor-
tant influence on capillary resistance. Robson and Duth-
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rie (59) observed that the inflichion of various types of
tissue damage and the appheation of various other forms
of stress may be followed by an inerease in capsllary resist.
ance. The administration of ACTH also decreased capil-
Tary fragihty, as measured by a negatsve-pressure method.
Kramar and Simay-Kramar {60) demonstrated a con-
sistent pattern of alterabiens in the capdlary resistance
(fragility) followng sham adrenalectomy and adrenal-
ectomy. Followmg sham adrenalectomy there was a more
or less pronounced wmercase m capiilary resistance during
the first day, a cntical drop at the end of the first or dur-
ing the second week, then a state of pathologically low
resistance lashng about two weeks, and fnally a peried
of recuperatwon  The entire phenomenan, which they
termed “capillary crisis,” required abont one month  After
adrenalectomy only the second and third phases of the
above pattern were seen; that 15, the mital nse was ab-
sent and the capiffary resitance remamed at low levels
during the entwe penod of observation (up to nine
months) A study i the late postoperative period showed
that cortisone promptly restored the capillary resistance
but, surpnsingly, ACTH did not  The admmistraton of
cortisone to the sham operated animals, or to the merely
anesthetized ammals before the procedures, abolished the
usual phases of the capllary eriis  Desoxycorticosterone
acetate and ACTH did not do so in the doses employed

Robson and Duthne took thews stndy a step farther
and treated patients with thrombocytopenic purpura.
Defimte chmical remissions were obtained on three pe-
casions  These workers suggested the use of the capillary
resistance method as a measure of the response to stunula-
tion of the adrenal cortexn As will be seen Clmytcr X,
numerons workers have utihized cortisone and ACTH m
the therapy of thrombocy topenie and hemolytic conditions
with gratfying results
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long as the abdomen remains soft and flat and the patient
has no pain, the bowel is n all likelihood adequately de-
compressed.

As noted previously, there is a tendency for the serum
sodium level to be dimimished and for the serum bicar-
bonate level to be somewhat increased following opera-
tion. The volume of the extracellular fluid is increased,
presumably at the expense of the intracellular find com-
partment  These changes are considered to be related
to an mncrease mn adrenocortical activity.

Streeten and Ward-McQuaid (58) have studied thir-
teen patients with paralytic ileus in an attempt to dis-
cover the relationship of adrenocortical hyperactwvity and
of potassium und chlonide defi 'y to the development
of this condition, but their findings were not conclusive.
There 1s no question but that paralytic ileus 1s frequently
associated with a potassium deficiency, but it remamns
to be demonstrated whether or not this ileus can be the
result of an increased adrenocortical activity in the ab-
sence of a potassium deficit,

The Cardiovascular System. As mentioned, strking
changes m the cardiovascular system are observed in
adrenal msufficiency.  There 15 a fall in the arterial blood
pressure, obvious pertpheral collapse, a decrease 1n crreu-
lating blood volume, and a decline m the cardiac output
Conversely, in hyperadrenocorticism, such as occurs
Cushing’s syndrome, therc may he found hypertension,
an ncreased blood volume and red cell mass, and a florid
appearance—~findings which can be duplicated m large
measure by the admimstration of ACTH or cortisone
As noted, such relat hips have st Jated interest n
adrenalectomy as a treatment for essential hypertension,

Cortical hormones have been shown to have an impor-
tant mfluence on capillary resistance  Robson and Duth-
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the normal range, as measured by an over-all adrenal re-
sponse index which was the mean of the sum of the
changes m the six urinary and blood vanables. These
schizophrenics, however, showed qualitative abnormalities
of response as compared to normal persons, in terms of
the satios of thew various urinary indices.

These findings are but indicatnve of the mass of data
being accumulated which indicates that the total metab-
olism of the human organism must be viewed as a single
umt and, further, that mental diseases probably represent
definite physicochernical aberrations that will eventually
be defined

Mesenchymal Tesues  The adremocortical hormones
have a marked effect upon the physiologie processes m-
volved in “collagen diseases,” and these effects are dis-
cussed m some detard wnder the section dealing with
ACTH and cortisone therapy

Infl tions  The ad ration of cortisone and
ACTH has a modifying influence on the course of inflam-
matory processes, but the precise site of action of these
agents 1w dimimshing or suppressing the usual evidence
of mflammation s not certam  Cooke and Smith (62)
believe that the fact that cortisone cam suppress the n-
flammatory reaction wrespective of the causative agent
1s due to the fact that cortssone can nulbfy the usual 1n-
crease m capilary permeabshity and that, thus, the nite
of cortisone’s action is vascular

1t 1s by no means certam that st 1s deswable to utdize
cortisone to prevent the usual body reaction to an in-
flammatory agent, though under certain conditions such
a suppression may be mdicated

Allergie (hypersensitioty) Syndromes  The majority
of i estigators agree that the admimstration of adequate
amounts of ACTH and/or cortisone to patients with al-
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The Nervous System  Recent knowledge of the in-
fluence of the adienal steroids on mental processes has in-
stilled new hope that the mystenes surounding mental
disease will ultimately be dispelled. The fairly distine-
tive personality of patients with Addison’s discase on the
one hand, and of patients with Cushing’s disease on the
other, have ndicated that the adrenocortical steroids do
in fact influence mood The use of cortisone and ACTH
has further strengthened these impressions by virtue of
the fact that these agents produce euphoria in some pa-
tients, and in these and in other patients depression may
ensue upon withdrawal of the drug, Certan individuals
become actually psychotic during the administration of
these agents, and certain psychotic patients became lucid
while on therapy.

Hoagland (61) investigated patients with personality
disorders and found that approximately two-thirds of a
large group of chronic schizophrenic patients showed un-
responsivity of the adrenal cortex to several psychological
and phystological stresses, in contrast to normal controls
Test mijections of adrenocortical extract produced similar
responses 1 the measured indices m both control and
patient gioups, mdicating that the penpheral organs
acted upon by the adrenal steroids responded normaily
As compared to the controls, two-thirds of the schizo-
phrenic patients were unresponstve, by the entena used,
to 25 milligram test mjections of ACTI, mdicating that
the unresponswvity lay at the level of the target organ
for ACTH, namely, the adrenal cortex itself. Neverthe-
less, larger doses of ACTH did activate the patients’ ad-
renals  In contrast to psychotic patients, psychoneurotic
imdividuals displayed normal responses to ACTH  One-
third of the schizophreme patients had adrenal responses
to the imposed stresses and to ACTH which were withm
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(65) have stated that such spontancous infections are
possibly due erther to a flare-up of foci which are ordi-
nanly suppressed by the patient’s defense mechaniswms or
to the taking root of “non-pathogens” in bosts whose de-
fease mect are impaired by the h Antopol
and Quittrer (66) have pointed out that cortisone may
so alter the reactivity of the host that some tissues will
. 1

resist a deg tion-y g lus whle others will
react to prod Ny severe deg on and
nRCrosis

These workers have proposed that cortisone be given
to detect the presence of reservors or of subclimeal in-
fections m animals, for cortisone penmts the growth and
multipheatson of orgamsms in certam animals which are
normally resistant to the multiphication of these bactena

Only under very special conditions 15 cortisone or ACTH
therapy mdwated in the management of severe infections
{Chapter X).

Enzyme Systems  There 1s increasing evidence that the
adrenocorneal hormones have a decided wflnence upon
enzymes and thus upen the ecllular processes regulated
by enzymes  Several reviews of the relationshups between
adrenocortical hormones and different enzymes have
been published (67), and it 15 important to appreciate
that such stuches indicate o divection sn which further ad-
vances in our knowledge of surgieal physiology are Iskely
to be

Hematoporetic System Thom and Ins associates {68)
demaonstrated m 1948 that an mncrease in adrenocortical
hormones, produced by the admimstration of ACTH,
resnlty w2 significant fall in the tatal eosmophsl count
There 15 also a fall i the Iymphocyte count and frequently
a e the number of polymorphonuciear ) g
other than cosmophuls,

ucocyies
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lergic manifestations results in prompt improvement.
Such therapy may allow a permanent remission in acute
allergic reactions, but the more chronic allergic conditions,
such as bronchial asthma, are not cured and tend to
relapse.

Bacterial Infections. In 1950 Kass, Ingbar, and Fin-
land (63) reported their studies of the effect of ACTH
and cortisone therapy in pneumonia. They found that
the fever and toxic symptoms were abolished even in
patients in whom the blood culture remained positive for
pneumococci. Thus, there was no evidence of a bacten-
ocidal effect, and the date of the appearance and magm-
tude of the rise in anti-pneumococcal antibodies and cold
agglutinns were unaffected by the ACTH and cortisone.
Moreover, the rate of resolution of consolidated lobes was
not accelerated.

Studies such as these inaugurated a new era in the
study of the relationships between bacteria and host, n
that an agent had been found which prevented the bac-
teria from injuring the cells of the host but which allowed
the bacteria to continue to multiply In the same ycar
Mogabgab and Thomas (64) reported their studies con-
cerning the effect of cortisone on experimental infection
with Group A streptococcr m rabbits  These workers
injected Group A streptococci mto the skin of rabbits,
some of which were treated with cortisone in doses of
50 milligrams per day and others kept as controls without
cortisone therapy In the treated group a fatal septicemia
developed m all anmals, whereas m the controls, who
reccved the same dose of bacteria but no cortisone,
there were no deaths

Since these early studies, so-called “spontaneous” in-
fections have been reported from time to time in patients
recawving cortisone therapy  Antopol and his associates
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terior pituitary, the postenor pituitary, and the pancreas
on the other, have been alluded to. Important reciprocal
influences exist between adrenocortical activity and thy-
roid activity, and these influences exert an effect npon the
wtermediaty metabolism of protem, fats, and carbohy-
drates
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The effect of adrenocortical hormones upon the eosino-
phils has been studied by Godlowski (69) and by Padawer
and Gordan (70) These workers agree that the eosino-
penia results from eosmolysis. Godlowsk: points out that
lysis of the other polymorphonuclear cells is actually
masked by their mobilization imitiated by the cortical
steroids through some unknown mechanism. The lympho-
cytes are considered to be less sensitive to the Iytic action
of the hormones than are the eosinophils.

The uses of ACTH and cortisone 1 such conditions as
aplastic anemia, agranulocytosis, thrombocytopenic pur-
pura, and hemolytic anemia are discussed m Chapter X.

Work Performance. Ingle and his collaborators (71)
have conducted extensive studies of muscle work per-
formance by adrenalectorized ammals, and such mvesti-
gations have clinical value in view of the increasing num-
ber of patients 1 whom total adrenalectomy 1s being done
for various disease states. They found that the contmuous
inttavenous mmfusion of glucose improved work perform-
ance but that this improvement was correlated more
closely with total flud load than with the dose of glucose
Cortisone admmustered exther subcutaneously or by con-
tinuous mtravenous mfusion improved work performanee
but was less effective than hydrocortisone administered
by the same route However, neither compound E nor
cx’)mpound F was as cffective as adrenocortical extract
admimistered by continuous travenous infusion  Such
findings suggest that full adrenocortical activity 1s not
accounted for by the actions of either cortisone or com-
pound F and draw attention agam to other factors such
as those m the “amorphons fiaction” which has a powerful
effect on water and salt metabolism

Effects on other Endocrine Organs  Relationships be-
tween the adrenal cortex on the one hand, and the an-
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time of the blood. As discussed mn the preceding chapter,
the evidence indicates that epinephrine and neural im-
pulses simultaneously stimulate the anterior pituitary to
release ACTII and, possibly, thyroid stimulating hormone
(TSH) into the blood stream. The ACTH activates
the adrenal cortex to secrete increased amounts of the
adrenocortical hormones, and these hormones affect the
metabolism of carbohy drates, proteins, and fats, the body
fluds, antibodies, and all the other physiologic processes
previously outlined.

A presentation of the results of a series of experiments
designed to examine the adrenocortical reaction to a
single operation in the human being follows.

Methods

The patients studied were general surgical patients on
the wards of the Hosputal of the Unwversity of Pennsyl-
vanta  When an individual was selected for the project
he was placed in a special cubicle or, later 1n the study,
n the metabolie ward.  Durning the preoperative control
period, which generally lasted from three to seven days,
the patient was placed on a standard metabolic diet of
natural foodstuffs of approximately 150 grams of protemn
and 2100 calories The length of the control period was
limited by clmical considerations. Though a larger dietary
intahe would perhaps have been desirable, the program
had the ment of permitting a constant protein and caloric
mtake to be admnistered—orally before operation, mtra-
venously during the first three postoperative days, and
then orally in the Iater postoperative period. Moreover,
the adminsstration of the same intake to each patient, al-
though varying fairly widely between mndividuals when
expressed as calories and grams of mtrogen per kilogram



Chapter It

THY, EFFECT OT A SINGLE OPERATION
AND OTITER FORMS OF STRESS UPON
ADRENOCORTICAL ACTIVITY:
CORRELATION WITII CERTAIN OTHER
ASPECTS OF METABOLISM

IN 1932, CurnserTson (72) made the unexpected ob-
servation that the mere fracture of a long bone was ac-
companted by an increase in the urmary exerction of
nitrogen and caleium which persisted for many weeks
In the years that followed it was shown by others that a
severe fracture may be followed by physiologic changes
which suggest those of hyperadrenocorticism.

Following major surgery there 1s observed a charac-
teristic pattern of metabolic response which is basically
sumilar whether the operation be an orthopedic, gynecolog-
1c, neurosurgical or other procedure. When the pa-
tient is subjected to operation, epinephrine is promptly
released through stimulation of the adrenal medulla, and
this hormone produces the followmg well-known sym-
pathomimetic effects A nise in general blood pressure
and an increase in the force and output of the heart,
hyperglycemua, resulting from the mobulization of carbo-
hydrate from the labile stores in the liver and ensuning an
adequate supply of fuel, an increased oxygen carrying
capacity of the blood due to the discharge of red cells
from the spleen, bronchiolar dilatation and an increased
rate and depth of respiration, and a shortened coagulation

28
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Duringe the contiol period twenly-lour hone collections
of urine (and of feees in the nittogon halanee studies)
weremade, Total cosnaphil counts (68) and the winary
exeretion of conticoids (Hipidasoluble veducing substances)
(73), total neatral 17-hetosterotds (74), nitiogen, and
prefomed creatinine weve mewsmed. T our Tabowtory
the novnal range for the winary eveetion of corticolds
i Tom 510 8 milligems per 21 Tows, The noral ov-
eretion of 17-hetosteroids bas nanged from 6 to 15 mill
guuns per 21 hows fn fomales (average abowt 9 willi- |
grams ) and from 7 to 20 wiltigrams per 24 Toms in wmales
(average about 14 milligouns ), T nomal subjects the
dally vidations in the exeretion of coticoids and 17
hetosterods Tave heen velatively sl fn any given pees
son. In patients who Tave eeently been operated upon
or ure otherwise Il thero may Do o consldesable day to
day vandation in the exeretion of both moletles, thowgh an
explanation for these variations is not always appaent,

The volume and the electiolytic composition of urine
and of sweat were esamined fn o mmibier of patients, and
these 1esults were eorrelated with alteations in adieno-
cortical activity, as was the volume of gastiointestinal se-
ctetion which conld e wpleated with constant suetion
thiongh a Millo-Abbott tube before and following op-
ciation,

Results
Total Eoslnophll Counts

Total Eosinophil County Pollowing a Mujor Operation,
In Figme 2 e shown o series of total cosinophil county
before and following choleeystectomy,  The  ACTI.
eostnophil test of the aienoeartienl reserve was pore
formed several duys preceding the operation, T nay be
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of body weight, was not so disproportionate when ex-
pressed on the basis of kilograms of “lean body rass”
The intravenous alimentation in all experiments reported
in these studies was accomplished with protein hydroly-
sate, 7.5 per cent alcohol, and glucose solutions. While

THE ADRENAL CORTEX

Zona Glomerulosa
saft metab

Zona Fascicutate
sugar,fof,ond
protein metab

Zona Reticularis
masculinizing
Figure 1 The Adrenal Cortex There 1s cvidence which
mdicates that the three zones of the adrenal cortex mav
have separate functions The zona glomerulosa appears to
be primanly concerned with salt and water metabohsm
The zona fasciculata probably secretes hormones which
have to do with the metabolism of glucose, fat, and protemn
The zona reticulans 1s thought to secrete most of the
adrenal androgens which produce the masculimzation of
the adrenogenital syndrome In essence, the adrenal cortex
may represent three organs i one

the nitrogen balance studies were of particular nterest
m certamn patients who will be discussed, an equally mm-
portant nutritional objective was to maimtain a constant
dietary intake in view of the possible effect which varia-
tions m the dictary intake might have upon the level of
adrenocortical activity.



EFFECT OF STRESS UPOMN ADRENOCORTICAL ACTIVITY 3

During the control period twenty-four hour collections
of urine (and of feces in the nitrogen balance studies)
were made.  Total cosmophil counts (68) and the urinary
excretion of corticoids (Iipid-soluble reducing substances)
(73), total neutral 17-ketosteroids (74), nitrogen, and
preformed creatinine were measured. In our laboratory
the normal range for the urnary excretion of corticoids
15 from 5 to 8 milhgrams per 24 hours. The normal ex-
cretion of 17-ketosteroids has ranged from 6 to 15 mulli-
grams per 24 hours in females (average about 9 milli-
grams) and from 7 to 20 milligrams per 24 hours in males
(average about 14 milligrams). In normal subjects the
daly variatrons in the excretion of corticoids and 17-
ketosteroids have been relatively small in any given per-
son In patients who have recently been operated upon
or are otherwise 1ll, there may be a considerable day to
day vanation in the excretion of both moieties, though an
explanation for these variations 1s not always apparent

The volume and the electrolytic composition of urne
and of sweat were examined m a number of patients, and
these results were correlated with alterations in adreno-
cortical activity, as was the volume of gastromtestinal se-
cretion which could be aspirated with constant suction
through a Miller-Abbott tube before and following op-
eration,

Results
Total Eosinophil Counts

Total Eosinophil Counts Following a Major Operation,
In Figure 2 are shown a senes of total eosinophil counts
before and following cholecystectomy. The ACTH.
cosmophil test of the adrenocortical reserve was per-
formed several days preceding the operation It may be
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Figure 2 M G Chol Total E hil Counts In the

preoperative perrod the administration of 25 milhgrams of ACTH mtra-
muscularly produced a fall to a level which was less than 50 per cent
of the premjection cosmophil count However, the stimulus of the
surgery was greater than that produced by the intramuscular mjection
of 25 milhgrams of ACTH, and four hours following operation the
total eosinophil count had fallen to zero By the third postoperative
day the count had nsen to levels exceedmg those present preopera-
T o S e T Y L W e
The
wctory
1e re-

of the patient to operation. (Hardy, ). L, and Ravdin, T §

sponse 10
Ann Surg, 136 347, 1932, J. B Lippincott Company).
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seen that four hours following the injection of 25 milh-
grams of ACTH the total eosinophil count had fallen to
less than 50 per cent of the preinjection level. Thus it was
to be expected that this patient’s adrenocortical reserve
would be adequate to sustain the operation Following
surgery there was an imtial fall in the eosinophil count to
zero, but at the end of twenty-four hours a few eosinophils
were beginning to appear and on the tenth postoperative
day a count of 1400 cells per cubic millimeter was found.
This very hugh level was indicative of the rebound in the
total eosinophul count which is commonly observed dur-
ing the intermediate postoperative pertod when by meas-
urements of steroid excretion the previously elevated
adrenocortical activity can be shown to be diminishing.
At the end of from two to three weeks following an opera-
tion of this type the total eosmophil count may be ex-
pected to return approximately to preoperative control
values.

This general type of eosinophil reaction, then, 15 char-
actenistic of the response of the eosmophil count to op-
eration n previously healthy subjects

Effect of Emotion and of Fever on the Total Eosinophil
Count We have not mfrequently observed a fall in the
total eosmophil count on the mornmg preceding a sched-
uled major operation when the patent had not yet re-
ceived preanesthetic medication, and the effectiveness of
emotional stress as a shmulus of mcreased adrenocortical
activity has been documented by others In Figure 3
are shown the effect on the eosmophil count of a physio-
logic episode whose cause was not fully determined, of
operation, and of a febnle reactton  On the morning of
the scheduled operation patient B, H. showed a low total
eosmophil count, and dissolution of the remamimng cells
appeared immunent. This unusual and mteresting finding
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Figure 2 M G Choll Total E lul Counts In the

preoperative period the admintstration of 25 milligrams of ACTH mtra-
muscularly produced a fall to a level which was less than 50 per cent
of the premnjection eosmophil count However, the stmulus of the
surgery was greater than that produced by the mtramuscular mjection
of 25 milhgrams of ACTH, and four hours followmng operation the
total eosmophil count had fallen to zero By the third postoperatne
day the count had nsen to levels exceeding those present preopera-
tively, and thereafter a marked rebound was observed. the count rsing
to 1400 cells per cubic mill on the tenth 1 day The
preoperative ACTH test indicated that the pattent had a satisfactory
adrenacortical reserve, and thts was further substantiated by the re-
sponse of the patient to operation. (Hardy, ] D, and Ravdin, I S
Ann Surg, 136 347, 1952, ] B. Lippincott Company)
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was telephoned to the ward staff, who noted that the pa-
tient’s blood pressure had fallen to 80/60, and the op-
eration was cancefled  Three days Jater the patient with-
stood operabion withont event and four hours followmng
the procednre the total eosmophl count had fallen alinost
to zero. Two days after the operabion the total eosinophil
connt had begun to approach preoperative levels, but
on the following day the temperature spiked to 1036°
rectally and the total eosmophil count agan fell to zero.

It 15 important to appreciate that almost any type of
strain fo which the individual 15 subjected may result
an activation of the pstustary-adrenal system to produce
the alarm tesponse  Among other stimuli are heat, cold,
harsh sounds, a sait load, an acid foad, and the “dumping
syndrome” followmg subtotal gastric vesection

Total Eosinophil Counts Following Adrenalectomy
{9555}, When a patient 1s subjected to blateral adrenalec-
tomy, the fall in the total casinophil count which charac-
teristically follows other operations 35 not observed
Instead of falling, the total eostnophil count may actually
nse following the temoval of the second adrenal gland.
In Figure 4 the total eosinophil counts m a patient who
had a cholecy are d with those i
patients who had almost all of ther adrenal tissue ve-
moved Follawmng cholecystectomy (patient M G ) the
count fell to zero 1In patient Schi, who had a subtotal
adrenalectomy, the totat eosmophil count did fall ta less
than 50 per cent of the preoperative lovel, but this pa-
tient required no replacement therapy m the postoperative
penod and therefore presumably had considerable resid-
ual functioning adrenal tissue On the other hand, pa-
bents Lee and © H exdubsted no fal) whatever m the
total cosmophl count followmg bilateral and almost 1otal
advenalectomy, wn fact, these patients evhibited a con-
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BH EFFECT OF FEVER
AND OF GPERATION ON
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Figure 3 B H  Effect of Feter and of Operation on the Total
Eosmoplul Count On the first day of the study a count taken im-

1 before the 1 o showed anly a few clb,
and the cells which were present appeared to be dismntegrating Con-
currently 1t was noted that the patient’s blood piessure had fallen
to 80/60 and the operation was cancelled On the fourth day the
operation was performed, the count was app Iy
157 cells per cubie millimeter and the count four hours following
operation was almost zero By the sixth day the count had risen
to approximatelv 120 cells per cubic millimeter On the followmng
day the temperature spihed to 1036° F (rectally), and this resulted
1 a prompt fall m the total eosmophi) count to zero This chart
represents the adrenacortical response to three types of stress, the
mmtial one bemg unknown, the second bemng that of operation,

and the third being that of the febnle episode
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was telephoned to the ward staff, who noted that the pa-
tient’s blood pressure had fallen to 80/60, and the op-
eration was cancelled. Three days later the patient with-
stood operation without event and four hours following
the procedure the total eosinophil count had fallen almost
tozero. Two days after the operation the total eosmophil
count had begun to approach preoperative levels, but
on the following day the temperature spihed fo 1036
rectally and the total eosinophil count agam fell to zero.

It is important to appreciate that almost any type of
strain to which the mdividual is subjected may result
an activation of the pitmtary-adrenal system to produce
the alarm response. Among other stimuli are heat, cold,
harsh sounds, a salt load, an acid load, and the “dumping
syndrome” following subtotal gastric resection

Total Eosinophil Counts Following Adrenal y
(95%) When a patient 1s subjected to bilateral adrenalec-
tomy, the fall in the total eosmophil count which charac-
teustically follows other operations 1s not observed
Instead of falling, the total eosinophil count may actually
nse following the removal of the second adrenal gland
In Figure 4 the total cosinophil counts in a patient who
had a cholecystectomy are compared with those in
pattents who had almost all of their adrenal tissue re-
moved. Following cholecysteetomy (patient M. G.) the
count fell to zero In patient Sch, who had a subtotal
adrena]ectomy, the total eosmophil count did fall to less
than 50 per cent of the preoperative level, but this pa-
tient required no replacement therapy m the postoperative
penod and therefore presumably had considerable resid-
ual functioning adrenal tissue  On the other hand, pa-
tients Lec and C H exubited no fall whatever m the
total phil count following bilateral and almost total
adrenu]ectomy, m fact, these patients exhubited a con-
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EFFECT OF OPERATION
ON TOTAL EOSINOPHIL COUNTS:
COMPARISON OF CHOLECYSTECTOMY (61B)
WITH ALMOST COMPLETE ADRENALECTOMY
(CH,Lec, Sch.)
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Figure 4. Effect of Operation on Total Eositnoplul Counts Com-
parisen of Cholecystectomy with Almost Complete Adrenalectomy
The count of the pattent who had a cholecystectomy (represented
by the solid ine) showed a prompt fall to zero after operation, fol-
lowed two days later by a marked 1ebound to levels which far ex-
ceeded those present preoperatively The patient who had an
almost complete adrenalectomy but who required no replacement
therapy (Sch ) showed a postoperative fall m the total eosmoplul
count to a level which was less than 50 per cent of that obtanmg
preoperatively This mndicated that a fair amount of functional ad-
renocortical tissue remamed and, as noted, tiis man required no
replacement therapy  On the other hand, the patients Lec nnd
C H required therapy foll g subtotal ad; and 1

both of these patients the total eosmophl count exhibited no h]]
following operation  On the contrary, the count began nsing im-
medately followng operation  (Dr Harold A Zintel performed

the adrenalectormes }

2 -1

[/




EFFECT OF STRESS UPON ADRENOCORTICAL ACTIVITY 37

EFFECT OF ACTH (25me) ON TOTAL EQSINOPHIL COUNTS

CONTROL EOSINOPHIL COUNT
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Figure 5 Effect of ACTH (25 miliigrams) on Total Eosinophd
Counts after Adrenalectomy The normal subject exhibited the ex-
pected fall m the hal count foll lar ACTH,
The adrenalectomized patients exhbited no fall in the count follow-

g ACTH and generally showed a shght nse

tinung rise m the total eosmophil count. Both required
replacentent therapy promptly i the postoperative pertod.

The Effect of ACTH (25 mlligrams) on the Total
Eosinoplul Counts after 95, Adrenalectomy and 1n a Nor-
mal Subject  Following almost total or total adrenalec-
tomy, the mtramuscular mjection of ACTH produced no
£all n the total eosimoph) count and, mdeed, in four of
five adrenalectomized patients shown in Figure 5 the
administration of ACTH actually was followed by a
shght rise. The same amount of AGTH wtramuscularly
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produced in the normal subject (A. K.) the usual greater
than 50 per cent fall in the total cosmoplnl count. Though
certain of the adrenalectomy patients had required re-
placement therapy in the immediate postoperative period
several weeks carlier, none of the five patients was on
replacement therapy at the time the test was performed.
This finding of a slight increase m the total eosmophil
count following the adminustration of ACTH in adrenalec-
tomized patients is of interest in light of the recently re-
ported finding of Thorn and his associates (30} that
ACTH given intravenously m patients with Addison’s
disease and following total adrenalectomy produced an
average slight rise in the total eosinophil count,

The data emphasize the quantitative limitations of the
ACTH-eosinophil test as a measure of the adrenocortical
reserve. These patients obviously had sufficient residual
adienocortical tissue to mamtan homeostasis m the ab-
sence of unusual demands, though certain of them re-
quired replacement therapy when they developed the
shghtest upper resprratory infection. Yet, the ACTH-
cosmophil test was not sufficently sensitive to demonstrate
the residnal functioning adrenocortical tissue, or perhaps
the adrenal remnant was already responding maximally
to the ACTH from the patient’s own pitwitary gland and
thus was unable to respond further to the mjected ACTH

Correlation of Total Eosinophil Counts with Urinary
Corticoid Excretion. The values for the total cosinophil
count and the unnary exeretion of corticords before and
after operation m four patients are presented 1n Figure 6
In each patient there 1s 2 consistent mverse relationship
hetween the two curves, both of which tend to return to
the preoperative levels at approximately the same time
Patient Cun. exhubited a prolonged increase in the ex-
cretion of corticods, and the total cosmophil count
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CORRELATION OF CHANGES IN URINARY
CORTICOID EXCRETION WITH TOTAL
EOSINOPHIL COUNTS FOLLOWING SURGERY
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Figure 6. Correlation of Changes i Urinary Corticord Excretion
swith Total Eosinophil Counts Following Surgery In each patient
there was a recsprocal relationship between the total eosinophil
count and the unmary excretion of corticoids The merease mn the
excretion of ds foll P ind an ncrease
in adrenocortical activity, was accompamed by a fall i the total
eosinophil count to levels either at or approaching zero In three
of the four patients the excretion of corticords and the total eosm-
ophil count tended to return to the preoperative base lme at ap-
prouimately the same number of days following the operation  The
fourth patient (Cun ) had a stormy postoperative course followmg
a colon resection, and at the time the study was termmnated the
urinary excretion of corticoids was still elevated and the total
eosmophil count was still depressed (Hardy, ] 12, Richardson,
E M, and Dohan, F C Surg, Gynec & Obst, 96 448, 1953, by
P of Surgery, Gynecology and Obstetrics )
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produced in the normal subject (A K.} the usual greater
than 50 per cent fall in the total eosinophil count. Though
certain of the adrenalectomy patients had required re-
placement therapy m the immediate postoperative period
several weeks earher, none of the five patients was on
replacement therapy at the time the test was performed.
This finding of a shght ncrease in the total eosinophil
count following the administration of ACTI! in adrenalec-
tomized patients 1s of interest in light of the recently re-
ported finding of Thorn and his associates (30) that
ACTIL given mtravenously m patients with Addison’s
disease and following total adrenalectomy produced an
average slight risc in the total eosinophil count.

The data emphasize the quantitative Iimitations of the
ACTII-eosinophil test as a measure of the adrenocortical
reserve  These patents obviously had sufficient residual
adrenncortical tissue to mamtain homeostasis 1n the ab-
sence of unusual demands, though certain of them re-
quired replacement therapy when they developed the
shghtest upper respiratory nfection. Yet, the ACTII-
eosinopll test was not sufficiently sensitive to demonstrate
the residual functiomng adrenocortical tissue, or perhaps
the adrenal remnant was already responding maximally
to the ACTH from the patient’s own pituitary gland and
thus was unable to respond further to the mjected ACTH

Correlation of Total Eosinophil Counts with Urinary
Corticoid Excretion The values for the total eosinophs]
count and the urmary excretion of corticoids before and
after operation 1n four patients are presented i Figure 6
In each patient there is a consistent inverse relationship
between the two curves, both of which tend to return to
the preoperative levels at approuimately the same time
Patient Cun. exhibited a prolonged increase in the cx-
cretion of corticords, and the total eosmoplil count
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URINARY ~ CORTICOIDS  AND  17-EETOSTEROIDS
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Figure 7 Unnary Corticouds and 17-Ketostervids A Comparison
In all four pabents there was an mcrease m the urinary excretion
of the major In only two of the
patients was the excretion of 17-ketostermds increased following
the operatton The measurement of unmary corticord exeretion
considered to be a more rehable mdex of the alteration m adreno-
corticat activity duately after than 1s the

ment of 17-hetosterods (Hardy, J D, Richardson, E. M, and
Dohan, F C, Surg, Gynec & Obst, 96 448, 1933, by permussion

of Surgery, Gynecology, and Obstetrics )i

cretion of 17-ketosteroids. Therefore, the measurement
of urmary corticords appears to afford more relrable mfor-
mation concerning the mcrease m adrenocortical activity
following operation than does the measurement of urmary
17-ketosteriods. The measurement of blood corticoid
levels {page 50} may supply important complementary
mformation The fact that the urinary excretion of 17-
hetosteroids in normal subj ly i d
by the imjection of ACTH but not b) operation may reflect
the influence of the liver upon the metabolism of steroids.
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remained depressed for a correspondingly prolonged in-
terval, This mverse corrclation between the urinary ex-
cretion of corticoids and the total eosimophil count in the
immediate postoperative period has been found to be a
consistent one in patients undergoing major operations.
Nevertheless, this closc relationship observed in the early
postoperative period is less apparent in the late postop-
erative penod in many patients. For example, we have
found in other patients followed for many weeks after
operation that the interventton of a wound infection
which produces a secondary risc in the urinary excretion
of corticords may be accompanied by little or no decrease
in the total eosmophil count. Thus, in some patients the
total cosmnophul count appears to escape partially from the
influence of the adrenocortical hormones late in the con-
valescent period. We have found no consistent correla-
tion between the total cosinophil count and the urinary
excretion of 17-ketosteroids

Corticoids vs 17-ketosteroids Following a Single Operation

In Figure 7 is shown the excretion of corticosds and
of 17-ketosteroids before and after operation in four pa-
tients  All exhibated a sharp increase in the urinary ex-
cretion of corticoids followmng operation. From left to
nght, the first two patients had subtotal gastric resection,
the thurd a common duct esploration, and the fourth a
segmental colon resection  Two of the four patients ex-
hibited an merease and two a decrease in the unnary ex-
cretion of 17-ketosteroids following operation

The findings m these four patients are in accord with
owr findings m many other patients sumilarly studied
Operative trauma is almost always followed by an -
crease in the urmary excretion of corticoids, but it 1s not
consistently followed by an increase m the urmary ex-
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Correlation of Adrenocortical Activity with Certain
Other Aspects of Metabolism Following
a Single Operation

It is helpful, in visualizing the integration of these
various facets of the physiologic response to operation, to
view a composite of the parts The following three case
studies are presented for this purpose.

Patient P. D.. Gastric Resection

Clinical Data. Three weeks prior to the begiuning of
the study whose results are presented in Figure 8, this
fifty-three-year-old man had been admitted with a per-
forated duodenal ulcer which had been closed surgically.
His 1 had been ful and he had
elected to remain 1n the hospital and have a gastric re-
section performed as management for his duodenal ulcer
which had proved refractory to medical management
During the preoperative control period he received 2100
calories and 150 grams of protein each day and was in
posttive mtrogen balance.

Laboratory Data The urinary excretion of corticoids
and 17-ketosteroids was within normal lmits, and the
urmary excretion of pref d creatinine was at 2 Jevel
which was consistent with the muscle mass The pre-
operative total eosinophil counts were not remarkable.

Following operation there was an increase in the
urinary excretion of corticoids, 17-ketosteroids, and of
preformed creatinine, assocated with a fall in the total
eosinophil count to zero and the appearance of a nega-
tive nitrogen balance. By the end of the fifth postopera-
tne day the values had in general retumed to the pre-
operative control levels, and thereafter most of these
values tended to continve their dowm\ard or upward
courses, Tesp ly Specifically, f ing the early
postoperative period there was a !endency for the uri-
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PD_ GASTRIC RESECTION
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Figure 8 P D Gastric Rescction, Effect of Operaton on Nitrogen
Balance, Total Eosmophil Counts and Urinary Excretion of Creat-
wmzne, Corticords, and 17-ketosteroids, The fall mn the total eosmo-
phil count following operation was associated with an increase 10
the urmary excretion of mtrogen (note negative mtrogen balance),
creatinine, corticords, and 17-ketosteraids  Approximately five dass
after operation the levels of excretion of these vanous moieties had
returned to the preoperative base hne and—in the case of the cor-
ticonds, creatiine and total eosmophil counts—had fallen below the
base Ime The metabolic changes which follow the usual gastrc
rescction are not as extensive as are those which follow an extensne
burn or a thoracoplasty In other words, 10 the graded scale of
trauma, a gastric resection represents only a moderate mjurv to
the patient  (Hardy, J D, .\nnggv)dm, 1S Ann Surg, 136 333,
1952
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18 suggestive evid that postoperative alteratioos in
the excretion of creatine and creatimne may reflect alter-
ations sn thyreid actwity (76, 77, T8}

Patient W, £ : Gastric Reseclion

Chnical Data. This sixty-three-year-old man was ad-
mitted with a chrome dusdenal pleer which had been
refractory to medieal therapy. The preoperative state of
nutriton was considered to be adequate, his weight be-
ing 151 3/¢ pounds {69 kilograms) and hus height 68
inches {173 centimeters),

Laboratoryy Data  The results of this study are pre-
sented m Figure 9 Freceding the operation he swas in
shightly positve mtrogen balance, and the wurinary et
cretion of corticoids and 17-ketostereids was within nor-
mal limuts The wnnary exeretion of creatinmne was tom-
patsble with the magnitude of the muscle mass  Follow-
wg operation there occurred the usual mcrease in the
exereton of corticmds, mtrogen, and creatinine The

total hal count d d, as did the ever of
17-ketosteroids, By the end of the sixth postoperative
day the § of corticords, and

<reatinine had returned to normal levels and was be-
gaaning to exhubit the usual muld subnormal phase The
mtrogen balance had agam become positive, and the
total eosinophil count was ting normal values
Commend It s te be noted that this patient 1o ex-
habuted a return of most of the measured physwologie ac-
tivittes to control levels within about six days following

gastne While 1t 13 y to think of this
operatian as representing majer fr?am‘t @ “l" be seen m
Chapter IV that folk an

thermal burn adrenocortieal activity may not retum to

normai Ie\els for weeks following the mjury
e ph 1! to gustric r tion in patient

P D was somewhat lcss robust than that exhibited by
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nary excretion of corticoids and 17-ketosteroids to decline
shghtly from the preoperative control levels The uri-
nary excretion of creatinmne increased briefly following
operation but in the postoperative period there was a
sharp fall m the level of this excretion. After the fall to
zero immediately following operation, the total eosinophil
count gradually approached and eventually exceeded the
preoperative levels Following the slight negative nitro-
gen balance there was a sharp increase in the retention
of nitrogen over and above that observed before opera-
tion,

Comment The findings m this patient are typical of
those commonly observed following operations of this
magmtude, with but two exceptions. First, an increase
i the unnary excretton of 17-ketosteroids has not oc-
curred consistently in the paticnts that we have studied
and, second, following operation this patient exhibited
only 2 mild negative mitrogen balance, much less than 15
commonly observed This was probably due to the fact
that he had undergone an operation about three weeks
earlier, at which time most of the reacily mobihzable
mitrogen may have been excreted Tt is well known that
the starved patient or animal does not exhibit the usual
generous increase in the urinary excretion of mitrogen
followmng trauma

We have found that major operations frequently result
m an wmcerease 1n the urmary excretion of creatimine, a
portion of which is due to an mcreasc in creatinc ex-
cretion  These findings would appear to reflect defimte
alterations 1n the metabolism of these substances n the
muscle mass and, mdeed, 1t would be surpnsmg if the
largest metabolically active mass of the body, the muscu-
lature, did not enter into the stress reaction  Other ex-
amples of the participation of the muscle mass in the
stress reaction are to bz, found 1n studies of eleetrolyte

and carbohydrat tabol foll g trauma. There
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of the operation  This was of particular interest in view
of the fact that he exhibited a marked increase m mtrogen
excretion, for Whte and Dougherty (76) have obtained
evidence indicating that the thyroid 1s particularly ef-
fective in mobilizing muscle nitrogen Patient P. D
showed only a very small negative nitrogen balance
{because he had had a previous operation two weehs
earlier?), and his thyroid activity appeared to have been
depressed by the operative procedure, as indicated by
the thyroid uptake of radiorodme. We have previously
pubhished studies which suggested that thyrod activity
is increased following operation (77), and recent studies
by Goldenberg and Hayes (78) have added further sup-
port to this possibility.

Patient D. C  Segmental Colon Resection

Chnical Data Tlus fifty-one-year-old man was ad-
mtted with a caranoma of the sigmoid colon The pre-
operative state of nutrition was considered to be satis-
factory (weight 176 pounds, 80 hilograms, height of 72
mches, 183 centimeters) A segmental colon resection
was performed uneventfully, but he ran a moderately
febrile course for some days followmng the operation.
Moreover, the emotional reaction to the stress of opera-
tion was an intense one Dunng the first ten days fol-
lowing operation he lost 10 pounds (4 5 kilograms).

Laboratory Data' The results are presented in Figure
10 Surpnsingly, the total eosinophil count did not fn]l
to zero foll the opera It fell to appr
60 per cent of the preoperative level and then conhnued
to be depressed throughout the duration of the study,
though at the end of the twelfth postoperative day the
level had returned almost to the control values The
urinary excretion of corticords continued to be elevated
for eleven days foll the op I il This
prolonged elevation of corticoid excretion was to be ex-
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Figure 9 W C  Gastric Rescetion, Effect of Operation on Nutro-
gen Balance, Total Eosinoplul Counts and Urinary Excretion of
Creati C ds, and 17-k d: llowing the opera-
tion on the fourth day of the study there were five days of negatne
mtrogen balance, during which period the urinary excretion of
corticoids was increased There was a gradual postoperative de-
cline 1n the urinary excretion of 17-ketosteroids, a common findng
following major operative procedures (see text) (Hardy, J] D,
Richardson, E M, and Dohan, F C  Surg, Gynec and Obst,
96 448, 1953, by permission of Surgery, Gynecology, and Ob-
stetrics )

patient W. C  Likewsse, the emotional changes which
the former experienced were less exaggerated than those
of the latter

Measurements of the thyroid uptake of radioiodine
patient W C before and six days following operation m-
drcated that thyrord activity was mcreased by the trauma
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pected in view of the continued febnle course, and one
might have anticipated that the total eosinophil count
would remain at a Jow level for a longer interval. That
1t did not remam sharply depressed reflects, agamn, the
fact that the eosinophil count may largely escape from
the influence of the adrenal cortex in the later post-
operative period 1n many indn iduals,

The preoperative control period on the standard dict
was too short to permut a valid interpretation of the lean
tissue metabolism, but it may be seen that operation
caused & vigorous increase in the exerction of nitrogen.
The unnary excretion of creatmnine also mcreased fol

lowing the of P Jure and dually fell to
——
Figure 10 D. C- S ! Colon Total E hil
Counts, M Oral Darly Temy and Unnary Excretion
of Nitrogen, Creat , Corticords, and 17-k Is The onignal

operation whuch this patient had was not a particularly extensive
one, but he developed an undiagnosed febrile complication m the
Ppostoperative period which resulted m a prolonged mncrease in the
stress response The urinary exeretion of corticods did not return
to preoperative levels until the fourteenth day of the study (the
eleventh day following that n which the operation was performed).
There was the wsual gradual dimmution 1 the excretion of 17-
A ds The prolonged def of the total eosinophil count
and the prolonged increase m corticord everetion reflected his slow
secovery  In a general way, the vanations m the unmary everction
of creatinme exhibited a direct correlation with the excretion of
mtrogen, Moreover, the excretion of creatimne bore a direct rela-
tonship to the febnle episodes, beng especially apparent 1 the
marked fall m the of ine as the re-
turned to normal on the twelfth day  Qur studies would appear
to indicate that a simple segmental colon resection 1s a trauma of
:A‘nproxim:nc]y the same magmtude as that of a gastnc resection  An

d perineal resection a more severe trauma than
esther of the previous operations (Hardy, J D, Richardson, E M,
and Dohan, F € Surg, Gynee and Obst,, 96 448, 1933 by per-

mssion of Surgery, Gynecology, and Obstetries )
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after restoration of the blood pressure in ohgemic shock
by transfusion, and during the early com alescent period
following a period of surgical stress was detenmned. The
following conclusions were drawn: “(1) Operative trauma
produces a marked mcrease in the output of 17-hydroxy-
corticords n the adrenal venous blood of the dog over that
seen in the convalescent animal. The secretion of ACTH
from the pituitary in the convalescent animal js apparent-
Iy mtermittent and of a low order. (2) The adrenal
cortex is capable of maintaining high levels of corticoid
secretion in severe shock n spite of markedly reduced
adrenal blood flow. When the mean blood pressure 15
reduced below 35 mm./Hg the adrenal blood flow may
become so low that the minute corticoid output is re-
duced. The adrenal is still capable of responding to trans-
fusion with an mmmediate increase in corticoid output,
however (3) In some instances of hemorrhagic shock
there 15 a marked increase 1 corticoid output above that
seen with operative trauma alone  This occurs just after
the bleeding has been stopped, while the shock is still
profound, and continues during the transfusion of the lost
blood and 1n the immeduate post-transfusion perniod  The
effect js usually gone within 15 minutes after the blood
has been replaced  This appears i part to be due to an
mereased ACTH release accompanying the shock, but
there 15 some evidence to suggest that there may also be
an mcreased adrenal response to ACTH under these eir-
cumstances This effect is not noted in the absence of
ACTH” These workers found that in the dog the I7-
hydrocorticosterords in adrenal verous blood consisted
largely of Liydro-cortisone.

Such studies of the steroid content of adrenal venous
blood hold much pronuse in solving problems related to
adrenocortseal actity in surgical trauma
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quite low hmuts as the body temperature became normal
and the gencral physiologic reaction began to subside
The fever and other prolonged stress resulted in a
charactenistic decline in the excretion of 17-ketosteroids
This patient too exhibited evidence of an jncreased thy-
roid activity following operation (radioiodine uptake)

Comment: The emotional and other phases of the
clnical response to operation n this patient paralleled
the changes depicted in Figure 10 (79) The cause of
the febnle response, wlnch exceeded that which one
would ordinanily expect from the stress of operation per
se, was not discovered

Blood Corticoid Levels

While the writer has had no personal experience with
the measurement of blood corticoid levels during various
foims of surgical trauma, a humted number of such data
have become available This work 1s of such obvious
mmportance m a review of adrenocortical function that a
brief survey of some of the findmgs reported to date will
be given

Representative of the studies of this facet of adreno-
cortical function m surgical stress are those of Hume and
Nelson and of Steenburg ( Surgical Foiuwm, W. B, Saunders
Company, Volume V, m press) and of Moncrief, Weichel-
baum, and Elman (Surgical Forum, Volume IV, page
469)

Hume and Nelson conducted a series of mgenious
acute and chrome expermments 1n dogs whose adrenal
vein had been cannulated, by means of which the entire
venous flow from the adrenal could be collected at will
Thus 1t was posstible to measure not only blood corticoid
concentration but also adrenal blood flow The secretion
of corticoids during operative trauma, n oligemic shock,
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Final Comment

In concluding this discussion of the metabolie response
to a single operation, the writer recommends that selected
reports an the Iterature be consulted (80-95).
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Moncrief and his associates measured the plasma con-
centrations of two groups of steroids of probable adreno-
cortical origin in normal subjects, in patients chronically
ill, and in patients with malignancies. The levels in the
Jast group were higher. After major operations the blood
levels of both groups of steroids rose, but fell to normal
in most cases in 24 hours. No rise occurred in patients
undergomg relatively minor surgical trauma These in-
vestigators did not conclude that the postoperative in-
creases 1n plasma levels of the two groups of steroids nec-
essarily represented absolute increases n adrenocortical
activity. The observed increases m plasma levels were
considered to be due to one or more of the following:
(a) a suppression of renal steroid excretion, (b) altera-
tions in sterord metabolism by the liver, (c) a decreased
rate of steroid uptake by the peripheral tissues, (d) an
increased rate of steroid production by the adrenal cortex.

Finally, Steenburg also has described studies of the
free 17-hydroxycorticoids 1n the peripheral blood of surg-
cal patients before and followmg operation. Aware that
the measurement of the urnary excretion of corticoids
may not always reflect accurately alterations mn adreno-
cortical actmvity (for example, the glomerular filtration
rate may alter corticord excretion and conjugation by the
liver may change the form of the steroids), he found that
during an operative procedure a rise in corticoid levels
occurs which 1s considerably more rapid than that seen
during maximal ACTH stimulation in the normal subject
In some instances the mcreased blood corticoid Tevels
subsided very quickly while 1n others the fall was gmdunl

The quahtative and quantitative study of Dblood cort-
cords m trauma 1s certain to provide a new chapter in
surgical endocrmology
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operation to be investigated. This operation affords an al-
most unigae opportunity for the study in man of three
equally spaced operations of approdmately equal mag-
nitade The patients were moved to private rooms and
placed on a standard dietary intake (2500 calories and
150 grams of protein daily } for a control period of not Jess
than one week preceding the operation At least three
days prior to the operation complete urine collections were
begun, and these collections were continued thraughout
the three stages of the operation and for several months
theveafter, During the control period total eosmophil
counts were performed, the patients were weighed, and
the daly urinary excretion of ereatine, creatimne, mitro-
gen, eorticoids, and total neutral 17-ketosteroids was
measured by the methods prevxous!y cited. The duly dicts
were calealated fmm d fable on the hospital
meny, plos suppl and the y of these cal-
culations was checked by random sampling  The hgmd
porhion of the diet was analyzed on ten different days and
the sohid portion on fifteen different days. The mtrogen
sntake, estimated to be 24 grams on the bass of the usual
food values, was found on chenucal analyss to average
229 grams, which was 4.6 per cent less than that calew-
fated The average percentage deviation n the total
diets analyzed was 7 8 per cent. During the first few days
following operation intravenous alimentation was em-
ployed and consisted of Argen or Travamm,® Travanun-
aloohol, and glucose solutions On the day of operation
all almentation was by the ntravenous route, but there-
after the usunt procedure was to aliow the patient to eat
all that he conld by mouth, and then to supplement this

“The Travamin sod Travamin-aleohol nuvtures used i these studies were
donated by the Bavter Laborstartes



Chapter III

THE PHYSIOLOGIC REACTION TO MUL-
TIPLE STAGED OPERATIONS IN MAN

Introduction. 1t is often necessary to do ceitain opera-
tions in stages. This necessity may arise because of the
magmitude of the trauma per se, or it may be due to the
fact that the physiologic implications of domng the en-
tire operation at one stage would be such as seriously to
endanger a vital function, such as that of respiration were
an entire standard thoracoplasty to be performed at one
stage. The length of the interval between such operative
stages has in the past been selected on a largely empiric
basis. The patient’s clinical course 15 followed daily and
presently he appears able to withstand the next opera-
tion. The cellular mechamsms which result in lus re-
gammg an appearance which mdicates to the exammer
that he is ready to withstand the next operative stage are
mn large part unknown  Yet, there must exist measurable
physiologic processes whose levels of actwity are altered
following trauma, and whose return to preoperative levels
signifies a return to health

The immediate objective of the following study was to
examine the metaholic response to multiple staged opera-
tions m man, with the ultimate objective of formulating a
more factual basts for the spacing of multiple procedures

Procedure and Methods

The three-stage thoracoplasty operation, performed for
cavitary pulmonary tuberculosis, was selected as the first

54
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operation to be investigated. This operation affords an al-
most unique opportunity for the study in wan of three
equally spaced operatons of apprommately equal mag-
nitede, The patients svere moved to private rooms and
placed on a standard dietary intake (2500 ealories and
150 grams of protem daily) for a control period of not less
than one week preceding the operation. At least three
days prior to the operation complete urme collectsons were
begun, and these collections were continued throughout
the three stages of the operation and for several months
thereafter. Dunng the control period total eosmophul
counts were performed, the patients were weighed, and
the daily unnary excretion of ereatine, creatinine, nitro-
gen, corhicoids, and total neutral 17-ketosteroids was

d by the methods pr ly exted. The datly drets
were caleufated from foodstuffs avasdable on the hospital
meny, plus suppl ts, and the y of these cal-
culations was checked by random sampling. The hgmd
portion of the diet was analyzed on ten different days and
the sohd portion on fifteen different days  The mtrogen
intake, estmated to be 24 grams on the basis of the usual
food values, was found on chemical analysis to average
229 grams, which was 46 per cent less than that cales-
lated. The average percentage deviation m the total
chets analyzed was 7 8 per cent, Durning the first fow days
following operation stravenons ahmentation was em-
ployed and consisted of Asgen or Travamin,® Travanun-
alcohol, and glucese solutions On the day of aperation
all alimentation was by the intravenous route, but there-
after the usual procedure was to allow the patient to eat
ail that he could by mouth, and then to supplement this

9The Tesvamsn and Travamio-alcohol navtores nsed m these studies were
donated by the Baster Laboratones
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intake in the evening with whatever intravenous ahmenta-
tion was required to achjeve the total intake of 2500 calo-
ries and 150 grams of protein.

Operations. All operations on the patients under study
were performed by either the author or the Associate In-
vestigator, Dr. Francis H. Cole, in order to preserve as
much uniformity as possible. A general anesthetic was
employed for all stages, but ether was usually used for the
first stage and intravenous pentothal for the second and
third stages  Every effort was made to equalize the three
stages, but the first stage of the posterolateral (Alex-
ander) procedure remained the greatest. Blood loss was
measured by weighing the discarded sponges and this
loss was replaced as it occarred  Approximately 12 pa-
tients were studied but, since the metabolic response to a
particular type of thoracoplasty was similar in different
patients, the results m only four of these subjects are
presented here. In two patients (A.D and MW ) the
standard posterolateral thoracoplasty was performed with
the three stages spaced at three-week mtervals In one pa-
tient (F. C) a multiple short meisional thoracoplasty
(Wangensteen) was performed at weekly intervals and m
one patient (R P ) the multiple short incisional procedure
was performed at three-week mtervals In patient F C.
the antenior stage was done first, but m patient R P. the
anterior stage was done last,

Results*

Patient A D Three-Stage Posterolateral Thoracoplasty

Chntcal Data This twenty-year-old man was ad-
mitted ta The West Tennessee Tuberculosis Hospital with
a diagnosis of far-advanced pulmonary tuberculosts, bi-

Certamn of these data have been prescnted dlsewhere (96, 97)
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lateral, chiefly on the left In the two months since he
had known of his diness his weight had diminished
from 153 pounds (72 kilograms) te 130 pounds (59
falograms) Nevertheless, he did wot appear to be acutely
or chromeally it and the state of nutntion appeared to
be fair, R i {ed an extensive in~
flration of the upper two-thirds of the feft lung, and a
4 centimeter canity was present just below the left
davide. There was some infiliration m the left Jower
lobe, and 2 small amount of apeal fibrosis was present i
the right lung.

On bed rest and other conservatn e measures, iclud-
ing streptomycin and PAS (para-ammo-salicylic acid}),

Intision First Stage Second Stage Third Stage
Figure 11 Three-Stage Fr 7 1T I At the fisst stage
the ) s dovided, as md d by the mosion, and the and

one-half nibs are removed At the second and third stages a pottion
of the previous scar 1s dvided as necessany for expasure, and additional
ribs are resected as mdscated

his general & D d and the pul y -
filtration cleared considerably Howeser, one year loter
the eavity 1n the left upper lobe still remaned open and
2 standard posterolateral thoracoplasty was performed
{Figure 11} At the tume of operation he was considered
to be m geod nutiition




56 SURGICAL PHYSIOLOGY OF THE ADRENAL CORTEX

intake in the evening with whatever intravenous alimenta-
tion was required to achieve the total intake of 2500 calo-
ries and 150 grams of protein.

Operations. All operations on the patients under study
were performed by either the author or the Associate In-
vestigator, Dr. Francis H. Cole, in order to preserve as
much uniformity as possible. A general anesthetic was
employed for all stages, but ether was usually used for the
first stage and mtravenous pentothal for the second and
third stages. Every effort was made to equalize the three
stages, but the first stage of the posterolateral (Alex-
ander) procedure remamed the greatest. Blood loss was
measured by weighing the discarded sponges and this
loss was replaced as 1t occurred. Approximately 12 pa-
tients were studied but, smce the metabolic response to a
particular type of thoracoplasty was similar in different
patients, the results m only four of these subjects are
presented here In two patients (A.D and MW ) the
standard posterolateral thoracoplasty was performed with
the three stages spaced at threc-week intervals, In one pa-
tient (F C.) a multiple short incisional thoracoplasty
(Wangensteen) was performed at weekly intervals and in
one patient (R P ) the multiple short incisional procedure
was performed at threc-week mtervals. In patient F C.
the anterior stage was done first, but i patient R P. the
antenor stage was done last.

Results*

Patient A D. Three-Stage Posterolateral Thoracoplasty

Clinical Data This twenty-year-old man was ad-
mitted to The West Tennessee Tuberculosis Hospital with
a diagnosis of far-advanced pulmonary tuberculosss, bi-

«Certain of these data have been presentcd chewhere (96, 97)
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did not. The most conspicious trend noted in connection
with the excretion of 17-ketosteroids was that the level
gradually diminished during the course of the three op-
erations, only to rise again almost to preoperative levels
four weeks after the third and final stage. The excretion
of corticoids remained generally above the onginal pre-
operative levels until almost one month following the
third and final stage.

In Figure 13 are shown the mtrogen intake and the

AD(7 EFFECT OF THREE-STAGE THORACOPLASTY OR NITROGEN NETABOLISM
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Figure 13 A D, Effect of Three-Stage Thoracoplasty on Nutro-
gen Metabolism  There was a mild increase i the unmnary ex-
cretion of creatinine following the first stage and, perhaps, following
the second operatne stage There was a defimte merease m the
urinary excretion of mtrogen for approuimately ten days following
the first operative procedure, but there was no marked effect of
operation upon the excretion of nitrogen after the second and third
procedures  The first operatine stage was the most extensn e of the
three
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Laboratory Data: In Figure 12 it may be scen that the
total cosmnophil count fell promptly to zcro after each of
the three stages. The excretion of corticoids increased
after each operation but the excretion of 17-ketosteroids

AD(#} EFFECT OF THREE-STAGE THORACOPLASTY ON THE EOSINOPHIL
COUNT AND URINARY EXCRETION OF CORTICODS AND I7-KETOSTERCIDS
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Figure 12 A D Effect of Three-Stage Thoracoplasty on the
Eosinophd Count and Urninary Excretion of Corticords and 17-
Retosterords The urmary excretion of corticoids was substantially
mcreased after each of the three operative stages, and this -
crease persisted m some degree for approumately three weeks
The total eosinophil count fell to 7ero following each operatine
stage and then m each nstance extubited the usual rebound to
levels considerably exceeding those present preoperatnely The
count did not stabilize until approximately three weeks to one
monlh followmg the third stage The urinary exerction of 17-

Is was not mcreased by the Instead, there
was a gradual decline 1n the excretion of these steroid products,
the lowest level being reached mmmediately followmg the third
stage, after which there was a gradual mcrease in the escretion

as convalescence progressed,
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monary lesions Nevertheless, cavitation persisted in the
left upper lobe, and a standard posterolateral thoraco-
plasty was performed to control the discase on the left
side. At the time of operation she was considered to be
in a good nutnitional state,

Laboratory Data  The excretion of steroids and the
total eosinophil counts are presented in Figure 14 As
with patient A D, the total eosinophil count did not
begin to stabilize until almost three weeks following
the third stage The urinary excretion of 17-ketosterords
was not strikingly affected by the mdividual operations,
but this excretion did increase slightly at the time of
the second operation There was a general downward
trend over the span of the three operations, and this
trend had not been reversed by the time the patient was
dropped from the study approumately one month fol-
lowing the third and final stage. Had the patient been
followed farther into convalescence, the level of 17-keto-
steroid excretion would probably have nisen agam to the
control levels The excretion of corticords increased af-
ter each operation, and the level remained elevated for
about twenty days after each stage It 1s of interest to
note that the pronounced sccondary rise m the excretion
of corticoids which occurred on approximately March
17th (specimens for three days were pooled} was not
associated with a sigmécant fall 1n the total eosmophl
count. We have commented previously on the relative
lack of correlation between random elevations 1n the ex-
cretian of corticoids and in the total eostnophil count
the late postoperative periods.

In Frgure 15 are shown the data for mtrogen metabo-
lism and several mteresting features are to be noted As
this patient lost weight and, presumably, muscle mass
there was a defimte but gradnal downward trend in the
urmary excretion of creatinine This process had only
begun to reverse 1tself when the study was discontinued



SURGICAL PHYSIOLOGY OF THE ADRENAL CORTEX

urinary excretion of nitrogen, creatinine and creatine.
There was a moderate increase in creatinine excretion
following each operation. Though the patient was in
positive nitrogen balance prior to the first operation,
there was a sharp increase in the urinary excretion of ni-
trogen following this procedure. The sccond and third
operations had little immediate effect on the level of
nitrogen excretion. (Fecal nitrogen analyses were not
performed in this study.)

Comment- On the basis of these findings, it would ap-
pear that the first stage of a standard thoracoplasty repre-
sents a more severe and prolonged injury than gastric
or colon resection Perhaps the trauma to bone which is
involved 15 responsible for the prolonged duration of ad-
renocortical hyperfunction, since fractures are hkely to
be followed by a more prolonged increase m the urinary
excretion of nitrogen than are soft tissue injuries. It is
also of mterest that a return of these measured variables
to normal levels, approtimately one month after the op-
eration, was fairly well correlated with the return of the
patient’s good spints and feeling of well-being

Patient M. W.- Three-Stage Posterolateral Theracoplasty

Chnical Data This twenty-four-year-old woman was
admitted to The West Tennessce Tuberculosis Hospital
with a diagnosis of far-advanced pulmonary tuberculo-
sts, bilateral, chiefly on the left Roentgen examination
revealed moderate fibrotic and exudative streaking in the
first and second 1nterspaces on the right, with a few cal-
cified nodules scattered tk hout the lung parenchy
The left lung presented multiple cavities in the upper
lobe, with fibrotic and exudative streaking involving most
of the rest of this lobe and to a lesser extent the lower
lobe. Her general physical condition responded grad-
ually to streptomycin and other conservative measures,
and this was accompanied by a regression of the pul-
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MW() EFFECT OF THREE-STAGE THORACOPLASTY ON NITROGEN METABOLISM

;;

]

¢ ST

,:‘.“ NS T =¥

o I .
[ I TR B iof i

Figure 15 M W. Effect of Three-Stage Thoracoplasty on Nitrogen
Metabolism The excretion of creatmnine was not particularly affected
by the mdiwidual operations, but there was a gradual decline 1 this
excretion over the span of the three operative stages, ndicating
perhaps a decrease m the lean body tissue The pattern of creatme
excretion was most mteresting m that a spike in this excretion was
associated with each operation, followed by a declne to relatively
low levels, to be followed by a second nse approumately five to
six days foll g the The signil of this finding 15
not known, but 1t has been suggested that vanations m creatme
and creatimne excretion m the postoperative period may be re-
lated to alterations m thyroid activity The excretion of mitrogen
was mcreased for approumately ten days followmg the first opera-
tion  Followimng the second operation, however, there was hitle
change n the excretion of nitrogen and following the third opera-
tion the patient was actually storing considerable amounts of this
element.
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MW (?) EFFECT OF THREE-STAGE THORAGOPLASTY ON THE EOSINOPHL
COUNT AND URINARY EXCRETION OF CORTICOIDS AND 7-KETOSTEROIDS
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Figure 14 M W Effcet of Three-Stage Thoracoplasty on the
Eosmophil Count and Unnary Excretion of Corticoids and 17-
7 s Tividual -
mediate effect on the unnary exeretion of 17-ketosteroids, but
there was a gradual dechine n the level of excretion over the
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was mereased sharply after each operation, and thi elevated
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1ng the third stage, the level of excretion of corticords fell to low-
normal levels The total eosmophl count fell promptly to zero
after each operabon and thereafter exhibited the usual rebound
phenomenon 1t 55 of particular mterest to note that the level
of corticard excretion was at times elevated during a sharp -
ercase i the eosmophil count  Thes 1s 1 accord with the fact
that tetal eosmophil count mav not bear an iverse relationship to
corticord i the ads i 7 period.
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monary tuberculosis he was obviously critically i1l and
in a poor state of nutrition Roentgen examunation

fed a soft p lid of the nght up-
per lobe with a 5 or 6 centimeter cavity in this lobe.
There was also scattered infiltration throughout the rest
of this lung. The left lung presented soft mfiltration m
the mid-lung field with a moth-eaten appearance at the
periphery He was placed on conservative therapy which

Multiple Short Incisional Thoracoplasty

Fust Stage Second Stage Third Stage

Figure 16 Multiple Short Incisional Thoracoplasty  This shows a

variant of the multiple short ncisional thoracoplasty and was

used 1n Patient R P The two posterior stages were done first and
the antenor stage last

included streptomycm, PAS, and later INAH Eight
months after adrmssion a Monald: dramage of the large
upper lobe cavity was nstituted, and one year after ad-
mission the “soft” disease in both lungs had cleared farrly
satisfactonly and the cavity had dxmmnshed m size, A
three-stage multiple short mci lasty was
performeq with the two postenior stages being done first,
followed by an antenor stage at which time the Monaldi
tube was athdrawn (Figure 16) The patient was still
n poor general physical condition and nutntion at the
time of operation
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approaimately one month following the third stage. This
was the only female studied, and 1t is of interest to com-
pare her creatine excretion with that of the male patients
Following cach operation she exhibited first a brief rise
mn this excretion, then a marked fall, and on about the
fifth postoperative day a sharp and rather prolonged
secondary rise  The sigmficance of this pattern of excre-
tion 1s problematical, but 1t is of interest m view of the
impression that females react somewhat differently to
the trauma of operation than do males. While most of the
male patients exhibited some increase in creatine ex-
cretion at one time or another during the study, there
was no consistent pattern of excretion, and it was not
possible to correlate the variations m creatine excretion
with variations m the other phystologic processes that
were measured.

This patient exhibited a negative nitrogen balance for
a brief period following the first operation Following the
second operation there was no increase 1 the excretion of
mtrogen, and following the third operation there oc-
curred a defimte retention of nitrogen Of course, the
third stage of the posterolateral thoracoplasty 1s the
least extensive and stressful of the three stages, and we
have obtamed evidence m patients subjected to other
types of thoracoplasty that there 1s a tendency for the
most extensive stage of the thoracoplasty to be followed
by the greatest excretion of mtrogen, though other fac-
tors such as its sequence mn the sertes have an mfluence

Question Do men and wom¢n react to the trauma of
operation 1n a sigmificantly different manner?

Patient R P Multiple Short Incisional Thoracoplasty with
Stages Spaced at Three-Week Intervals

Clinical Data  When this thurty-ninc-year-old man
was admitted to The West Tennessee Tuberculosts Hos-
pital with the diagnosis of far-advanced bilateral pul-
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debilitated from chronic disease. Esen here, however,
there was discermble a slight downward trend m the
level of excretion of 17-ketosteroids following operation,
particularly after the sccond and third stages Late in
comvalescence it appeared that the level of excretion of
these sul rught be dually, though
the level was never within normal Iimits. The excretion
of corticoids was low normal and the level was not
sharply increased following operation. The fauly robust
increase in the excretion of corticoids late in the post-
operatne period following the third operation was as-
sociated with fever.

The total eosmophil counts in this patient with very
extensive tuberculosts were almost at zero from the
time the study was begun Nevertheless, the count fell
to absolute zero with the first operatton and with each
succeeding operation. The only time that normal levels
were reached was dunng the penod of rebound follow-
ing the second stage. After the rebound following the
third stage the count agamn dechned to a low level wiuch
reflected the severe, chrome stress imposed by his disease

Comment: The findings m this patient are those which

prevail in the p of a chrome debilitat-
ing illness Chmecally this patient exbited very httle
reaction to each of the stages of the thoracoplasty, but
his physicians were not decerved mto believing that the
physiologic resources were such that he could absorb the
operative trauma without seriously taxing his reserves.
On the contrary, it was assumed that he simply was not
able to exhibit a normal response to the operatne
trauma It is well known that the elderly patient may go
through an eperation “without turning a hair” and this
mild clinical response to operation is usuallv in accord
with the laboratory data, for these patients commonly
show only a mild and brief increase in the unnary ex-
cretion of corticoids However, the fact that these pa-
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Laboratory Data: In Figure 17 are shown the total
cosinaphil counts and the urinary excretion of corticoids
and 17-ketosteroids. The preoperative exerction of 17-
ketosterords in this chronically and entically ill man was
qute low, a characteristic finding in patients who are

RP{ EFFECT OF THREE-STAGE THORACOPLASTY ON THE EOSINOPHL COUNT
AND THE URINARY EXCRETION OF CORTICOIDS AND 17-KETOSTERUIOS
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Figure 17 R P Effect of Three-Stage Thoracoplasty on the
Eosinophil Count and the Unnary Excretion of Corticoids and 17-
Retosterords  The multiple short mcrsional method was used m this
patient but, due to his extreme debility, the stages were spaced at
three-week mtervals instead of one week mtervals. Indicative of the
poor nutnitton and chronic disease, the level of excretion of 17-keto-
steraids was low prior to the first operation and this level never was
within the normal range However, there was a shght gradual de-
chine m the excretion of 17-ketosteroids, the lowest level being
reached shortly following the third stage The cxcretion of corti-
coids was increased shighthy following the first and second stages
and t more sharply foll g the third stage  The total
cosinophil count was consistently only shghtly above zero before
the first operation, but the count fell to absolute zero after each of
the operative stages. the usnal rebound phenomenon was noted.
Followmng the rebound after the thurd stage the count gmqunlly
declined to the control values, which were quite low. This is the
pattern of response which one frequently observes m cdwonically
11l patients

eoursenmn,
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be was again admitted to the hospital, and on streptomy-
cm, PAS, and other conservative measures the bronchial
fistula which had appeared on the nght closed and the
lung re-expanded. A cavaty which had appeared in the
left lung also closed Twelve months following the ong-
inal admisston the cavity m the nght upper lobe had
greatly dimuushed in size and a mnltiple short incistonal
thoracoplasty (Wangensteen), staged at one-weeh in-
tervals, was performed on the right (Figure 18). He
was well nourished at the time of operation.

Laberatory Data. The measurements of adrenocorti-
cal activity are presented 1n Figure 19. The level of 17-
Letosteroid excretion diminished shortly after the first
opesation and remamed low until several days follow-
ing the third operation, after which 1t regamed preop-
erative levels. There was a prompt merease in the ex-
cretion of corticoids after all operations. The total cosin-
ophil count fell to zero folluwing both the first and
second operations, but did not fall entirely to zero after
the third operation

The data for mtrogen metabolism are not given here,
but st is of interest that this patient exhibited the greatest
increase in nitragen exceetion following the second op-
erative stage, which 1s the stage in this particular type of
thoracoplasty which involses the division of the greatest
amount of muscle.

Comment® These data illustrate that the patient can
respond with 2 vigorous adrenacortical reaction to mui-
tiple operations spaced at one.week mtervals The data
further stggest that the thoracoplasty performed by the
multiple short incisional method imposes less over-all
stress upon the patient than daces the three-stage postero-
Iateral procedure Certainly the period of time over
which the patient 1s being subjected to repeated instances
of trauma is reduced from siv weeks to two weeks
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tients appear to be only mildly affected by the opeia-
tron should not be viewed as a desirable circumstance, for
clinical expenence tells us that the operative mortality
1 depleted and in elderly patients is significantly greater
than in young and healthy mdividuals.

Patient F. C.: Multiple Incisional Thoracoplasty Staged ot
One-Week Intervals

Clinical Data. Tlis twenty-six-year-old man was ad-
mitted to The West Tennessee Tuberculosis Hospital
with the diagnosis of bilateral far-advanced pulmonary
tuberculosis Chest roentgen exammation revealed a 3
centimeter cavity in the nght upper lobe and some 1n-
filtration 1n the left mid-lung ficld. He soon left the hos-
pital against medical advice and subsequently developed
complications in the opposite lung. Several months later

Multiple Short Incislonal Thoracopliasty

First Stage Second Stage Third Stage

Figure 18 F C  Muliple Short Incisional Thoracoplasty We
have commonly performed the anterior stage first, followed by the
posterior second and third stages The sccond stage usually repre-
sents the most extensive trauma of the three stages, since a greater
mass of musculature 15 divided and since at the third stage one fre-

quently uses a portion of

the scar of the masion made at the
second stage,
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he was again admitted to the hospital, and on streptomy-
an, PAS, and other conservative measures the bronchal
fistula which had appeared on the nght closed and the
lung re-expanded. A cavity which had appeared m the
left lung also closed Twelve months followmng the arig-
1nal admssion the cavity in the nght upper lobe had
greatly di hed in size and 2 multiple short |
thoracoplasty (Wangensteen), staged at one-week 1n-
tervals, was performed on the nght (Frgure 18). He
was well nourished at the time of aperation.

Lab Y Data. The of ad ti-
cnl activty are presented i Figure 19. The level of 17-

d excretion d hed shortly after the first
operation and remained low until several days follow-
ing the third operation, after which it regained preop-
erative levels. There was a prompt increase in the ex-
cretion of corticoids after all operations, The total eosin-
ophul count fell to zero following both the first and
second operations, but did not fall entirely to zero after
the third operation,

The data for nitrogen metabolism are not gaven here,
but it is of interest that this patient exlubited the greatest
inerease in nitrogen excretion following the second op-
erative stage, which is the stage in this particular type of
thoracoplasty which involves the diviston of the greatest
amount of muscle.

Comment- These data illustrate that the patient can
respond with a vigorous adrenocortical reaction to mul-
tiple operations spaced at ene-week intervals. The data
further suggest that the thoracoplasty performed by the
multiple short masional method imposes less over-all
stress upon the patient than does the three-stage postero-
lateral procedure. Certamly the perrod of time over
which the patient is bemng subjected to repeated instances
of trauma is reduced from six weehs to two weeks,
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F.C.s) EFFECT OF THREE-STAGE THORACOPLASTY ON THE EQSINOPHIL
COUNT AND URINARY EXCRETION OF CORTICOIDS AND 17-KETOSTERCIDS

o o [E——

e H

D

v B

0w conmcons

Te "IL__,[L\J

H W =1

[ [r—

Saco A

=

2300

fxo

P - —
- ]
¥ i i H H i i i L

Figure 19 F C  Effect of Three-Stage Thoracoplasty on the
Eosinophil Count and Urinary Excretion of Corticotds and_17-keto-
steroids It will be noted that the operations were staged at one-
week intervals  Following each operation there was a sharp fall m
the total eosnoplil count, followed by the usual rebound The
urinary excretion of corticoids was mereased after each operation
The unmary excretion of 17-k ds was not lv af-
fected by the several individual operations, but there was a gradual
decline m the level of ths excretion, the lowest pont bemng reached
two days followmng the third stage It 15 of interest that the pre-
operative level of excretion of 17-ketosteroids was regamed more
promptly m this patient, whose three operations had covered an
entire span of only two weelks, than was the case in the patients
whose three operations covered a span of six weeks It 1s clear
that a patient 1s able to react vigorously to major operations staged
at onc-week imtervals
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Concluding Comment
Adrenacartical Activity Following $toged Operations

Urinary Excretion of Corticords The exeretion of cor-
ticoids sncreased after all three operations in virtually afl
patients studied The magmtude of this merease appeared
to be related to the state of health and nutrition of the
patient. The subject whose general condition was the
poorest (R P} exhabated a less marked response to the
operations than did those whose state of nutntion had not
seriously detersorated.  Nevertheless, there are defiute ex-
ceptions to these Endings for, as wilt be shown i Chapter
V, we have studied patients in evtremely poor physical
condition and nutntion whose mereass in corticoid excre-
tion following operation was marked,

In Chapter II it was noted that following the increase
in corticoid excretion in response to a single operation
this exeretion subsequently falls temporardy to Jow-normal
levels It s clear from the present stuches that this period
of sub-average corticord excretion may follow all of the
three successive stages of thoracoplasty, The explanation
for this finding is not settled  This low level of excretion
probably does not represent temporary exhaustion of the
adrenal glands, for if a second operation 15 pexformed be-
fore the level of corticord excretion has had an opportumty
to fall the usual postoperative merease 1s agan observed
It 1s suggested that this low ebb of exeretion may repre-
sent a purposeful attempt on the part of the body to re-
verse the alarm respouse, to allow retamed furd to be ex-
creted, and to allow nitrogen retention to mcrease

Urinary Excretion of 17-ketosteroids.  These studies of
multiple operations wdicate, 2s we have previously nated
for single operations, that the level of exeretion of 17-
X ds 15 not Iy elevated followsng surgical
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operations. It is also apparent that the level of excretion
of these steroid end-products diminishes in debilitated pa-
tients, as has been extensively documented by others in
the past. The level falls gradually over the period during
which the multiple operations are being performed,
usually reaching its lowest level (in these expcriments)
several days following the final operative procedure. Vari-
able periods of time are required for the excretion to rise
again to contro! values, but in the majority of our patients
this period was about one month, The Jevel of excretion
of 17-ketosteroids may prove to be useful as a yardstick'
of convalescence and as an index of the general state of!
health.

Total Eosinophil Counts. With but one minor excep-
tion, the total eosinophil count fell to zero following each
operation and m all four patients this fall coinesded with
the postoperative merease in the levels of corticoid ex-
cretion. However, random secondary rises in corticoid ex-
cretion were not always accompanied by a fall in the total
cosinophil count

In the patients who were chronically and entically ill,
of whom R. P. 15 the only example presented here, the
control cosmophil counts were near zero and the levels
remamed low throughout the period of study. This find-
ing was considered mdicative of the chronic stress 1m-
posed upon these patients by their far-advanced discase

The usual postoperatine rebound to levels exceeding
those obtained during the control period was observed
after each operative stage n all patients. Following all
stages the total eosmophil count required from fifteen to
thirty days to stabilize at levels approumating those ob-
tained preoperabively

v
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Nitrogen Excretion Following Staged Operations

All patients who have been subjected to the standard
posterolateral thoracoplasty have exhibited their maxi-
mum increase m mtrogen excretion following the first of
the three stages. The two patients who underwent the
multiple short incisional thoracoplasty at one-week in-
tervals (one of whom is not reported here) exhubited at
least as great an excretion of mitrogen after the second
operation as after the first. This was also true of patient
R. P., who underwent the multiple incisional procedure at
three-week intervals. These findings are in accord with
the extent of the surgery performed at the respective
operative stages.

Practical Implcations of These Studies

Patients who are operated upon only one week follow-
ing a first operation are able to react vigorously to the
second procedure. Therefore, necessary second opera-
tions, perhaps needed for the relief of postoperative intes-
tinal obstruction, should not be delayed for fear that the
patient cannot withstand the second procedure so soon

Normal levels of the measured physiologic activities
were frequently not regamed until from three to four
weeks following the third and final stage Therefore, the
patient who states that he does not feel able to return to
work three weeks after a major operation may be statmg
a physiologic truth  Actually, 1t 1s known that the normal
physiology s altered for many months following a major
operative procedure.

The level of 17-ketosteroid excretion may be useful as
a yardstick for measurng the rate of convalescence and
as an index of the general state of health While the ex-
cretion of 17-ketosteroids was not strkingly affected by
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the individual operations, there tended to be a progressive
decline m the excretion of these substances over the period
of the three operative procedures. The excretion returned
to preoperative levels only after from twenty to forty
days following the third and final stage Therefore, while
the adrenal cortex does respond vigorously to repeated
trauma, as evidenced by alterations in the levels of corti-
coid excretion and the total cosinophil counts, the pio-
gressive decline in the excretion of 17-ketosteroids may
indicate a selective depletion of this organ and presumably
reflects a depletion of the patient’s general reserve.



Chapter IV

ADRENOCORTICAL ACTIVITY FOLLOW-
ING EXTENSIVE THERMAL
BURNS IN MAN

’Em ADRENOCORTICAL REsPONSE which follows extensive
burns is one of the most intense that we have studied in
our laboratory. Approximately 400 measurements of the
twenty-four hour urinary excretion of corticoids and of
17-ketosteroids have been performed in duplicate in fif-
teen burn patients, and frequent total eosinophil counts
have been made The results of the study of four repre-
sentative patients will be presented.

Results

Patient L, O.: 22 Per Cent Scald Burn

Chinical Data This twenty-eight-year-old man was
burned when an assailant poured a pot of hat grease
over his back, shoulders, and upper arms, The burned
areas were ltmited chiefly to the posterior or extensor
surfaces, and 1t was possible to treat him by the open
or exposure method Flwd requirements were not ex-
cessive, senous mfection did not develop, and the cata-
bolic response was not great The crust thinned and
separated from his back in two large sheets on the
twenty-second day and 1t was found that, contrary to
the ongmal opinion, no grafting was necessary.

Laboratory Data  The values for the urmary excre-
tion of corticoids and 17-ketosterords and the total eosino-
phul counts are presented in Figure 20. The urinary ex-
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L.O.(28yra): 22% SCALD BURN

_ Total Eosinophil Counts, and
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Figure 20 L O 22 Per Cent Scald Burn  Total
Eosmnoplul Counts, and Unnary Corticords and 17-
Ketostesonls  The level of excretion of 17-hetosteronds
n this pattent was within normal himits and was
never depressed, mdicating that the wngury was not
sufficiently severe to be a debilitating one The
urinary excretion of corticords was mncreased, but thry
wncrease was not great  The total eosinophil count
was at zerg on adnussion but promptly rose and this,
as much as amything else, mdicated the superficial

pature of hus burn Grafting was not required
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cretion of 17-hetostererds was slightly depressed in this
male patient dunng the early stage of the burn, but by
the time he was discharged the single late measurement
performed 1ndscated that the level was within the normal
lizmts for men  The excretion of corticoids remained at
essentially normal levels dunng the first twenty-four-hour
period but thereafter rose to levels which were consider-
ably elevated. It is of interest that at the time of dis-
charge on the twenty-fifth day, when the total easinephil
count was 278 cells per cubic millimeter, the excretion
of corticonds was still ek d. The total hil
count v as zero at the bime the patient was admitted but
dunng the next twenty-four hours the level rose and
never again reached a Ievel as low as that obtained on
admssion,

Comment, The bum ssjury in this patient was one of
only moderate extent an severity, and this circumstance
was reflected by the relati ely mild alarm response. This
was evidenced by the maderate nise in the excretion of
corticoids, by the fact that the extent and chromuity of
the burn was not sufficient to bnng about a lowermg of
the excretion of 17-ketosteroids, and by the fact that the
tfotal eosmophtl count remaned at zero for only a bricf
sterval

Pahent G 8- 35 Per Cent Flame Burn

Chmcal Data  This ffty-nine-year-old man sustained
fame bumns of the antenor surface of the body, meludmg
the upper abdomen, chest, right arm and hand, and left
hand when he had an epileptic sexzure while smoking 1
bed Approumateh one-half of the bumn was considered
to be of third degree e was treated by the open
method with the exception of the hands and arms, which
were dressed, and fhnd therapy was mstituted accordmg
to establshed procedure  The wrinary sodmm Olllpl;t
remained low until the sixth day, at which time the body
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weight curve reached its peak. Thereafter the urinary
sodium excretion remained at fairly high levels until the
eleventh day, when it began to decline This decline was
d with a i reversal of the previous

decrease in weight to a gain in weight, and the weight
curve did not fall to admission levels until the twentieth
day. He became slightly dyspneic on the sixth hospital
day and these symptoms increased in severity over the
next two days. A chest roentgenogram showed “con-
gestive changes” and he was digitalized on the eighth
day, shortly thereafter the dyspnea subsided. Skin graft-
g was carried out on the thirty-fourth and the fifty-third
days

Laboratory Data: In Figure 21 it may be observed
that the level of 17-ketosteroid excretion in this patient
was well mamtained until the additional stress of graft-
ing was jmposed on the thirty-fourth day, following
which the level of 17-ketosteroid excretion rapidly de-
clmed The excretion of corticoids remained rather
sharply elevated throughout most of the hospital stay
and was still somew hat elevated when he was discharged
80 days followmg the injury  Only twice was the total
eosmophil count at zero, and we have come to beleve
that 2 prompt nse m the count 1s a favorable prognostic
sign  The shght fluctuations which were observed were
usually ted with the cl of the d

Comment  The mjury in this patient was more ¢\
tensive than that m the previous patient, though onlv a
relatively small portion of the njury finally required
grafting  That the trauma was well tolerated was evi-
denced by the fact that the level of urinary 17-ketoste-
roids was well maintained for many days and did not fall
until the additional stress of skin grafting was imposed
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6 S.{59yr2): 35% FLAME BURN
Tota! Eosmophil Counts, and
Urinary Corticoids and 17-Ketosteroids
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Figyre 21 G S 15 Per Cent Flame Burn  Total Eopsmophil
Counts, and Unnawy Corticods and 17-ketesteronds  The level of
17-ketosteroid excretion was well mamtaned until the late post-
burn perod when shin grafting furnsshed the addstional burden
that was required to cause a dechne m the excretion of these
products  The urinay excretion of corticords was mcreased over a
lang period of time and, indeed, was nat nosmal even at the tme
of dicharge The total eosmoplil count was depressed for a con-
sider bl period of ime This man had a moderately extensive deep
burn which required skhin grafting
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weight curve reached its peak. Thereafter the urinary
sodium excretion remained at fairly high levels until the
eleventh day, when it began to decline. This dechne was

d with a i reversal of the previous
decrease in weight to a gan in weight, and the weight
curve did not fall to admission levels until the twentieth
day. He became shghtly dyspneic on the sixth hospital
day and these symptoms increased in sevenity over the
next two days. A chest roentgenogram showed “con-
gestive changes” and he was digitahized on the eighth
day, shortly thereafter the dyspnea subsided. Shin graft-
ing was carried out on the thirty-fourth and the fifty-third
days.

Laboratory Data In Figure 21 it may be observed
that the level of 17-ketosteroid excretion in this patient
was well mamntained until the additional stress of graft-
ing was fmposed on the thirty-fourth day, followmg
which the level of {7-ketosterod exeretion rapudly de-
clined. The excretion of corticoids remmned rather
sharply elevated throughout most of the hospital stay
and was still somewhat elevated when he was discharged
80 days following the injury. Only twice was the total
eosmophl] count at zero, and we have come to belteve
that a prompt risc mn the count s a favorable prognostic
sign  The shght fluctuations which were observed werc
usually associated with the changing of the dressings

Comment  The wyury 1 this patient was more €
tensive than that in the previous patient, though only a
relatively small portion of the njpury finally requred
graftmg  That the tranma was well tolerated was evi-
denced by the fact that the level of urnary 17-ketoste-
rords was well mamtamed for many days and dul not fall
until the additional stress of skin grafting was imposed
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ANi. (47yr8): 40% FLAME BURN

Total Eosinophil Counts, and
Urinary Corticoids and 17-Ketosteroids
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Figure 23 A Ni 40 Per Cent Flame Burn  Total
Eosimnophil Counts, and Uninary Corticords and 17-
hetosterods This patient sustamed a sexere mjurv
The level of excretion of 17-hetosteroids was always
at a subnormal level There was an mcrease 1 the
urmary exeretion of corticods which was particularly
strihing on the two davs pnior to her death  The fact
that the total eosmoplul count remamed at zero for
the duration of the illness was considered to mdicate
a grave prognosis
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Patient A. Ni.: 40 Per Cent Flame Burn

Clinical Data: This forty-seven-year-old woman was
burned on the anterior surface of the thorax, face, and
neck when a cigarette ignited the illegal “explosive
sweater” which she was weaning (Figure 22). Both arms
and hands were burned, and at least 30 per cent of the
total burn was idered to be full thick third de-
gree injury with charning.  The hands and arms were

;
i

’

d
-

Fugure 22 A Nt 40 Per Cent Flame Burn

dressed but otherwise the patient was treated by the
open method.

She did poorly from the beginming, and the unnary
output was never completely satisfactory  Little sodim
was excreted m the urine and « churests of this ion never
occurred.  On the twelfth day after injury the serum
clectioly te levels were normal - She died suddenly that
mght.

Laboratory Data  In Figure 23 1t may be scen that
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biotic therapy, He would not eat and efforts to feed him
by tubc resulted, rep dls, in marked d and

, dless of the variations m the
ctrmposmon of the feeding mnture His was a progres-
sively downhult course.

Laboratory Date- Thus patient extubited (Figare 24)
what would appear to have been a maximal adreno-
cortical response tc the m]ury The level of excretion of
174 {uafly over the course of the
thirty-nine days that he lived, but the urinary ontpouring
of corticoids was nbundant from the tume of admission
up to and 1ncluding the twenty-four-hour period which
preceded that i which he died  This finding 15 0 ae-
cord with those whieh we have seen in other patients
who have died, namely, that winle the level of 17-ketoste-
roud exerction declines 1 a chronee iliness, the excretion
of hife-supporting corticoids fs generally maintained at
2 normal or elevated level during the stress which pre-
cedes death

With few exceptions the total cosmophi] count re-
mamed at zero from the time of admussion to the tme he
died, and m the hght of the knowledge that we hue
gamed from these studies of burn patients, we view an
eosmophil count of this type as mdieative of a poor prog-
1gsts

Comment  This patient exhibited 2 prolonged and in-
tense adrenocortical response to his mjury At no tme
dud 1t appear advisable to attempt to shan graft the
wounds, there being alw ay s the hope that Ius ertieal con-
dihon would improve It should have been possible to
feed Inm more successfully, and 1t will surely become
possible better to control the infection which looms so
Jarge as a factor in the so-ealled stage of tovemna wluch
1s assoctated with extensie bumns
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the level of 17-ketosteroid excretion in this patient was
quite Jow from the time of admission to the time of
death. One possible cause of this finding was that the
patient was in a state of malnutrition at the time she
was burned  An additsonal factor may have been the
fact that the attending physician elected to treat this
patient with 100 milligrams of cortisone daily from the
time of admission through the fourth day of hospitaliza-
tion. It is well known that the administration of corti-
sone to certain individuals will suppress the urinary ex-
cretion of 17-ketosteroids (Chapter VI) However, 1t is
unlikely that the cortisone therapy was the sole cause
of the low 17-ketosteroid exerctron observed here.

The excretion of corticoids rose rather slowly but was
at a markedly elevated level during the Jast two twenty-
four-hour periods preceding death.

The total eosmophil counts gave a clue to the true ex-
tent of this injury A total eosinophul count of zero per-
sisted from the time of admission ta death. Ths type
of curve 1s rather characteristic of that found in extensive
full-thickness njury

Comment. This patient exhibited an extreme adreno-
cortrcal response to an extensive and fatal burn.

Patent R, J . 55 Per Cent Fiame Burn

Clinical Data  This twenty-seven-y ear-old male truck
drtver was burned when gasolne fumes evploded and
burned lus house down  He sustained severe thuird de-
gree burns of the back, hands, and both legs In addition,
there were second degree bumns of the face and neck
On admusston he was disoriented and, though at times
the sensorum 1mproved, he never fully regained his
faculties during the thirty-nine days that he survived
Since his ertical chimcal condition never improved to an
extent that would permit skin grafting, he developed an
evtensive wound infection, which was refractory to anti-
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Summarizing Comment
Eosinophil Counts

The findings which have been presented are in accord
with those reported by Evans and Butterfield (93), and
by Wight and her associates (99). The former workers
found that the depression n the eosmophil count ap-
peared to be closely refated to the extent of the burn -
jury and was almost complete m 40 to 60 per cent burns
They found that the natural stress response of the severely
burned patient was surprisingly large, as assessed by meas-
urements such as we have used, and with this impression
we would surely agree 1t would appear that a prolenged
severe depression of the total eosinophil count following
the imtial myury indieates 2 poor prograsis

Corticord Excretion

The exeretion of corticoids is elevated followng a bum
of significance, and thus excretion remans at erther an
clevated or normal level throughout the course of the
mjury, regardless of whether the patient eventually dies
OT YECOVETS,

We would agree with Wight and her assocrates that
there is mo correlation between adrenal response and the
extent of the burn ecept in minor mjuries  Both moderate
and severe burns respond m a suular fashion m regard to
the excretion of corticords and, though perhaps to a lesser
extent, to the ¢l m the total eosinophil count

17 ketosterord Excretion
Whale there may be @ brief merease in the exeretion of
17-hetostermds following a bum, the most charactenstic
finding 1 severe amunies s that of a gradual dechne.
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RJ (27yr#) 55% FLAME BURN
Totat Eosmophit Counts, and
Urinary Corticoids and I7-Ketosteroids
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Figure 2¢ R | 55 Per Cent Flame Burn Total Eosinophul Counts,
and Uninary Corticords and 17-Letosteiords The excretion of 17-
ketosteroids exhibited the usual gradual decline to low levels as the
extensive mpury became chromic  Had the patient recovered, the
17-ketosteroid excretion would have returned to normal levels late
i convalescence The excretion of corticords remained elevated un-
tl he died, and we have observed that the excretion of corticords
usually remams at normal or elevated levels up to the time of death.
+f shock and ohguna are absent The total eosmephil count remamed
at or near zero for the entire thirty-nine days that he hved, again
indicating the very severe nature of the mpury and the unfavorable
prognosis
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Summarizing Comment
Easinophif Counts

The findings which have been presented axe in accord
with those veported by Evans and Butterfield (98), and
by Wight and her associates (99). The former workers
found that the depression in the cosinoplil count ap-
peared to be closely related to the extent of the bum -
jury and was almost complete in 40 to 60 per cent burns.
They found that the natural stress response of the severely
burned pabient was surposingly large, as assessed by meas-
urements such as we have used, and with ths impression
we would surely agree. It would appear that a prolonged
severe depression of the total eosinophil count following
the initial mjury indicates » poor prognosis

Corticold Excretion

The exeretion of corticowds is elevated following a bum
of sigmficance, and tns evcrehon remans at enber an
elevated or normal level throughout the course of the
myury, regardless of whether the patient eventually dies
or recovers

We would agree with Wight and her associates that
there is no correlation between adrenal response and the
extent of the bumn escept m munor inpuries. Both moderate
and severe bums respond 1o a similar fashon in regard to
the excretion of corticonds and, though perhiaps to a lesser
extent, to the changes 1n the total eosmophi} count

17-ketosteroid Excretion

Whale there may be a brief increase in the eseretion of
17-hetosterods following a burm, the most chamcterishie
findimg m severe impunes s that of a gradual dechne.
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Furthermore, the extent of this declmne reflects in a gen-
eral way the magmtude of the injury, for in the relatively
mild burn a normal level of 17-ketosteroid excretion may
be maintained.



Chapter V

ADRENOCORTICAL FUNCTION IN MAL-
NOURISHED CANCER PATIENTS, WITH
OBSERVATIONS ON THE RELATIVE DE-
PEXDABILITY OF THE ACTH-EOSINO-
PHIL TEST AND THE EPINEPHRINE-
EOSINOPHIL TEST AS MEASURES OF
ADRENOCORTICAL RESERVE

rEu: rurrose of these investigations was to determine
whether or not adrenocortical activity in malnourished
patients with gastromtestinal cancer 1s quantitatively 1m-
pared  Eleven patients were studied who had lost from
7 to 20 kilograms m body weight, the average being ap-
proxmately 12 hlograms (26 1bs.). The twenty-four-hour
excretion of corticords and of 17-ketosteroids was meas-
ured, and the adrenocortical reserve was estimated by
means of the int ) phil test
and the ACTH-eosinophil test In 2 second group of 19
patients the ACTH was infused mtravenously.

Results

The climeal data for the first group are presented mn
Table I, and the measurements of adrenocortical function
are presented 1n Figure 25

Urinary Corhcord Excretion

In only one patient (M L ) was the corticord excretion
subnormal  In three patients the corticoid excretion was

87
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TABLE 1

PATIENTS STUDIED
Approumate

Name Age Sex Diagnasis Weight  Weight Loss
Kilograms Kidograms

RB 5 F Caremnoma of 49 9
the stomach

FB 5 F Carcmoma of 41 1
sigmord colon

ML 51 F Carcinoma of 50 7
the colon

PH 60 F Carctnoma of 18
the head of
pancreas

DR 62 M Cartimoma of 47 14
the esophagus

G M 53 F Carcrnoma of 35 16
the esophagus

cCP 53 M Carcinoma of 41 20
the stomach

MF 51 M Car¢inoma of 51 12
the stomach

FN 7 M Carcinoma of 63 18
the esophagus

L M 52 M Caranoma of 50 18
the stomach

WG 49 M Caranoma of 47 19
rectum with
metastases

defimitely greater than normal (G P., M. F,, and F. N )
There was no definite correlation between the Jevel of
corticord excretton and the amount of weight loss, and
this is m accord with the fact that a normal level of corti-
coid excretion 15 wsually mantained 1n chrome disease
states. Moreover, 1n patients who have sustamed ex-
tensive burns the level of corticoid excretion remains nor-
mal or clevated up to the time of death These findings
are not surprising, for an adequate supply of corticoids 15
nainl far Life.
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Figure 25 Malnounshed Cancer Patients. Unnary Excretion of
Corticouds and 17- lcwm'razds and the Rcsp:mw of the Total Eosino-
phil Count to I of E hirine and of ACTH
All ten patients so studied exhibited a normal or elevated excretion
of corticosds  Thes 1s m accord with the fact that debilitated or
seriously 11} patients do usually show a normal or elevated level
of corticord excretion, 1n contradistinction to the excretion of 17-
ketosterords, which is usualy depressed Only one of the ten pabients
bad an excretion of 17-ketosterords which was within normal hmuts,
the others bemng subnormal Injection of 0 3 midligrams of epraeph-
nine mtramuscularly produced a fall m the total eosmophul count
of more than 50 per cent m onlv one of the ten patients so studied
The mection of 25 milhgrams of ACTH produced at least a 50 per
cent fall in all but two subjeets. It ts concluded that the epmephrine-
eosinoplul test 1s unreliable as an indicator af the functional reserve
of the piturtarv-adrenocortical axis  (Wilson, F. C, Jr, and Hardy,
1. D . Federation Proc, 12.1933)
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Urinary 17-ketosteroid Excretion

In marked contrast to the unnary excretion of corti-
coids, the excretion of 17-ketosteroids was normal in only
one patient (C. P.) (who incidentally had lost 45 pounds)
and even here the excretion was at the lower limit of nor-
mal  The remaining patients studied had excretions
which ranged from 1.4 to 48 milhgrams per 24 hours
The normal range of values in our laboratory is approvi-
mately 7 to 20 milhigrams for males and 6 to 15 mulligrams
for females.

ACTH-Eosinophil Tests

Total eosinophil counts were done before and four hours
following the mtramuscular injection of 25 milligrams of
ACTH Yith the exception of two patients (M. F. and
L. M.), each of whom had an moperable carcinoma of the
stomach, the total eosinophil count in all patients fell
to 50 per cent or less of the premjection level by the end
of four hours, mdicating an apparently normal reserve of
cortical activity,

Epinephnine-Eosinophil Tests

The total cosinophil count was measured before and
four hours following the ntramuscular njection of 03
milligrams of epinephrme With the exception of one pa-
tient (F D.) the fall m crculating cosinophils was less
than 50 per cent Although these findings could be -
terpreted as indicating that the patients had a reduced
pitwtary-adrenal function, the more rehable tests ind-
cated that adrenocortical function was adequate.

intravenous ACTH Test

In a further study of the adrenocortical reserve in debli-
tated surgical patients, Jabbour and Hardy (Surgical
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Forum, Volume V. W. B Saunders Company, in press)
used the intravenous ACTH test (30) m five apparently
normal subjects awaiting elective hermorrhaphy avnd
fourteen markedly debilitated individuals most of whom
had advanced mahgnancy. In one sixty-eight-year-old
“normal” and 1n one of the chromeally ill subjects there
was no merease 1n the unnary excretion of either cortr-
couds or 17-ketosteroids, presumably ndicatve of a di-
minshed adrenocortical responsiveness. However, both
of these subjects had total eosinophil counts that were
almost at zero during the control period (indicating at
least a degree of adrenocortical activity) and both with-
stood operation without event, A third subject, whose
response to operation only was measured, exhibited no
mcrease m the exeretion of erther corticods or 17-keto-
steroids  Yet, the eosmophil count fell to zero and he
underwent the operation without difficulty Thus, the
total eosinophil count emerges as a useful test, being
apparently a more senstive indicator of mereases in ad-
renocortical actvity than 1s the excretion of corticoids or
17-ketosteroids. Of course, other factors than alterations
m adrenocortical activity may mfluence the total eosino-
phil count

It was concluded that, while a dimimished adrenocorti-
cal response may be observed not uncommenly in chroni-
cally 1l subjects, 1t must be rare that these subjects cannot
survive surgery without hormonal replacement therapy.

General Discussion of Results
The steroid excretion data presented here for cancer
patients, most of whom were at middle age or older, are
not m disagreement with the data for the excretion of
corticords and 17-ketosteroids in semle men and women
reported by Heller and Shipley (100). While the level
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of 17-ketosteroid excretion is usually diminished in the
aged and in states of malnutrition and other chronic dis-
ease, the excretion of corticoids is well maintained except
where disease involves the adrenal cortex itself.

The results which we have obtained concerning the
cosinophil response to the intramuscular injection of
epinephrine indicate a poor correlation between the fall
in the eosinophil count and the functional reserve of the
adrenal corte, if this reserve is accurately reflected mn the
uninary excretion of steroids. Patients with a high level
of corticoid excretion frequently showed less response to
cpinephrme than did those with low corticoid excretion.
Though the number of patients studied here was small,
1t appears reasonable to suspect that the epinephrine-co-
smnophil test 1s of httle value in estimating adrenocortical
reserve, and this suspicion is strengthened by an increas-
ing umber of reports n the hiterature (7, 8,9, 101) In
marked contrast, the ACTH-eosinophil test appears to be
a 1ather rehable measure of the functional reserve of the
adrenal cortex, particularly if the ACTH is administered
mtravenously.



Chapter VI

ADRENOCORTICAL HYPERPLASIA:
CASE REPORT WITH PHYSIO-
LOGIC STUDIES*

r:[‘m: FOLLOWING CASE study serves to introduce the gen-
eral subject of adrenocortical hyperplasia, and 1t em-
phasizes certamn of the problems which may render the
management of this condition difficult

History and Physical Examination

The patient was a fourteen-year-old schoolgirl who
consulted Dr. Hall S, Tacket with the chief complamt
of “nervous spells,” Physical examination revealed a
husky voice, a receding (scalp) hairline, masculine facial
features, absence of breast development, amenorrhea,
male pubic hair escutcheon, purplish strize of the
thighs, a stocky build, and a clitons which was approxi-
mately 3 centimeters x 1.5 centimeters A vagina was
present. Her mother stated that the chitoris had been
enlarging for approximately six years, The patient did
not have hypertenston, and the glucose tolerance curve
and plasma electrolytes were withn normal limits
From these findmgs it appeared leeI) that the correct

is was that of ad tical hyperplasia produc-
g the adrenogenital syndrome, since the long duration
of the physical changes made the presence of tumor
unlikely. Preliminary steroid (Figures

1

*This patient has been studhed mn collaboration with Dr Hall' S Tacket
and the long-range climical results will be reported at a Liter date.

93



94 SURGICAL PHYSIOLOGY OF THE ADRENAL CORTEX

NW LEFY ADRENOCORYICAL HYPERPLASIA

URINARY EXCRETION OF I7-KETOSTEROIDS
HEFSAL AND AFTER GNILATERSL ADMENALECTONY

u
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Figure 26 N C. W Left Adrenocortical Hyperplasta,Unnary
Excretion of 17-ketosteroids before and after Umilateral Adrenal-
ectomy. Before operation the admmstration of 23 milhgrams of
ACTH intramuscularly every six hours produced a nise m the 17-
ketosteroid excretion from 56 milligrams to 67 milligrams  Follow-
ng operation there was a gracdual fall m the level of 17-ketosteroul
excretion to a normal level on the sixth day following that on which
the operation was performed This gradual fall i the level of ex-
cretion probably reflects the reaction of the remaming normal
adrenal to the stimulus of operation  After the analysis of August
seventh revealed that hvpertrophy of the remmming adrenal gland
had occurred and produced a level of ('xcrehon of 17-hetosteronds
of 44 mulligrams pe ~* " ' - s-Taleagwasa
drop to a level of Cor-
tisone was then st¢, | n the
excretion of 17-ketosteroids  Cortisone therapy was then remstituted
and has since been given contiuously but n gradually decreasing
doses until, at the ume of wnting, she 1s receving 23 milhigrams
four times weeklv and a normal level of 17-ketosterord excretion
has been mamtaned  The adrenogemtal syndrome has heen re-
placed by partial fermimzation and with menstruation
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26 and 27) showed that the urinary exeretion of not on-
ly the 17-letosteroids (largely from androgens) but
also the corticoids (largely from ll-oxysterowds) was
elevated, That the excretion of corticoids was in-
creased was not surprising in view of the purplish striae
of the thighs, a feature of Cushing’s syndrome  However,
the increase in the secretion of 1l.oxysteroids, excreted
as corticoids, was not nearly so great as was the increase
in the secretion of androgens, excreted as 17-] l\clostcrmds
and which had produced the ad

with masculinization.

Operation

Under general anesthesia an operation was performed
through a transverse upper abdominal incision. The
ovanes were palpated for and both were present, though
small The uterus was infantile. Both adrenals were
palpated and the nght adrenal seemed to be normal
size. The left adrenal was defimitely enlarged. The in-
asion was therefore extended mto the left subcostal re-
gion, and the Icft adrenal was exposed by retracting the
stomach upward and the tail of the pancreas downward.
Though its normal shape had been preserved, this ad-
renal appeared to be from two to three times normal
size and upon removal weighed 19 (average normal, ap-
proumately 9) grams after the fat had been cut away by
the pathologist (Figure 28)

The transverse mcision was then extended farther into
the right flank, and the nght adrenal was completely
exposed and carefully mspected It was normal or
shghtly less than normal 1 size and, though the operator
was aware that this adrenal might 1 turn hypertrophy,
it was deaided not to resect any of the nght adrenal at
that time.

Dunng and following operation the patient recened
the therapy noted m Figures 26 and 27 The postop-
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URINARY EXCRETION OF CORTICOIOS
BEFORE AND AT TEN UNLATEASL ACAENACEETOUT
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Figure 27 N C W  Left Adrenocortical Hyperplasia, Urinary Lv-
cretion of Corucords before and after Uniateral Adrenalectomy The
admunstration of ACTH 1n a dosage of 25 milligrams intramuscular-
ly every six hours resulted mn a nise in the unmnary excretion of
corticoids from 11 to app 13 before op
However, the stimulus of 100 mllhgrams of ACTH per twenty-four
hours was not nearly so great as that produced by the operation,
since durmg the day in which was peri 1 the
of corticoids rose to 21 milligrams—and this with only one adrenal
remammng Instead of a precipitous fall in the urmary steroid ex
i Pt -

T .
ntr‘ophy often present in the adrenal opposite a functioning tumor

[T
cretion after the admmistration of cortisone was stopped  We have
found that the admumstration of 50 milligrams of cortnone every
stx hours may not increase urmary steroid excretion (seeref., p 113)



ADRENOCORTICAL HYPERPLASIA 97

erative course was essentially uneventful though she
did have a moderate amount of fever, as patients fre-
quently do following the resection of a significant fraction
of the functiomng adrenocortical tissue.

\J\

- Y

Figure 288 N C W Adrenocortical Hyperplasia causing Adreno.
genttal Syndrome  Above 13 shown the exaised left adrenal gland
and below 15 shown a normal adeenal gland obtained from another
patient at autopsy for comparison At the nght 15 shown a piece of
AT - [P e

AUSLIUIUS L L wUg.
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Measurements of Urinary Corticoids and
17-ketosteroids

Steroid Measurements on Admission

The steroid excretion data are presented in Figures
26 and 27. At the time of admission the twenty-four-
hour urinary excretion of corticoids was found to be 12
milligrams and 11 milligrams on two separate occasions
(normal for laboratory, 5 to 8 milbgrams). The twenty-
four-hour excretion of 17-ketosteroids was, however, 60
milligrams and 56 milligrams on two separate occasions
(normal for women, 6 to 14 milligrams per twenty-four
hours). Thus, the preliminary steroid exerction data
were 1 accord with the physical findings in this patient:
The preponderant increase in the elaboration of an-
drogenic compounds excrcted as 17-ketosteroids had
produced features of the adrenogemtal syndrome, in
contradistinction to the features of Cushing’s syndiome
which are usually produced by a prependerant merease
m the elaboration of corticords These syndromes fre-
quently overlap, and at least onc featwe of Cushing's
syndrome was present m this patient (strize )},

Effect of ACTH on Sterowd Excretion Preoperatively
Following the mtramuscular admimstration of 25 milh-
grams of ACTH each six hours, the unmary excretion of
17-ketosteroids mereased from 56 to 67 milligrams and
the corticod excretion increased from 11 milligrams to
13 mulhgrams, per 24 hours Furthermore, while the ad-
minstration of ACTH did effect some mcrease in the
excretion of these steroids, 1t was not surprising that this
amount of ACTH failed to effect a marked increase mn
the presence of adrenocortical hyperplasia (as, we shall
see 1 Chapter VII, 1t did m the presence of a tumor).
The amount of ACTH ad 1 may have
been relatively small 1n the presence of the ncreased
amount of endogenous ACTH which has been demon-
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strated in the blood of patients with adrenocortical hyper-
plasia (23).

Response of the Remaining (Normal] Adrencl to Resection
of the Hypertraphied Adrenal

Following resection of the hyperplastic left adrenal,
the normal right adrenal responded vigorously to the
marked stimulus of the operation Whereas the admin-
istration of ACTH preoperatively had increased the
twenty-four-hour excretion of corticoids only from 11
mlhgrams to 13 milhgrams —and this with the hyper-
plastic adrenal still 1n sitir — the much greater stimulus of
the operation increased the corticoid excretion from 12
mulligrams to 25 miligrams  The high preoperative level
of 17-ketosteraid excretion persisted for two twenty-four-
hour periods following that in which the operation was
performed and then gradually subsided, reaching a nor-
mal level of 5 milligrams per 24 hours on the sixth day
In contrast, studies presented in the next chapter will
show that following the removal of a functioming tumor
(the adrenal opposite which is usually atraphied) ap-
proumately twenty-four to forty-eight hours were re-
auired for the utihzation or excretion of the large amounts
of steroids deposited 1n the tissues i hyperadrenocorti-
asm  The adrenal opposite umlateral adrenocortical
hiyperplasia 1s usually not atropiued.

Steroid Excretion in the 1 diate and Late P
Periods and n the Succeeding Months

In the immediate postoperative period the urinary
excretion of corticords and 17-ketosterords fell to normal
levels (Figures 26 and 27)  Nevertheless, the patient’s
parents were advised that the other adrenal might be-
come hyperplastic and that, in this event, the girl would
be treated with cortisone, which had been shown by Wil-
Mns and his (102) to d h and pro-
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duction, Five weeks following operation the twenty-
four-hour evcretion of 17-ketosteroids had again risen
sharply, indicating that the remaining adrenal gland had
now become hyperplastic. Cortisone therapy was begun
on a schedule of 100 milligrams three times weekly by
intramuseular njection, and, as may be scen in Figure
28, tins was effective 1n 1educing the excretion of 17-
ketosteroids At this point the cortisone therapy was
stopped temporarily, and after two weeks the exeretion
of 17-ketosteroids had risen agamm. Cortisone was re-
sumed and since then the patient has been maintained
on gradually dimmishing doses of cortisone until at the
present writing she receives 25 milligrams four times a
week The suppression of the 17-ketosteroid excretion
has now been effectively mamtamed for a period of
18 months, and fi ion is well ad d  The
breasts have developed, female contours have appeared,
body hair distnbution (mcluding that of the scalp) has
assumed a more femimne pattern, and menstruation has
been established ©

5,nce the manuscript was witten it has become progressively more iffi-

cult

to suppress androgen production with oral cortisone therapy, and

fommization has regressed



Chapter VII

MASCULINIZING ADRENOCORTICAL
CARCINOMA: CASE REPORT WITH
PHYSIOLOGIC STUDIES

rI‘llE ruysicar, physiologie, and chemical changes pro-
duced by functioning tumors of the adrenal cortex are of
importance not only because of the unusual clinical m-
terest attending these conditions, but also because of the
Iight which the study of patients with such tumors sheds
upon the more general aspects of adrenocortical phys-
10logy In the study of a patient with a mascuhmzing ad-
renocortical carcinoma we have sought answers to the
following questions (1) What 15 the relative prepon-
derance of urmary 17-ketosteroids over urinary corticoids
1n a patient whose masculimzing tumor has produced the
adrenogemtal syndrome? (2) Does the preoperative
administration of ACTH mcrease the secretory activity of
an adrenocortical carcinoma® (3) What interval of
time is required to clear the body tissues of the excessive
deposits of steroids, following resection of the tumor? (4)
Does the administration of exogenous ACTH result m the
suppression of the elaboration of endogenous ACTH by
the patient’s own pituitary? (5) Are steroid excretion
studies of value m the subsequent management of a pa-
tient whose functioning carcinoma has been resected?

States of adrenocortical hyperfunction stll present
many therapeutic problems, and thus it is important that
all feasible laboratory data be gathered from patients with
such disorders

10t



Figuie 29 Roentgen Studies, Large Right Adrenocortical Tumor
Upper Left  Roentgen exammation of the chest and diphragm
showing elevation of nght diaphragm with shght displacement of the
heart to the left Upper Right  Intravenous pyelogram showimng de-
pression of the right kidney Lower Left Chalecystogram showing
displacement of the m}[hhdder nto ll'xe left upper qumlmnt‘ Loucer
TR N A R

"' RS, and Bowerman, E P. Am Surgeon, 19 §35, 1953.)
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History and Physical Examination®

The patient was a sleader twenty-sit-year-old marned
woman employed as a medical secretary.  She bad been
well ot} approumetely twe years before admussion
when her menstrual periods had bevome srregular, with
lengthening intervals between perods.  Approumately
one year before admission she had begun to have mter-
mittent epsodes of fever associated with general malase,
backache, pain m the nght fiank, and a sensation of full-
ness in the upper abdomen  Studies at that tme had
fasled to explain her sympioms on the basis of an ine
fective agent These stuckes included complete blood
counts, unnalyses, routme setum agglutination for ty-
phoid groups and for Brucella, heterophile antibody titer,
gross hver function studies, and repented chest roent-
genograms which showed some elevation of the right
leaf of the thaphragm and possible displacement of the
heart to the left  Shonly following these stucies the
febride attacks had subsided, as had the other symptoms,
with the evception that the patient did not again feel
entirely well. A sense of discomfort w the throat had
led to & temsiilectomy 10 August 1951 However, there-
after she conbnued to lack ewergy and from tme to
time was agam aware of a sense of fullness m the epr-
gastnum Her periods ceased entirely i the winter of
1952, and pregnancy was suspected but was ruled ont
Three neeks before admisnon 1o the hospital on May
19, 1952, she again developed fever, assacated with con-
stderable pan in the epigastriam and right Rank At
that time an mtm\enm\s pyelogram, banum enema, up-

per and  chol
were done Al show cd an exiringie masy sxtmted m the
rght upper d of the abd with &

of the surtounding organs { Fagwre 293

¥Thi cate report was publnhed n the Amcricon Surgeon and s here
wpraduced w detugd {103)
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At this pownt the patient was referred to the author
and the following additional findings were elicited: Her
voice sounded shghtly “throaty” to the examiner and in
response to questioning the patient stated that, while she
had noted no particular change in her speaking voice,
she could no longer sing high notes The suprapubie
hair distribution was definitely of the male type, and she
stated that this distribution had developed only durmg
the past six months. During this time she had noted
also an increase in the hair about the nipples and on the
upper lip, though neither of the last two findings was
particularly prominent. Her breasts were small and flat

An abdomnal mass which was palpable in the right
upper quadrant moved downward on deep inspiration,
descending almost to the umbilicus It was firm and
was not tender to palpation or fist percussion  Although
the mass seemed to be adherent to the liver, an indenta-
tion was felt between the two which led the examiner
to suspect that the main portion of the mass was not
liver The mass was wrregular and seemed to be lobu-
lated There was no auscultatory bruit.

The pelvic examination revealed the probable identity
of the mass The chtons was promment, being ap-
proumately 25 centimeters in length A clmical diag-
nosis of masculmzing tumor of the right adrenal cortex
was made.

The laboratory findings substantiated the clinical dhag-
nosis. The twenty-four-hour unnary excretion of total
neutral 17-ketosteroids was 280 milligrams (average nor-
mal value for females, 10 muhgrams) and the excretion
of corticords was 30 milligrams (average normal for
laboratory, 5 to 8 milhgrams) Thus, while the urinary
excretion of both groups of sterods was elevated, the
evcretion of 17-hetosteraxds was enormously and pre-
ponderantly inereased, resulting m almost purcly mas-
cultmzing features (the adrenogenital syndrome) with-
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out such features of Cushing’s syndrome as apparent
obesity, hypertension, striae, and glycosuria. The fast-
ing blood sugar level was 83 milligrams per 100 milli-
Iters The serum carbon diovide combining power was

I'I I l i AB FLNCTIONNG ADRENOCORTICAL CARCRNMA
10 i Rtz o Mo

wra 4 Davs e
Fxgure 30 A B Fi Ad I C , Uninary
of Corticoids before after and upon

Recurrence of Tumor. On admission the patient was exereting 31
milligrams of comcmds per 24 hours, approumately five times the

normal level The of ACTH ly did not
ncrease the elaboration of corhcmds by the tumor, which was

il m the f of rather than 1l-oxv-
steroids  The of ds fell ly to normal
levels duning the twenty-four-] hour period 1 which the operation
was perf d It was dered that this was nd. of partial

atrophy of the opposite adrenal When ACTH was stopped on the
seventeenth day there was a progressive dechine i the exeretion of
corticoids for three davs, followed by higher levels Agan, this was
considered to reflect a partial suppression of the pituitary-adrenal
axis by the administration of cortisone and/or ACTH On September
twelfth the patient returned for a follow-up visit and the level of
excretion of corticoids was found to be 22 mlligrams per 24 hours,
approumately four times the normal level Shortly thereafter
metastases were palpable m the Inver (Mardv, ] D Unnary
steroids 1 adrenocortical tumor Ann Surg, 138 766, 1933 )
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Figure 31 A B Functiomng Adrenocortical Carcmoma, Urmary
Excretion of 17-k ds before R ion, gfter R ion, and
upon Recurrence of Tumor Before operation this twenty-eight-y car-
old female with the adrenogenital syndrome was excreting 280
milhgrams of 17-ketosteroids per 24 hours, approumately twenty-
eight times the normal amount Despite this hugh level of excretion,
h , the ad, of 23 mill of ACTH 1mt: -
larly every six hours resulted m a further mncrease 1 the urmary
excretion of 17-hetosteroxds to 415 milligrams Following removal
of the tumor there was a precipitous fall in the excretion of these
steroid products to a level of 33 milligrams duning the twenty-four-
hour period m which the operation was performed, the surgerv
bemg pleted after only app ly two of the twenty-four
hours had elapsed. This rapid fall reflected partial atrophy of the
adrenal opposite the functiomng adrenocortical carcinoma. When
the ACTH admmistered postoperatively (given to stimulate the
atrophic adrenal to further activity) was stopped on the seventeenth
day of the study, there was a dechne mn the excretion of both cor-
ticods and 17-ketosteroids for the next three days, followed by a
more normal level This was considered mdicative of the faet that
the admumstration of cortisone and or ACTH had resulted m a
parttal temporary suppression of the actvity of the pitwtary-adrenal
axs  When the patient returned for follow up on September twelfth
1t was found that the 17-k 1 excretion had d to 103
milhgrams per 24 hours (Hardy. ] D Urtnary steroids in adreno-
cortical tumor Ann Sur, 138 766, 1933 )
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19 milliequivalents per liter and the serum chloride level
was normal  Preoperative serum sodm and potassium
analyses were lost through a technical mishap. The
fasting total eosinophil count was 58 cells per cubic
millimeter, a value considered to be somewhat low.
The non-protein nitrogen level of blood was normal.
She was prepared for operation with injections of ACTH
(Figures 30 and 31).

Operation

Under endotracheal anesthesia the abdomen was ex-
plored through a right subcostal incision, and an encap-
sulated right adrenal tumar the size of a volleyball was
exposed (Figure 32) The surface of the tumor was
traversed by many laige veins, and 1t was found to be
firmly adherent to the under surface of the right lobe
of the hver, the night leaf of the dhaphragm, the infenor
vena cava, and the upper pole of the nght hidney The
incision was extended both medially and laterally, and
attention was first directed to separating the tumor from
the right kidney. This proved to be relatively simple
once the extremely vascular connections had been di-
vided and the proper cleavage plane 1dentified, which
imolved removing the remal capsule. It was believed
that the inferior adrenal artery, a branch of the renal
artery, had been divided and ligated with the many
other connecting vessels, but this was not the case As
the large tumor was delivered into the wound this vessel
was avulsed from the renal artery, and the defect 1n the
renal artery was closed with No 00000 Deknatel sitk
The tumor was thereafter successively freed from the
diaphragm, hiver, and the vena cava  The vena cava
was densely adherent to the tumor over a distance of
almost § centimeters, and not until 1t had been separated
from the tumor by alternate blunt and sharp dissection
was it possible to visualize, hgate, and divide the large
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Figure 32 Right Adrenocortical Tumor  Thus large tumor had dis-

placed the gallbladder into the left upper quadrant (Hardy, J D,

Alley, F H, Jones, R S., and Bowerman, E P Am Surgcon,
19 837, 1953 )

adrenal vein and the supenior and middle adrenal arteries
A perforation in the tumor capsule the diameter of a finger
tip was produced at the point where the adrenal vem
emerged from the mass to enter the inferior vena cava
Otherwise the encapsulated carcinoma was removed
mtact

The stze of the tumor, together with the extensive and
extremely vascular adhesions, resulted in much venous
oozing along the under surface of the liver and the nght
Jeaf of the diaphragm, and this eventually had to be
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controlled with moist gauze packs until the tumor could
be delvered and better exposure of the bleeding sur-
faces secured ® There were bnef intervals of hypotension
during the operation, but these responded readily to the
rapid infusion of blood. Even after all actively bleeding
points had been ligated it was found impossible to con-
trol with sutures the continuous ooze from the large de-
nuded under surface of the nght Iobe of the liver. Ac-
cordingly, the hver bed was packed with gauze rolls, the
ends of which were brought out through a stab wound
The wound was then closed with No 30 stamnless steel
wire,

Postoperative Management

At the close of the operation, which lasted two hours,
the condition of the patient was judged to be satisfactory.
She had received 50 milligrams of cortisone intramus-
cularly at the time the adrenal vemn was divided, and
she was placed on a postoperative dosage of 50 milli-
grams intramuscularly every six hours. A slow but
contmuous ntravenous drip of § per cent glucose in
085 per cent saline solution was maintained. Five milli-
grams of desowcomcostemne acetate were given mtr’x-

larly, and Ilin was administered p:

tically Adrenocortical extract was not given but was
held 1n ready reserve A close watch was maintained
for a nise in temperature, an unduly rapid pulse, or a
fall m blood pressure, should the appearance of any of
these sigmfy impending adrenal crisis  The urmnary
output was closely followed, and morphine was used
sparmgly for pamn

Seven hours postoperatnvely the rectal temperature

*The dfficulty an secuning adequate exposure of the vascular adhesions
between the tumor and the diaphragm in this case led to the we of the
thoracoabddominal incisien through the eighth wterspace 1 two subse-
quent cases, with complete satsfaction
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had risen to 103" F. (Figure 33). Cold sponging was
begun to control the fever, but two hours later the tem-
perature had increased to 1042° F., where it was to
hover for almost thirty-six hours However, since the
blood pressure was satisfactory and since the urinary out-
put was good, no adrenocortical extract was given at
that time  Forty-two hours following the operation she
expenienced a definite if ill-defined crisis which was

d by fever, apprehension, restl dyspnea
(40 per minute), tachycardia (130 per minute), nausea,
and mild disorientation. Great difficulty was exper-
ienced 1n maintammg the rectal temperaturc below
104° F. despite continuous sponging with a cold alco-
hol-water mixture  The lungs were clear to auscultation
and the blood pressure was 142/70.

The exact etiology of these symptoms was unceitain.
As it was possible that the replacement therapy might
have resulted m an overloading of the circulation, par-
ticularly 1n view of the fact that the blood pressure had
not fallen but had actually risen somewhat, only 10 mlh-
liters of cortical extract were admnistered mtravenously.
Aspiration of the stomach netted only 10 mulliliters of
bile-stmined fluid, but the mtramuscular mjection of pro-
stigmine given for moderate abdominal distention re-
sulted m the passage of a considerable amount of flatus
Whatever therapy was most effective, the symptoms of
nansca and dyspnea presently began to subsule, and the
next morning, almost exactly forty-eight hours after the
operation, a rather sudden profuse sweating was followed
promptly by a fall m rectal temperature from 101 F to
101° F  Thereafter conval pr
fully

The packng was easily withdrawn in stages, and the
patient was allowed to travel to her home 400 miles dis-
tant on the sixteenth postoperative day, After about two
months her breasts enlarged, and the menstrual penods
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Fiuzure 33 Chwmeal Chart Following Resection of Functioning
Adrenocortical Tumar  Four houss followng the transabdonnal
rescetwn of the Jarge tumor shown n Figure 32 the patient’s
temperature spibed to W° F | where o was to remamn for appeans
wmately forty-erght hours despate all therapy. Febnle episodes of

E P, Am Surzeon, 13 540, 1933.)
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resumed  Unfortunately, four months later the urinary
excretion of 17-ketosteroids was again elevated, and she
died soon thereafter of hepatic metastases

Urinary Excretion of 17-ketosteroids and
Corticoids (104)

Preoperative Admission Data

17-ketosteroids (Frgure 31). The carcinoma was one
which was secreting enormous amounts of androgenic
substances, excreted in the urine as 17-ketosteroids.  This
finding established the identity of the nght upper quad-
rant mass in the abdomen, and it explained the masculin-
1zation which had occurred in the preceding months.
The level of 17-ketosteroid excretion (250 mulhgrams)
was approximately twenty-cight times normal.

Corticords.  As is frequently the case, this tumor was
secreting increased amounts not only of androgenie
substances but also of corticmds (1ll-ovysteroids, 21-
carbon atom compounds such as A, B, C, D, E, and F).
In Figure 30 1t may be seen that the patient was excret-
ing 30 mulligrams of these substances each twenty-four
hours (4 to 5 times the normal level). Thus one might
have anticrpated a mived type of chmical and physiologic
picture to accord with the mned pattern of ncreased
steroid excretion found 1n the urine  Actually, however,
so great was the preponderance of the increased andro-
gen production over the ncreased corticoid production
that the physical and physiologre changes were almost
entirely those produced by androgeme sterowds.

ACTH ond the Secretory Actvity of the Tumor

In Figures 30 and 31 1t may be seen that when a dose
of 25 milhgrams of ACTH was admnistered mntramus-
cularly every six hours, beginning three days before the
operation, the urnary cxeretion  of 17-ketosteroids
promptly increased from the previous level of 280 to 415



MASCULNIZING ADRENOCORTICAL CARCINOMA "3

mulhgeams per 24 hours. Yet, the urinary encretion of
corticoids was not affected.  Thercfore, the preoperatne
admimstration of ACTH would appear to have been
of hittle salne in saturating the tissves with: 1oy steroids,
the steroids most deswred to dimimsh the hlelhood of
adrenal crins following resection of & tumor.

The Desaturation of Body Tissues of Sierowds Folfowng
Remuavat of the Tymor

In Figures 30 and 31 1t may be observed that the
urinary excretion of both corticoids and I7-ketosteradls
fell to a normal level withun forty-eight hours following
the operation, despite the sery high level of 17-hctoste-
rord excretion whick had been present immediately be-
fore operativn The patient received 50 mulhigrams of
cortisone tramuscolarly every so. hours for the first
day or so postoperatively, but we and others” have ob-
sened that i normmal subjects this dosage may not
always matenally affect the excretion of corticoids  The
fact that forty-cight hours were required for the steroid
exerction Yo drop to nommal levels folfowing removal
of the tumor 15 in accord with the chnical mmpression
that 1f the patrent has not requred supportive therapy to
prevent enms by the end of forty-eight hours, he usually
will niot reguire elaborate supportive therapy thereafter

Does the Injection of Exogenous ACTH Result in u Diminished
Production of Endogenous ACTH, as Reflected in o
Becraased Adrenacorticol Funchion?

It has often been stated that the admimstration of
ACTH and/or cortisone m effeetive doses results in a
suppression of the usual actraty of the patient’s prtwtary-
adrenal system, and that 1 patients so treated there may

*Rrupp, M A, Englessan £ P, Webh, J B, and Wrenn, H T Meas-
urement of the exereteon of cortisone and varnpound F, wsing the Porter-
Sttt euthod J Cha Endocrnel & Metals, 12 1163, 1952
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occur a period of temporary relative adrenocortical in-
sufficiency following the withdrawal of exogenous ACTH.
Certain evidence presented in Figures 32 and 33 would
appear to support this hypothesis. Following the with-
drawal of ACTH on the tenth postoperative day (the
seventeenth day of observation) the level of excretion
of both corticoids and 17-ketosteroids fell progressively
for three days, followmg wlich both levels returned
simultaneously to relatively normal wvalues. Though
these changes were not great if expressed in absolute
values, they were substantial 1f expressed on a percentage
basis  While the possibility of random variations has
to be considered, the timing and the uniformity of the
downward trend would appear to be of significance. The
data seem to indicate that priturtary-adrenal activity may
have been dimimshed by the administration of ACTH
and/or cortisone.

Steroid Excretion Upon Recurrence of the Adrenal Cercinoma

Five months after operation the patient had begun
to lose her appetite and to feel weak, but at first no
metastases were defimtely palpable  However, the
urinary steroid excretion studies noted 1n Figures 32 and
33 revealed that the excretion of corticoids had agan
risen to 22 milhgrams per 24 hours and the excretion of
17-ketosteroids to 103 mulligrams per 24 hours Soon
hepatic metastases became cvident on physical examina-
tion and several weeks later she died



Chapter VIII

HYPERADRENOCORTICISM
Classification of Types and Differential Diagnosis
Classification

A.N unpersTANDING Of the several types of clmical pic-
tures which may be encountered m patients having ad-
renocortical tumors or hyperplasia 1s faciitated if one
considers the vanous clinical syndromes on the basis of
the specific hormonal imbalances which may produce
them. It has previously been mentioned that the adrenal
cortex 15 comprised of three or more less well-defined
zones These are, agam, the zona glomerulosa or outer
zone, which apparently secretes steroids that influence
flwid metabolism, the zona fasciculata or middle zone,
that may secrete the 11-oxysteroids which chiefly influence
protemn and carbohydrate metabolism; and the zona reti-
cularis or nner zone, which may secrete androgens

In addition, there are adrenocortical estrogens. The
physiologic mmportance of these substances in normal
subjects has yet to be clanfied, but certain adrenocortical
tumors secrete large amounts of these estrogenic sub-
stances which can produce femimization in men Finally,
other adrenocortical hormones are hkely to be identified.

In Figure 34 is presented an outline which shows the
relationships which exist between the several adreno-
cortical hormones and the chmical pictures which are
commonly observed in patients with hyperadrenocorti-

us
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occur a period of temporary relative ad rtical in-
sufficiency following the withdrawal of exogenous ACTH
Certain evidence presented mn Figures 32 and 33 would
appear to support this hypothesis. Following the with-
drawal of ACTH on the tenth postoperative day (the
seventeenth day of observation) the Ievel of exeretion
of both corticords and 17-ketosteroids fell progressively
for three days, following which both levels returned
simultaneously to relatively normal values. Though
these changes were not great if expressed in absolute
values, they were substantial if expressed on 2 percentage
basis  While the possibility of random variations has
to be considered, the tming and the umformuty of the
downward trend would appear to be of sigmficance  The
data scem to indrcate that pituitary-adrenal actiity may
have been d hed by the administration of ACTH
and/or cortisone.

Steroid Excretion Upon Recurrence of the Adrenal Cercinoma

Frie months after aperation the patient had begun
to lose her appetite and to feel weak, but at first no
metastases were  definitely palpable.  However, the
urmary steroid excretion stuches noted in Figures 32 and
33 revealed that the excretion of corticoids had again
risen to 22 milligrams per 24 hours and the excretion of
17-ketosteroids to 105 mlhigrams per 24 hours Soon
hepatic metastases became evident on physical examma-
tion and sesveral weeks later she died
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sexual hair, and hypertension In addition to these strik-
1ng physical findings one may encounter profound altera-
tions i the metabolic processes of electrolytes and water,
and of glucose, fat, and protein Definite pol§cythemia
and hypochloremic, hypokalemic alkalosis may be present,
and an elevated blood sugar and diabetic type of glucose
tolerance curve are frequently observed.

A predommant increase mn the excretion of androgens
1 women or in children results m the adrenogenital syn-
drome, Among the shigmata of masculimzation which ap-
pear in women are ncreased muscular development with
a change in body contour, a bass voice, increased hair
growth which conforms to the male sexual pattern, en-
largement of the clitons, and a loss of hibido. Marked me-
tabolic alterations and arterial hypertension are wsually
not observed in this syndrome.

More common than erther the clear-cut Cushing’s syn-
drome at one estreme, or the adrenogemtal syndrome
at the other extreme, are mived clinical pictures which
result from an mecreased secretion by an adrenal tumor
or hyperplasia of both 11-oxysteroids and androgens It
is in the cases of mxed chnical prctures, particularly when
only one or two of the features of either or both syndromes
are present, that a study of the urinary excretion of ste-
rouds 15 particularly helpful in permitting a defimite diag-
nosis of the pathologic physiology of the adrenocortical
secretory mechamsm  Even so, 1t 1s at times impossible
to demonstrate endocrine dysfunction by the methods
now available

Fmally, one may o 1y f
due almost aI\n}s to the presence of a tumor which 1s se-
creting mereased amounts of estrogens In males the
tumor 15 in the adrenal cortex but m females it may be
situated 1w the ovary  Striking gvnecomastin may be




16 SURGICAL PHYSIOLOGY OF THE ADRENAL CORTEX

cism. Broadly speaking, an increase in the claboration of
11-oxysteroids (compounds E, F, and others) (103, 106)
results in the clinical syndrome which is recognized as
Cushing’s syndrome (107). The more prominent physical
mamfestations of this condition are the buffalo type of
obesity, wasting of the muscles, moon face, purple striae,
generalized hursutism which does not particularly involve

ADRENAL CORTEX

HORMONES
I-OXYSTEROID ANDROGENS ESTROGENS
(E.F.elc )
CUSHING’S SYN VIRILIZATION FEMINIZATION

(Mascubmizotion)
{Adrenogenital Syn )
tPseudohermaphrodism)

MIXED
CLINIGAL
PIGTURES

Figure 31 Hormenes of the Adrenal Cortex The secretion of 11-
oxysteroids 1s approymately the same m men and women, and the
physical and metabohic changes produced by over-production of
these cortisone-lthe hormones are smmlar n the two sexes  An

P tion of and results n ] of the female
but produces httle change n the adult male Precocious develop
ment of the secondary sex characters will be noted 1n male children
and nfants Over-production of estrogens may cause femumization
1n males but would hardly be noticed 1n an adult female, though
precocious development of the secondary sex characters would be
observed m female children  Tlherefoie, the clinieal picture which
s produced by the prod of adrenal h will depend
1pon the type of hormones that are bemng over-produced, the sex

of the patient, and the age of the patient

¥
t
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suggests that the effects of androgen become manifest
after the eleventh or twelfth week of fetal Ife when the
dsfferentiation of the gental duct 15 complete, and before
the &fth month when the normal urethral and vaginal
reletionships are attained At buth the chtaris 15 found
to be hypertrophied bling a hypospadl pems and
15 bound ventrally by fibrous cords evtending backward
from the under surface. By examination with the urethro-
scope or with roentgenograms after !he m)ecnon of lxpxdol
st is usually possible to d

of the urethra with the vagma.

Differentiot Diagnasis of Adrenocoriicat Hyperfunction

The diags and the differential d of hyper-
adrenocerticism may be easy or it may be difficult, i any
gven case  Nexther the mmplelely developed Cushmgs
syndrome nor the letely developed ad;
syndrome 15 easily overlooked At the very feast, the
observer will make a diagnosis of endoerine abnormality
and will suspect adrenocortical dystunction. Howesver, as
with maost chmical condstions, the completely typical pic-
ture of either of these syndromes 1 rarely encountered.
One may be consulted by the patient who has neher
the clear-cut picture of Cushing’s syndrome nor the cleas-
cut pictare of the adrenogental syndrome, but who pre-
sents certain manifestations which wmay be sdentified with
either or both syndromes

A particularly diffenlt diagnostic preblem iy that of
decuhing whether or not the female patient with a mod-
erately increased amount of body bawr actually has ab-
nonmal adrenocortical ot other endacrine acm‘m‘ (111).
The bastc harr pattern of the imdividual 15 genetically de-
termned and persons of different racial extraction vary
widely 1 this sespect. Over and above the genetic in-
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observed in adult males who have this type of adreno-
cortteal tumor (108),

Advancing a step further—and bearing in mind that
cach of fhe three broad types of adrenal hormones has
its specific chemical potentiahties—the clnical picture
which will be produced in a given person will depend not
only upon which of the hormones (11-oxysteroids, andro-
gens, or estrogens) are beng over-produced but also upon
the age of the patient and the sex of the patient. The
variations in adults have been deseribed.  Chuldren with
Cushing’s syndrome may be bizarre httle individuals in-
deed, bemg somewhat stunted mn growth and exhibiting
poor musculature and obesity. The secondary sex char-
acters are not primanly altered.

In children with the adrenogenital syndrome physical
manifestations vary according to the sex of the patient
and the age of onset (109, 110). If adrenal hyperplasia
occurs m the male child prior to birth, macrogenitosomia
precox may be present (precocious development of body
and gemtaha) If the hyperplasia appears after buth,
sexual precocity and acceleiated general body develop-
ment may be observed durmg childhood

If the over-production of androgens by the adrenal
cortices occurs n the female m utero, the condition gives
nse to a rather umform type of female pseudohermaph-
rodism (Wilkins) (109, 110). The patients have ovancs,
and the Mullenian duct system undergoes normal female
development to form fallopuan tubes, uterus and vagina,
while the Wolffian duets disappear  However, the gemtal
duct continues to open mto the urethra, forming a per-
sistent urogcmml sinus as m the male, whereas 1n normal
females the urogemtal sinus develops mto a separate
arethra and vagma which open mto the yvulva. Wilkins
further states that this abnoimality of sex diffcientration
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suggests that the effects of androgen become manifest
after the eleventh or twelfth week of fetal life when the
differentiation of the genital duct is complete, and before
the fifth month when the normal urethral and vaginal
relationships are attained. At birth the clitoris is found
to be hypertrophied, resembling a hypospadial penis and
is bound ventrally by fibrous cords extending backward
from the under surface. By exammation with the urethro-
scope or with roentgenograms after the mjection of lipido!
it is usually possible to d rate the ication
of the urethra with the vagina,

Differential Diagnosis of Adrenacortical Hyperfunchon

The diagnosis and the differential diagnosis of hyper-
adrenocorticism may be easy or it may be difficult, in any
gven case. Neither the completely developed Cushing’s

d nor the pletely developed adrenogenital
syndrome 15 easily overlooked At the very least, the
observer will make a diagnoss of endocrime abnormality
and will suspect adrenocortical dysfunction However, as
with most clinical conditions, the completely typical pic-
ture of either of these synd is rarely ed,
One may be consulted by the patient who has neither
the clear-cut picture of Cushmg’s syndrome nor the clear-
cut picture of the adrenogenital syndrome, but who pre-
sents certain mamfestations which may be identified with
cither or both syndromes

A particularly difficult diagnostic problem is that of
deciding whether or not the female patient with a mod-
crately ncieased amount of body hair actually has ab-
normal adrenocortical or other endocrine activity (111)
The basic hair pattern of the mdividual 1s genetically de-
termined and persons of different racial extraction vary
widely in this respect Over and above the genetic m-
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fluences, however, the amount and distribution of body
hair is influenced also by the 11-oxysteroids, androgens,
and estrogens. Wilkins (109, 110) has made the pomnt
that sexval hair (facial, pubic, and axillary), which is
wnfluenced particularly by androgens and estrogens, should
be considered apart from other body hair.  Body hair
other than sexual hair may be increased by the admins-
tration of large amounts of cortisone. We have seen that
the presence of a high level of circulating androgenic sub-
stances may eventually result in partial baldness, and it
has been reported that in some cases of alopecia areata the
bald area may become covered with hair during cortisone
therapy. It will be recalled that in some respects cortisone
and androgens are physiologic antagonists.

Urinary Steroid Excretion in States of Hyperadrenocorticism

While 1t is true that the abnormal endoerine function is
first suspected on the basis of the history and the physical
exammation, the specific chemical abnormality can best
be identified through the measurement of hormonal break-
down products excreted in the urne. The biochemists
have made tremendous strides in recent years in unravel-
g, the hormonal bases for the various climeal pictures of
cndocrine dysfunction. Although a great many separate
compounds have already been 1dentified 1n the secretions
of the adrenal cortex, for routme surgical purposes 1t has
been cnough to measure the urinary excretion of corti-
coids, 17-k 15 and, Ily, of estrogens.

The measurement of corticoids m the urine may indicate
whether or not the production of Il-oxysteroids 1s in-
creased  Smce these substances come from the adrenal
cortices alone, an increased level of excretion ndicates
adrenocortical hyperfunction, though one cannot know
whether this is due to tumor or to hyperplasia  Further-
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more, the diagnosis of increased adrenocortical activity
does not preclude the possibility that the stimulus for
this increased adrenocortical activity may not be a baso-
phile adenoma of the anterior pitwtary gland. Even so,
almost all workers now agree that the signs and symptoms
and physical changes produced by hypothalamic lesions
or by the basophile adenoma of the pitwtary are due to
the stimulation of the adrenal cortex by ACTH. The
therapeutic implications of this fact are analogous to those
which exist in the surgical management of hyperthy-
roidism Excisional therapy is directed at reducing the
amount of functional adrenocortical tissue

If the excretion of corticoids is increased and the level
of 17-ketosteroid excretion not increased or only slightly
so, the hormonal imbalance which produces Cushing’s
syndrome is present (112). If the urinary excretion of
17-ketosterods (derived chiefly from androgens) is sig-
nificantly elevated in the presence of no elevation or only
shight elevation in the excretion of corticods, the hormonal
imbalance which generally leads to the development of
the adrenogenital syndrome 1s present. However, 1 con-
tradistinction to the near certamnty in Cushing’s syndrome
that to be effective the therapeutic attack must be made
upon the adrenal glands (1n the absence of a rare mis-
placed adrenal rest 1n the ovary), an elevation of the level
of 17-ketosterord excretion may indicate adrenocortical
hyperplasta or adrenocortical tumor, but it may also m-
dicate the presence of an ovarian arrhenoblastoma. Testic-
ular tumors can usually be palpated.

The fractionation of the 17-k nds, where facilities
exst, may be of diagnostic aid  The alpha fraction 1s se-
creted by both the testis and the adrenal cortex, but the
beta fraction is sccreted by only the Jatter Normally
and in hyperplasia, the beta fraction represents only 5 to
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15 per cent of the total excretion, but in the presence of
an adrenal tumor the beta fraction may be greatly -
creased.

If the level of excretion of 17-ketosteroids is elevated
and the patient’s symptoms and physical changes are of
many years duration, then the diagnosis will usually be
that of adrenocortical hyperplasia, rather than adreno-
cortical tumor or ovarian tumor. Occasionally a benign
adrenocortical adenoma may be present for years without
producing marked changes.

The administration of cortisone may be expected to
cause a sharp fall in the level of excretion of 17-ketoste-
rouds if the diagnosis 15 that of adrenocortical hyperplasia;
however, in the presence of adrenocortical tumor (and
probably in the presence of an arrhenoblastoma of the
ovary) the administration of cortisone has not resulted
m a normal level of excrction of 17-ketosteroids in the
cases which have been reported n the hterature (113-
119). This 15 an 1mportant consideration for, as we shall
see, operation upon patients with adrenocortical hyper-
plasia producing the adrenogenital syndrome may not be
necessary and, m fact, may be contraindicated In pa-
tients with adrenocortical hyperplasia which is producing
Cushing’s syndrome, on the other hand, operation will
usually be necessary, even where the diagnosis is not in
doubt, for surgical therapy 1s the only therapy which gives
even moderately satisfactory results at the present time

In wfants and children 1t may be difficult to differentiate
adrenocortical hyperplasta with pseudohermaphrodism
from normal adrenal function with genetic pseudo-
hermaphrodism. Wilkins (110) suggests that if pubic
hair, increased osseous and somatic development, and an
merease in 17-ketosteroid excretion appear after birth,
the diagnosis 15 probably that of adrenocortical hyper-
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plasia with pseudohermaphrodism  1f the enlarged clitoris
together with other signs of abnormal sexual develop-
ment have been present from birth, with no development
of pubic hair or increase in 17-ketosteroid excretion, the
condition is probably due to a genetic defect in sexual de-
velopment. Furthermore, if in such an individual, as
noted previously, the admimistration of cortisone produces
a fall in the excretion of 17-ketosteroids, the condition 1s
probably not duc to tumor and certamly not due to a
malignant tumor. Malignant tumors usually secrete much
greater amounts of androgens than do benign tumors or
hyperplastic adrenals

A lesion which is producing a fenunizing syndrome in
an adult male may be producmg an absolute excess of
estrogens and these can be measured in the urine by the
method of Jailer (120). This method has been found to
afford data that usually compare reasonably well with
those gained by the more tedious biologic assays. These
estrogens are being secreted by the adrenal cortex, and

are usually due to the presence of an adrenocortical tumor
(108, 121).

The Management of Hyperadrenocorticism
Cushing's Syndrome

In addition to Cushing’s classic description (1932) of
the syndrome which now bears his name (107), a perusal
of the almost equally classic contribution of Fuller Al-
bright (37), delivered under the auspices of the Harvey
Society of New York 1n 1943, 1s most informative

Since as noted previously 1t is now agreed that most if
not all the signs and biochemical alterations observed
Cushing’s syndrome are due to over-activity of the ad-
tenal cortex resulting m the elaboration of excessive
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amounts of 11-oxysteroids (122), it is clear that the man-
agement of this condition must be directed toward the
reduction of this hyperactivity. Even should the primary
stimulus be derived from a basophile adenoma of the an-
terior pitmtary gland, hecause of its minute size this lesion
in the pituitary rarely if ever produces pressure symptoms
As naoted, just as the surgeon does not extirpate the pi-
tuitary because of the over-production of the thyroid
stimulating hormone (TSH) which resulted in hyperthy-
roidism, but directs his therapy at reducing the secretion
of thyroxune by excising a portion of the thyroid gland,
so will he dircet his therapy to the adrenal cortex in Cush-
ing’s syndrome

Medical Management of Cushing's Syndrome The
medteal therapy m this condition has not been con-
spicuously successful, but it has shed light upon certain
of the underlying pathologic mechanisms. Smce many of
the abnormal findings m Cushing’s syndrome were con-
sidered to be the result of a deficiency of protem, and
since testosterone propionate was known to be an agent
which stimulated protem synthesis, this compound was
administered to mdividuals with this disease i 1941 by
Albnight (37)  The results were encouraging The
patients went mto positive mtrogen, caleium, and phos-
rhorus balances, and they became stronger and gamed
weight.

In 1949 Bartter, Forbes, Jeffreys, Carroll and Albnght
(123) presented more recent studies concerning the
therapeutic results and probable mode of action of tes-
tosterone propionate n the therapy of Cushing’s syndrome
in females It was concluded that testosterone produces
the beneficial effects of a marked anabohism of protoplasm
and a decrease m 11-oxysteroid secretion by one or more
of the following mechamsms. 1. Inlubition or neutrali-
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with regard to the plasma electrolytes. These workers
noted the persistent tendency toward alkalosis which was
present m addibon to the other charactenstic features
of Cushing’s syndiome. They noted'further that the
disturbances 1 potasstum and other electrolytes which
occurred 1 Cushing’s syndrome were almost exactly op-
posite to those which are observed m Addison’s disease.
It was noted further that the administration of potassium
chlonde produced normal levels of potassium, chlorde,
and carbon dioxide combining power, though the amount
given was much less than the amount of sodium chlonde
which had previously been given in an effort to correct
the conditron.

We now know, of course, that precisely this same pic-
ture can be produced, and commonly is produced, by the
therapeutic admimstration of cortisone or ACTH. It 1s
mportant to provide adequate amounts of potassium
chlonde for patients receivng this therapy.

Surgical Management of Cuslung’s Syndrome. Despite
the beneficial effects of testosterone admmmistration, the
long term results of the medical treatment of this condition
have been disappomting, and during recent years subtotal
or total adrenalectomy has been employed with increasing
frequency 1n adrenocortical hyperplasia producing Cush-
ing’s syndrome (129, 130, 131, 132, 133)  Moreover,
there 15 no test wlich will differentiate an adrenocortical
tumor from adrenocortical hyperplasia in Cushing’s syn-
diome with the degree of certamnty that accompanies the
use of cortisone therapy n distingwishing between a tumor
and hyperplasia in the adrenogemtal syndrome In our
opmion, surgteal exploration 1s justified and mdicated m
patients with Cushing’s syndrome —and in all other m-
stances where the diagnosis is m doubt.

If & tumor 15 encountered that adrenal should be 1e-



126 SURGICAL PHYSIOLOGY OF THE ADRENAL CORTEX

lents per liter, and the serum carbon dioxide combimning
power 41 milliequivalents per hiter.  The patient’s diabetes
was sufficiently severe to require insulin, and hypertension
and osteoporosis with collapsed vertebrae were piesent.
The urninary excretion of corticoids was marhedly elevated.
The intravenous administration of 28 grams of potassium
chlonde (12.9 millicquivalents of potassium per kilogram
per hour) restored the serum clectrolyte pattern and the
electrocardiogram to normal in four hours. Twenty-one
grams of potassium chloride were retained in an eight-
hour period.  Twenty-four hows later the serum potassium
level had declned to 3,72 milliequivalents per liter, and
the carbon diovide combming power was now 315 null-
equivalents per liter. In nine days the serum electrolytes
had returned to the onginal levels. At this point 100 nulli-
grams of testosterone propionate weie given daly for nine
days, and this produced a decline in the serum carbon di-
oxide combimng power from 38.8 to 21 6 milhequivalents
per liter, the serum potassium remaming low (30 mill-
equivalents).

These findings were considered to be consistent with
the view of Willson, Power, and Kepler (127) that the
alkalosis and hypokalenna which are frequently observed
mn Cushing’s syndrome are secondmy to the intracellular
potassium depletion. In a carcfully conducted study
Ehel and Pearson (39) have hkewise presented evidence
which further substantiates the role which hypokalema
and alkalosis play i producing a portion of the picture of
Cushing’s syndrome  The potassum deficit, hypokalenma,
and metabolic atkalosis were corrected by the admmis-
tration of potassium chlonde

Even as carly as 1937 McQuarrie, Johnson and Ziegler
(128) studied a patient with Cushing’s syndrome and
contrasted the findings with those in Addison’s discase
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with regard to the plasma electrolytes. These workers
noted the persistent tendency toward alkalosts which was
present 1 addition to the other characteristic features
of Cushig’s syndrome. They noted'further that the
disturbances n potassium and other electrolytes which
occurred in Cushing’s syndrome were almost exactly op-
posite to those which are observed mn Addison’s disease.
It was noted further that the admunistration of potassium
chlonide produced normal levels of potassium, chloride,
and carbon diouide combining pow er, though the amount
given was much less than the amount of sodium chlonide
which had previously been given i an effort to correct
the condition

We now hnow, of course, that precisely this same pic-
ture can be produced, and commonly 1s produced, by the
therapeutic admumistration of cortisone or ACTH. It is
important to provide udcqunte amounts of potassium
chlonde for patients recewving this therapy.

Surgical Management of Cushing’s Syndrome. Despite
the beneficial effects of test one admunistration, the
long term results of the medical treatment of this condition
have been disappomnting, and during recent 3 ears subtotal
or total adrenalectomy has been employed with increasing
frequency 1n adrenocortical hyperplasia producing Cush-
ing's syndrome (129, 130, 131, 132, 133). Moreover,
there 15 no test which will differentiate an adrenocortical
tumor from adrenocortical hyperplasia m Cushing’s syn-
drome with the degree of certainty that accompanies the
use of cortisone therapy 1n distinguishing between a tumor
and hyperplasia 1n the adrenogenital syndrome In our
opmion, surgical exploration 1s justified and mdicated m
patients with Cushing’s syndrome —and m all other in-
stances where the diagnosis is in doubt

If a tumor 15 encountered that adrenal should be re-
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moved in its entircty, since cortical neoplasms are com-
monly nialignant.

If adrenocortical hypertrophy is encountered, we be-
heve all of ane adrenal and most of the other should be
resccted. The segment of adrenal tissue remaming should
be small, for hypertrophy (hyperplasia) is common even
when only a small segment of gland is left.

The availabibity of cortisone greatly lessens the gravity
of the situation should adrenocortical msufficiency follow
resection and, sice the hormonal imbalance of Cushing’s
syndrome is mcompatible with normal longevity, it s
ol course mandatory that the eacessive production of 11-
oxysteroids be adequately reduced, However, the wniter
15 reluctant to agree with those who advocate bilateral
total adrenalectomy m all patients with adrenocortical
hypertrophy It 15 by no means umpossible, or even un-
likely, that some satisfactory medical treatment will be
discor ered in the not too distant future which will make
it unnccessary to moduce complete absence of adreno-
cortical tissue as a treatment for adrenocortical hyper-
plasia. Conservatism would appear justified

The mortahty which follows the rescction of adrenal
tissue has been greatly 1educed smce the availabihity of
satisfactory replacement therapy  The fmportant pomt 15
that such replacement is readily available, and cach pa-
tient should be treated as if adrenocortical falure were
expected 10 occur  We give ACTH and cortisone pie-
operatively Ve then gn e 50 milligrams of cortisone dur-
ing the operation, and 50 to 100 milligrams mtramuscular-
ly every six hours for forty-eight hours, or until the patient
is obviously out of the danger of acute adrenal msuffi-
ciency. Larger doses of cortisone and, 1 the occasional
patient, adrenocortical eatract also may be required.

After the patient is discharged from the hospital he
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must be followed by a competent physician, The de-
velopment of even a minor upper respuatory snfection
may precipitate adrenocortical insufficiency

The Adrenogenital Syndrome

Medical Management The treatment of this condition,
when it is caused by adrenocortical hyperplasia, has been
much revised m the past few yeass by the studies of
Wilkins and his associates (102, 134, 135), They have
demomtrated that the adnunsstration of cortisone shatply
reduces the unmary excretion of androgens and permts
normal fermmne development of gurls who have thas endo-
cring disarder.  We and others have bad smular results
{135, 137, 138).

Willans' therapy was formulated upon the basis of
sound physiologie reasonmg Costisone was adminstered
to a patient with congenutal adrenal hyperplasia w the
hope that a hormone of this type, if given in guantities
adequate for or greater than the normal needs of the body,
smght suppress the elaborauon of ACTH and thus di-
mumish the effective activity of the zdrenals, mclading
the hypersecreton of androgen  The first patient that
Wilkins and his assoctates treated was 2 {emale pseudo-
hermaphrodite fifteen years of age who had been under
observation for eleven years. In 1841, at the age of six
and one-half years, the left adrenal and a portion of the
nght had been removed by Dr Hugh H Young without
mﬂuenmng the PlUgTCSS\VG vinlization  and hiesutism
The unnary everction of 17-ketasteroids durmg the years
of observation averaged 42 nudhigrams per day  Adnvinis-
tration of cortisone m a dosage of 100 muhgrams dady
for fifteen days caused the 17-ketosteroid levef to falf to
withm normal bonts The urinary estrogens, determined
by the fuorometric method of Jauler (120), followed the
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same pattern as did the 17-ketosteroids in this subject.

Long term cortisone therapy by Wilkins and his asso-
crates (135) has resulted in the development of normal
feminine characteristics m many of the female patients
they have treated who are of age. They advance the
thesis that before treatment is begun the seeretion of both
androgen and estrogen exceeds the normal level. How-
ever, the physiologic effect of estrogen on the sex organs
is prevented by the excessive output of androgen. The
eacessive amounts of adrenal estrogen and androgen m-
Iulnt the secretion of pituitary gonadotrophins (FSH)
so that the ovaries are not stimulated to secrete ovarian
estrogen.  Cortisone therapy inlubits the production of
endogenous ACTH. The decrease of excessive androgen
and estrogen production by the adrenals, resulting from
the suppression of ACTII sceretion, releases the normal
pituttary-ovarian mechanism for the production of ovarian
estiogen, and normal fenumzation occurs,

In the event that normal feminine development does
oceur, the hypertiophied chtons can be amputated at
the time of puberty and a relatively normal vaginal canal
provided, since the vagmal canal 1s present in most of
these patients The clitons may spontancously dunmsh
m size.

On the basis of themr relatively large experience with
cortisone therapy in this condition, Wilkins and his asso-
ciates have suggested the followmg schedule of therapy
If the patient is more than eight years of age, 50 milli-
grams of cortisone per day 1s given and the mtramuscular
route 1s used mtially to ensure absorption  In mfants 25
milhgrams per day is considered adequate  The max-
fmum dectease of I7-ketosterowds should occur within
fve to ten days, after wlich one must decide by trial
what the maintcnance dose is to be  In gencral, if the
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patient 1s greater than eight years of age the maintenance
dose usually 1s approaimately 25 mulhgrams per day, 50
nulligrams every second day, or 75 milligrams every third
day, 15 just as cffective as 25 nulligrams each day. Even
12,5 milhgrams daily may suppress ACTH (and androgen)
production.  Approumately one and one-half to twice as
much cortisone 1s required if the hormone is given orally
than if 1t 1s gwen mtramuscularly, though the oral route
is more convenient after the patient has left the hospital.

The hypertrophy or hyperplasia of the cells secreting
androgens (zona reticularis?) may so encroach upon the
middle and outer zones secreting the 11-oxysterotds as to
produce adrenocortical insufficiency, mamfested by salt
Joss and hypoglycemic attacks (139, 140, 141, 142, 143).

Surgical Manag of the Adrenogemtal Syndrome
If a tumor can be demonstrated by the usual diagnostic
studies, its removal is indicated However, if no tumor
can be demonstrated we believe that a tnal of cortisone
therapy is Justified when the lustory and the physical ex-
amunation ndi that the 1 g cl are
probably due to adrenocortical hyperplasia  In childhood
and n adolescence the history will frequently be helpful
in chiminating the probability of tumor, Moseover, the
level of 17-ketosteroid exciction m a patient with the
adrenogenital syndrome due to hyperplasta will generally
not be much above 50 milligrams per 24 hours, whereas
in the presence of a mahgnant tumor the 17-ketosterowd
eicretion may be well above 100 and, as m the patient re-
ported m Chapter VII, may be more than 200 milhigrams
per 24 hours.

The development of the adrenogemtal syndrome 1 an
adult female should be considered due to a tumor untl
proved otherwise

To summanze, if the urnary excrction of 17-ketoste-
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roids does not decline to normal levels following an ade-
quate course of cortisone, the patient should be explored
with a presumptive diagnosis of a masculinizing tumor.
If a tumor 15 found, it should be removed. A tumor
should be strongly suspected in adults.

At operation the ovanes, tubes, and uterus should al-
ways be exanuned if the meision permits.  Although the
dufticultics with exposure may be considerable in obese
patients, the transverse upper abdominal incision does
pernut exanunation of the pelvic organs as well as both
adrenals. The thoracoabdominal incision is eacellent.

Feminizing Syndromes

Femmizing tumors are rare. While certain ovarian
tumors may produce precocious feminization m young
gitls, comparatively few femimzmg adrenocortical tumors
m males have been reported. The hterature prior to 1948
has been reviewed by Wilkins (144), and Dohan and his
associates (108) have recently reported four additional
cases m which an adrenal tumor was accompanied by an
mereased urmary exciebon of estrogens. In all four
of ther cases a defimte tumor mass was palpable m the
upper abdomen In two of the three male patients defi-
nite gynecomastia was present, and this with other find-
mgs had led to the discovery of the abdominal mass. One
of therr patients way a mddle-aged woman who had an
mereased eacietion of both estrogens and 17-ketosteroids
due to the presence of an adrenocortical carcinoma, The
fourth patient was a male whose habitus was suggestive
of Cushing’s syndiome Though the breasts were fat,
definte breast tissue was not palpable  The excretion of
cstrogens and 17-ketosterords was elevated, but the ex-
cretion of corticords was within normal hmits



Chapter 1X

ADRENALECTOMY YFOR ESSENTIAL
IIYPERTENSION AND FOR MALIGNANT
NEOPLASMS: SURVEY OF
CURRENT STATUS

Adrenalectomy for Essential Hypertension

N RECENT YEARs there has been much mterest in the pos-
sible use of subtotal or total adrenalectomy as a treatment
for benign or essential hypertension  Although it had
long been appreciated that patients with Cushing’s syn-
drome frequently had arterial hypertension and that pa-
tients with Addison’s disease frequently had hypotension,
mn addition to the fact that the admumstration of desoxy-
corticosterone acetate was mnot infrequently associated
with the development of some degree of hypertension,
1t was not unhl adequate replacement therapy became
available in the form of cortisone that it was considered
feasible to explore the possibility of adrenalectomy as a
trcatment for hypertensive disease It was not thought
that the adrenal cortex was the primary source of the
stimulus for hypertension, but 1t was felt that the elmma-
tion in so far as possible of the salt-retaming hypertensive
factors of the adrenal would ameliorate the hypertension
Such a view was mn accord with the clinical experience
that a low salt diet 1s frequently associated with a dechine
m the blood pressure of hypertensive mdividuals.

The feasibility of adrenalectomy as an effective treat-
ment for artenial hypertension has now been studied care-
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fully by Thom and Harrison at the Peter Bent Bngham
Hospital and by Wolferth, Zntel, and their associates at
the Hospital of the University of Pennsylvania. In both
institutions these imvestsgative groups consisted of both
surgeons and internists, and the patients were studied
with great care both chimeally and by various laboratory
methods. In general, the patients selected for adrenal-
ectomy, subtotal or total, were those whose disease had
proved refractory to medical management.  Furthermore,
these individuals usually had existing damage to the
heart, kidneys, or bram.

The experience to date, which has now been consider-
able, would appear to justify the concluston that adrenal-
ectomy offers at best only a moderate hope of sigmficant
and lasting improvement 1 any gien patient More-
over, the patients elected for this type of therapy must be
carefully screened, in that renal failure of a sigmificant de-
gree 15 an absolute contraindication to adrenalectomy
Unfortunately, the patients who need such heroic therapy
most arc frequently those who already have advanced
renal disease  Where marked improvement has followed
adrenalectomy, 1t has appeared to be due 1n large measure
to the sodwm chloride and water dwresis which occurred

Adrenalectomy for Malignant Neopl

Carcinoma of the Breast In 1951 Huggms advanced
adrenalectomy as a treatment for metastatic disease of
the breast, and lus woik to date has recently been sum-
marized and references to the various phases of the work
gwven (J National Cancer Institute, 151, 1954)  In brief,
he found that certam mammary cancers are dependent
upon the adrenocortical hormones for growth. When the
neoplasm 1s adrenal-dependent, bilateral total adrenal-
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cctomy is often followed by regression of the metastases
with re-ossification of the bone defects.  Symptomatic im-
provement with relief of pan may be marked, Unfor-
tunately, only a comparatively. small percentage of mam-
mary carcinomas appear to be adrenal-dependent, and
st has not been possible-to 1dentify preoperatively those
which will regress following adrenalectomy. Neverthe-
less, when the other more established endocrme measures
have been exhausted in patients with advanced metastat-
1c mammary cancer, ilateral total adrenalectomy may
produce considerable improvement .in pethaps a fifth
of the cases. This therapy is of course not curative

Adrenal y for M ic C of the Pros-
tate. In advancing further the pioneer work of Huggins
and Hodges upon the hormonal treatment of cancer of
the prostate using castration and estrogens (Cancer Re-
search, 1.293, 1941) Huggins and Scott proposed and e-
ccuted bilateral adrenalectomy as a treatment for pros-
tatie cancer (Ann. Surg, 122.1031, 1945). Ths treat-
ment was hased upon the logical assumption that
androgens are an activating factor m the growth of
Prostatic cancer and that a portion of the androgens pro-
duced in the male are produced by the adrenal cortices
These studies have recently been summanized (J National
Cancer Institute, 15.1, 1954), and simlar studres by Har-
n1son, Thorn, and Jenkins have also been published (New
England . Med , 248 86, 1953)

Onco agam, this treatment 1s only palhative and 15 used
when other methods less drastic have been exhausted.
In the series reported by Harrison, Thorn, and Jenhins
seven patients were subjected to total adrenal v for
cancer of the prostate  All were suffering from reactivated
carcinoma with recurrent regional and metastatic disease
inspite of previous orcliectomy and continuous cstrogen
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fully by Thorn and Harrison at the Peter Bent Brgham
Hospatal and by Wolferth, Zintel, and their associates at
the Hospital of the University of Pennsylvama, In both
institutions these investigative groups consisted of both
surgeons and ternists, and the patients were studied
with great care both chnically and by various laboratory
methods. In gencral, the patients sclected for adrenal-
cctomy, subtotal or total, were those whose disease had
proved refractory to medical management. Furthermore,
these mdviduals wsually had enisting damage to the
heart, kidneys, or brain,

The expenience to date, which has now been consider-
able, would appear to justify the conclusion that adrenal-
ectomy offers at best only a moderate hope of sigmficant
and lastmg improvement m any given patient More-
over, the patients elected for this type of therapy must be
carefully screened, in that 1enal farlure of 2 significant de-
gree 15 an absolute contraindication to adrenalectomy
Unfortunately, the patients who need such heroie therapy
most are frequently those who alieady have advanced
renal disease.  Where marked improvement has followed
adrenalectomy, 1t has appeared to be due in large measure
to the sodium chloride and water druresis which occuried

Adrenalectomy for Malignant Neoplasms

Carcinoma of the Bieast In 1951 Huggms advanced
adhenalectomy as a tieatment for metastatic disease of
the breast, and s work to date has recently been sum-
marized and references to the vanous phases of the work
gven (J. National Cancer Institute, 15 1, 1954). In bnef,
he found that certam mammary cancers are dependent
upon the adrenocortical houmones for growth  When the
neoplasm is adrenal-dependent, Inlateral total adrenal-



Chapter X

ACTII AND CORTISONE THERAPY

’Em purpose of this discussion is to present a general
summary of the present status of ACTH and cortisone
therapy m conditions with which the surgeon may be
concerned (145, 146, 147). 'The following topics will be
considered:

I General pharmacology

11 Chnical uses and results.
11 Relative and absolute contraindications.
IV. Undesirable side effects and sequelae.

General Pharmacology (148, 149, 150}
Mode of Action

The mechanisms nvolved 1 the therapeutic actions of
cortisone and ACTH remain cobscure, but certain general
statements may be made (148) 1. The honnones do
) or group of dis-
. ns provoked by

. o ’ - by the admuus-
tration of these drugs 2. They do not destroy bacterial
orgamsms or directly neutralize toxins and other mjurious
agents  For example, Kass and others (63) found that
the admustration of ACTH or cortisone m lobar pueu-
moma abolished the symptoms of the patient while per-
mitting the organisms to multiply 1 the blood stream
3 These hormones modify certamn reactions of tissues

137



138 SURGICAL PHYSIOLOGY OF THE ADRENAL CORTEX

therapy for from six months to five years. Four had ves-
cal obstruction with urinary retention {two complete and
two partial). One had complete obstruction of the right
ureter as well. Obstruction of the rectum of two patients
by cancer of the prostate had required colostomy. Six had
extensive osseous metastases with unremitting pain, de-
manding constant sedation and narcosis. In five of these
the pain was completely relieved soon after total adrenal-
cctomy. Furthermore, this improvement persisted after
the cortisone dosage had been reduced to mamtenance
levels. Improvement of appetite conconutantly resulted
mmproved nutrition with a sense of well-being Regres-
sion of pelvie masses with improvement resulted in three
patients and healing of osscous lesions in the spine was
demonstrated in one patient five months after adrenalec-
tomy, performed four years after orchicctomy and the m-
stitution of estrogen therapy. The sudden rehef of pain
after total adrenalectomy has been noted by both Huggins
and Harrison to be the most dramatic result of this form of
therapy.

Further studies of total adrenalectomy wath subsequent
cortisone therapy as a means of treatment of carcinoma of
the prostate will be followed with mterest It should be
agam emphasized that this form of treatment does not
constitute a cure, but it may afford considerable palliation
m some patients when other forms of therapy have been
exhausted.
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retical advantages over sumple cortisone therapy. For
example, there would be less hypofunction of the adrenal
corter when the drug was stopped. Too, cortisone does
not always provide complete replacement of normal
adrenocortical function. In fact, 1 some instances 1t
most certainly does not. However, as mentioned, the use
of cortisone has proved to be more satisfactory because of
its convenience, and the response of vanous diseases to
therapy with cortisone has been approxmately as satis-
factory as that with ACTH. The dosage of cortisone may
be readily adjusted to counteract changes n disease activi-
ty without consideration of the adrenals’ capacity to re-
spond. Furthermore, in contrast to the variable strength
of ACTH preparations, cortisone 1s constant in potency.
Fmally, certam undesirable hormonal side effects occur
less frequently and are easier to control when cortisone is
used, especially salt and water retention, potassium deple-
tion, and arterio-pressor changes.

It should be noted at this pont that compound F (hy-
drocortisone) is preferable to cortisone i certan discase
conditions, particularly m the suppression of synowitis
when given by local mjection. Moreover, 1t now appears
that hydrocortisone may be sigmficantly more potent than
cortisone acctate when admimistered orally. Hydrocorti-
sone 1s available n 100 milligram ampules for intravenous
use m emergencies, and 1n the future this compound (F)
may be preferred to cortisone (E)

The mamtenance dose of cortisone m most conditions
may be as low as 12 5 milligrams per day by mouth. Once
the acute phase of the disease has heen brought under
control, the patient should be maintaned on the lowest
dose of the hormone that will preserve clinical improve-
ment
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to noaious agents. 4. Their effect is usually temporary,
and disease symptoms frequently return when the drugs
are stopped.

Dosage and Administration

Cortisone may be administered inti Jarly or oral-

ly, the latter 10ute being preferable when the patient can
tolerate it. Iydrocortisone is often injected locally mto
the site of disease. The dose of cortisone required when
the drug is given orally is not much greater than that re-
quired for mtramuscular injection, and a dosage com-
monly employed 1s 50 milligrams every six hours for the
first twenty-four to forty-eight hours and then 25 milli-
grams cach six hours thercafter, The dosage of ACTH is 23
milhigrams given intramuscularly cach six hours, or 30
milhgrams every six hours in more urgent cases. As with
cortisone, ACTH should be given n generous amounts
mtially, until a good response has been obtamed, and
then the amounts reduced slowly Unlike cortisone,
ACTH 15 not effective when given orally, sinee 1t 15 in-
activated by the enzymes of the gastrointestinal tract
Because of its conventence, oral cortisone therapy has
proved to be the method of choice when it can be given
by this route.

For maximal effect ACTH may be given intravenously,
as this results in maximal stimulation of the adrenal cor-
tices. Certain patients are resistant to ACTH injected
intramuscularly, probably because of the effect of mtra-
muscular enzymes m neutralizing the hormone (30) The
physiological potency of 20 units of ACTH given intra-
venously 15 stated to be equivalent to apprmuuate]y 200
units given tramuscularly m divided doses

The activation of the total steroid output of the adrenal
cortex with ACTH would appear to provide certain theo-
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mon than has previously been realized. Butterly and his
associates (154) have reported Addison’s disease second-
ary to metastases im olving the adrenal glands. We have
recently observed a case of Waterhouse-Frdenchsen
syndrome which occurred due to septicemia n a patient
with a relatively minor burn wound. Cortisone therapy
was stnikingly effective in this instance, as 1t has been m
sinular cases recently reported m the literature (155, 156.)

Nevertheless, we have encountered relatively few pa-
tients on our active surgical sen ice who appeared to suffer
from defimte adrenocortical madequacy, even of muld
degree. This of course excludes patients with obvious
adrenocortical pathology or who had 1esection of ad-
renal tissue.  Hume and Moore {157), and Cole, Grove,
and Montgomery (158) have reported striking mmprove-
ment in patients who would appear to have had some de-
gree of adrenocortical hypofunction, though these ob-
servers could not be certam that adrenal inadequacy did
actually exst.

Treatment of Adrenocortical Insufficiency. The general
outlines of ACTH and cortisone therapy, of which only
the latter would apply in adrenacortical hypofunction due
to adrenocortical disease, have been given in the section
on pharmacology. It is enough to emphasize here that
1t 1s more often too hittle therapy that is given than too
much, and a mmimum of 200 milhgrams of cortisone per
day should be admunistercd if adrenocortical msufficiency
1s senously suspected in a patient being subjected to
surgcry

Allergic Conditions

The beneficial mfluence of adrenocortical hormones in
a wide vanety of hypersensitive states has been one of
the most ist features

panymg their use
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Clinical Uses of ACTH and Cortisone

Adrenocortical | i Absolute and Relative: Diagnosis

The intiavenous use of ACTH has now provided for
the frst time a rather dependable test of the adrenocorti-
cal reserve (30, 151, 152, 153). In a study of forty-one nor-
mal subjects, the intravenous admimstration of this
amount of ACTH produced an aveiage fall in the total
cosinophil count of 97 per cent (30). Therefore, if the
patient suspected of having relative adrenocortical m-
sufficiency does not exhibit at least a 50 per cent fall i
the total eosmophil count following the eight-hour fu-
sion of 20 units of ACTH, he should receive ACTH or cor-
tsone therapy prior to, during, and following an operative

1

o, ,
but 1f the eosinophil count does not fall 1t should not be
accepted as mdicating adrenocortical madequacy and the
mtavenous ACTH test should be utihzed. Finally, even
mdividuals who exlubit a minimal response to intravenous
ACTH may withstand operation uneventfully (Jabbour
and Hardy, Surgical Forum, vol V).

In patients with Addison’s discase who must be oper-
ated upon and n patients who are bemg subjected to to-
tal adrenalectomy for hypertension or for neoplastic dis-
case, 50 mlligrams of cortisone should be given intra-
muscularly before operation and 50 milligrams (or more,
if required) cach six hours for the first two or three days
postoperatn ely This should be followed by a gradual re-
duction of the dosage until the maintenance dose 1s ar-
nved at  Most patients can eventually be maintained on
23 mulligrams or less of oral cortisone per day.

Relative adrenocortical madequacy may be more com-
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mon than has previously been reahzed  Butterly and his
associates (154) have reported Addison’s disease second-
ary to metastases involving the adrenal glands. We have
recently obsenned a case of Waterhouse-Friderichsen
syndrome which occurred due to septicemia in a patient
with a relatively minor bum wound Cortisone therapy
was stukingly effective in this mstance, as 1t has been m
sumlar cases recently reported in the hiterature (155, 136.)

Nevertheless, we have encountered relatively few pa-
tients on our active surgieal service who appeared to suffer
from definite adrenocortical madequacy, even of mild
degree. This of course excludes patients with obvious
adrenocortical pathology or who had 1esection of ad-
renal tissue.  Hlume and Moore (157}, and Cole, Grove,
and Montgomery (138) have reported striking improve-
ment in patients who would appear to have had some de-
gree of adrenocortical hypofunction, though these ob-
senvers could not be certain that adrenal inadequacy did
actually eust

Treatment of Adrcnocortical Insufficiency The general
outhines of ACTH and cortisone therapy, of which only
the latter would apply 1n adrenacortical hy pofunction due
to adrenocortical disease, have been gnen in the section
on pharmacology It is enough to emphasize here that
1t 15 more often too hitle therapy that 15 given than too
much, and a mimmum of 200 milhigrams of cortisone per
day should be admmstered 1f adrenocortical msufficiency
1s seniously suspected n a patient bemg subjected to
smgcry

Aftergic Conditions

The beneficial influence of adrenocortical hormones n

a wide variety of hypersensitive states has been one of

the most features panymg therr use.
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Asthmatic attacks are commonly relieved, but the funda-
mental pathology is not altered. Exfoliative dermatitis
responds in a most gratifymng way in the author’s evpe-
tience and in that of others (159). Thedos (160) has
used ACTH in the management of jodine sensitivity dur-

ing bronchography.

The Prevention of Adhesions in the Chest, Pericardium,
and Abdomen

The reported data (161, 162, 163, 164) arc in conflict
as regards the efficacy of ACTH and cortisone in the man-
agement and prevention of postoperatne adhesions,
whetlier in the chest or in the abdomen. For this reason
a skeptical attitude seems justified concerning the effec-
tiveness of these hormones i preventing postoperative ad-
hesions m human beings.

toniem Id! 5

Blood Dyscrasias Agl ytosis, Hyp: . P
Thrombocytopenic Purpura, and Acquired Hemolytic Anemia

Agranulocytosis  In 1952 Hart, Wraith, and Mansell
(165) reported the successful use of ACTH m a case of
agranulocytosis due to an amidopyrine dervative Rapid
improvement m the blood and clinical picture appeared
by the thurd day of treatment and complete recovery was
cffected 1n three weeks. More recently the value of
ACTH and cortisone m this condition has been sum-
marized (166) While the use of these hormones in this
serious condition has been defimtelv encouraging, it is
pointed out that with the use of these drugs pemeillin 15
needed more than ever, since under certam circumstances
the admimstration of cortisone may be followed by “spon-
taneous” infections.

Hypersplenism ACTH and cortisone have been cffec-
tive m producmg renissions 1 this condition, though such
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remissions may be only temporary. Myers, Miller and
Bethel (167) reported the use of ACTH m two cases of
splenic neutropenia and rheumatoid asthnitis (Felty’s syn-
drome). ‘The neutropenia was corrected by the daily
admimistration of 100 nulligrams for six days in one pa-
tient and for 10 days in the other patient. The rise in
neutrophils occurred seseral days following the decrease
m the eosinophil count Idiopathie thrombocytopeme
purpura was particularly benefited (see below). Kierman
and Hunter (168) report a similar experience.

Idwpatluc Thrombocytopenic Purpura, Faloon, Greene,
and Lozner (169), and Evans and L (170) have used
ACTH and/or cortisone to study the hemostatic defect in
this condition. The defect appears to be due to an ab-
normal vascular fragility which has been consistently re-
sponsive to adrenocortical steroid mobilization or adminis-
tration  In this condition there 15 also a decreased pro-
duction or an mereased destruction of platelets with poor
clot retraction and poor prothrombin utilization, defects
which are only iregularly corrected by hormone therapy.
Faloon and Ius associates conclude that platelet produc-
tion and vascular resistance may be separately affected by
the hormones

Jacobson and Sohier (171) reported that the adminis-
tration of ACTH and cortisone in three patients with
idiopatlue thrombocy topeme purpura was followed by a
prompt ncrease 1 platelets from purpuric to normal
Ievels and even to abnormally high levels They con-
sidered such therapy especially helpful in acute hemor-
thagic episodes and m preparation for splenectomy
Myers and his associates (172) have also reported the
favorable effect of ACTH and corhisone 1 modifyng the
course of thrombocytopenie purpura and producing
the changes ck 1stic of sp zous remi They
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pomt out that the failure to respond to hormonal therapy
does not preclude a favorable response to splencctomy.
However, patients with incomplete remissions after sple-
nectomy may be benefited by ACTH or cortisone ad-
ministration.

Thus, a most valuable use of these agents may lic in
the treatment of crises and in the preparation of the pa-
tient for splencctomy. Although several renussions way
be obtamed with hormonal therapy, the paticnt eventually
is likely to become refractory to the use of these agents
and then 1t may be difficult to perform a splencctomy
which usually does produce a satisfactory remission and
one which 1s apt to be lasting.

Acquired Hemolytic Anemia. Dameshek, Rosenthal,
and Schwartz (173) have examined the response of this
condition to ACTH, and have observed well-defined re-
missions  Krary and Beck (174) also reported a satss-
factory remission following the use of ACTH and corti-
sone, but eventually the patient iclapsed, as cortisone
therapy was Iess effcctive, and she finally died  Suilar
results have been reported by others  Antchison (175)
reported a patient who exlubited an mitial dramatic im-
provement that was truly Ife saving, but subsequent
courscs of ACTH and cortisone had progressively less
ceffect  Splenectomy, not done during the first 1emission
from cortisone, had to be performed m desperation, and
wound disruption very nearly resulted m death  If sple-
nectomy 1s to be performed, it would scem wise to utiize
hormonal therapy to effect a remission and then to do
the splenectomy promptly (176, 177)

Burns

The carly enthusiasm in some quarters concerning the
efficacy of ACTH and cortisonc m the therapy of burned
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patients has now largely waned. Rakor, Wight, Michel
and Cope (178) carefully evaluated chmcally and ex-
pernmentally the influence of ACTH on the need for fluid
therapy of the burn patient. Their conclusion was that
ACTH does not repair or prevent the abnormal capillary
permeability in burns and they found no reason to alter
present therapy by the addition of ACTH. This statement
is 1 harmony with the views of Evans and Butterfield
(98) and the present wrter concurs. Actually, 1 our
laboratory we have found that the adrenocortical re-
sponse to stress n the burn patient 1s tremendous, and
there is no evidence now available which proves that in the
absence of cortical failure these patients will be matenally
benefited by lugher concentrations of these hormones.

‘'Collagen Diseases™

Rheumatoid Arthritis  'The general effects of ACTH
and cortisone therapy n rheumatoid arthntis are so well
known as to require hittle comment  These agents pro-
duce a remarkable and prompt remission from the symp-
toms and sigas of jount mflammation in a large percentage
of the acute cases. Unfortunately, in most cases there 15
an carly recurrence of the signs and symptoms when
therapy is stopped, and m many cases the discase even-
tually becomes refractory to therapy with these agents
Nevertheless, the availability of these drugs has helped

derably i the devel of a more hopeful out-
look m the management of these patients.

Hollander and Ius associates (179) have reported that
compound F is much more cffective than compound E
(corhisone) m suppressing the synovial inflammation in
theumatord arthmtis when mjected locally mto the jomt
space (180)

Bursitis Orbach (181), and Stemnberg and Roodenburg
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will require such therapy. In the opimon of Hume and
Mooare, the indications for honmonal therapy me best de-
fined by the piocess of climination. Good surgical treat-
ment, both suppoitive and technieal, should precede and
accompany the use of ACTH and cortisone. 1If after
other therapy the patient still has a poor outlook for
swgery or convalescence, one may be justified in giving
cortisone or ACTH. In ow experience, they are rarely re-
quired

The Gastrointestinal Tract, Liver, and Pancreas

Peptic Ulcer. ACTII or cortisone therapy is contra-
indicated in the presence of this condition (190, 191, 192,
193, 194, 195). Perforation and hemorrhage may occur

Ulceratice Colitis and Regional Enteritis  Patients with
ulcerative colitis are frequently dramatically improved by
the admimistration of ACTH or cortisone. Kursner and
Palmer (196) have summanzed their experience as fol.
lows ACTH docs not cure but frequently results in
striking remussions  Though a sinular clinical improve-
ment may occur spontancously, 1t 15 much less rapid than
following hormonal therapy — Relapses are frequent fol-
lowing hormonal therapy, but thus far m their experience
the relapses scem Jess seveie than 1s ordmaritly the case.
The mechamsm of action is unknown. These results are
similar to those reported by others (197, 198, 199, 200,
201).

Certain complications have occurred durmg this thera-
py in ulcerative colitis. Hemorrhage and pesforation of
the colon have been reported and, 1f the patient has been
treated with ACTII as preparation for operation, the
colon may rupture easily on mampulation (202).

Hormonal therapy has been less effective in the manage-
ment of rchona] enteritis than n ulcerative coliis (203)
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Hepantis. Webster (204), and Riskin and his asso-
ciates (205) have reported the use of ACTH and corti-
sone  the management of hepatitis. Defervescence and
symptomatic relief was prompt. Though clincal relapse
occurred m some, the restitution of therapy produced a
rapid remission.

While noting the hopeful nature of these early reports,
an editorial comment m the British Medical Journal (206)
has struck a more conservative note. The lack of con-
trolled studies 1s cited but 1t is concluded that the results,
while not remarkable, do perhaps suggest that these
agents should be tried in patients who are gomng rapidly
downhill It s noted further that these agents do dimmnish
the pruntis in jaundice and that this 1 itself is a worthy
achievement.

Hemorrhagic Pancreatitts. In a reported istance this
condition was dramatically improved following treatment
with cortisone (207) The patient appeared to be dymng
when hormonal therapy was started, but there was suffi-
crent improvement to permit an operation on the third day
(performed on the basis of an erroneous diagnosis of rup-
tured gallbladder with bile pentonitis) Additional expe-
nience will be awaited with mterest

Functioning Mctastatic Carcinoma of the Isles of Lang-
ahans  Following the 1esection of a functioning mahg-
nant islet cell tumor of the pancreas, metastases in the
liver again bepan to nroduce excessive amounts of nsulin

promoting gluconcogenesis and by 11;}’11b|lll1g the p}n’pli-
eral action of msulin  Mason (41) concluded that the
dose of cortisone which was required to prevent severe
hypoglycerma (112 milligrams per 24 hours at the time
the article was wnitten ) made 1t very probable that corti-
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sone acted as an insulm antagonist. The patient had taken
cortisonc continuously for twenty-five wecks and his gen-
eral condition remained satisfactory, within the limita-
tions imposed by the diagnosis of malignancy.

Homografting

Early optimistic reports concerning the value of ACTH
and cortisone in prolonging the life of homografts have
now been largely diseredited (208-215). It 1s generally
agreed that these agents do not prolong the survival of
spht thickness skin homografts in man or in animals. This
is also true of homotransplants of adrenal tissue in dogs,
and one may safely antieipate that it will probably be true
of homografts of all types.

Infections

The use of ACTH and cortisone i the theiapy of surg-
cal nfections 1s a double-edged sword (216-220) In
certamn patients who have overwhelming infections (we
a1e not referrmg here to Waterhouse-Friderichsen syn-
drome) the use of these drugs may act as a block be-
tween the toxic matenals elaborated by the bacterra and
the body cells of the host. In this way the patent may
be provided with a temporary relief from the effects of
the mfection, to allow the body defenses to be organized
and mobihized. Thus, with this aid he may survive where
otherwise he might be overwhelmed by the mfection
This 1s one side of the sword. The other side of the
sword 15 that under certan arcumstances the admnis-
tration of ACTH and cortisone actually mcreases the in-
vasive power of bacteral orgamsms, and it has been
demonstrated that bactena can be passed from animal to
ammal 1 a species which 15 ordinanly resistant to these
organisms, if the animals are concurrently ticated with
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cortisone,  Furthermore, cortisone and ACTH alter the
ability of the host tissues to react to mjurious agents and
a large scale necrosis may be produced without necessary
tissue defensive reaction.

Martin, Schwartz, and Engel (220) have offered the
following statement concerning the use of ACTH and
cortisone therapy in the treatment of hfe-threatening
infections (1) a speafic etiological agent should be
known; (2) specific antibsotic treatment should be avail-
able and chronic hormonal therapy should be avoided,
and (3) adrenal ov crdosage may have a place 1n the treat-
ment of bacterial diseases where short term diminution
of the host response or retardation of toue reactions is
indicated

The mfectious complications of adrenocortical hormone
therapy are a constant threat to 1ts use in all diseases.
The diminution of the host response to infectious agents
is 50 great that the danger associated with treatment is
intensificd by a delayed recognition of the complications

Conditions of the Peripheral Nervous System (221)

Anogenifal Pruntis  Fromer and Smuth (222) have
treated ten patients with severe anogenital pruntis with
ACTH A dramatic subjective and objective improve-
ment was observed after this therapy and this improve-
ment had been sustamed for as long as eleven months at
the time of the reporting  Turrell (223) obtained similar
results but emphasized that ACTH therapy should not re-
place the conventional methods of local medication and
the surgical correction of such lesions as hemorrhoids and
fistula 1n ano. The present consensus 1s that the ACTH
represents a valuable adjunct in the treatment of selected

cases  The local injection of hydrocortisone has also been
effective
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cortisone continuously for twenty-five weeks and his gen-
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split thickness skin homografts in man or in animals. This
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This 1s one side of the swoad The other side of the
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tration of ACTH and cortisone actually mcreases the in-
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anmmal n a speeies which 1s ordmanly resistant to these
organisms, if the animals are concurrently treated with
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Snake Bite  ACTH and cortisone have been reported
to produce dramatic improvement in persons bitten by
poisonous reptiles.

Arachnidism. Maretic (228) has reported that a single
dose of 80 mlligrams of cortisone 1s effective 1n controllng
the signs and symptoms due to the bites of poisonous
spiders, but the author also noted that mtravenous calcium
gluconate is usually effective and 1s less expensive.

Acute Alcohol Poisoming and Delirium Tremens, The
adrenal steroids have proved to be of sigmficant vahue in
the management of acute and cluonic alcohol poisoning,
Felderman and Zucker (229) state that the administra-
tion of ACTH or cortisone aids the patient in recovering
more rapidly from lus mtoxication and makes the re-
quirements for sedation less nigorous The number of
acute psychotic states associated with chronie alcoholism
was dimmished  Fischback, Simmonds and Pollard
(230), in a discussion of the management of delirum
tremens, have contrasted the therapy of the past with the
modern therapy employmg ACTH admimstered mtra-
venously. Tlis use of ACTH has produced marked
mproyvement n this condition  In studying experimental
aleohol poisoning, Lecoq of Panis (231) has found that
these hormones exert an lnhlbllmg action upon the cen-
tral nervous system effects of ethyl aleohol

Since 1t frequently happens that the surgeon must care
for a patient who is acutely ntoxicated, the value of these
agents mn the treatment of acute alcoholic states should be
kept m mind

Thyrotd Diseases

Hyperthyroidism with Crisis  The relationship which
may exist between thyroid activity and adrenocortical
activity in thyroid cusis has previously been mentioned
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The Shoulder-Hand Syndrome, The pamful syndrome
involving the shoulder and hand following acute myo-
cardial infarction has been treated with cortisone by Rus-
sek and his associates (224), They reported seventeen
cases all of which had pieviously had physical therapy,
manipulation, local mjections, and stellate ganglion blocks
without improvement. Cortisone produced complete re-
lief of signs and symptoms m five, marked improvement
in eight, moderate improvement in three, and no signifi-
cant improvement in one The striking feature of this
therapy was the relief of pain m twenty-four to forty-eight
hours. Joint motion was increased and the vasomotor
disturbance and edema were dimimished  The improve-
ment 1 the temperature, color, and psendomotor activity
of the hand was most gratifymg. In the patients who re-
sponded readily there was no recurrence of symptoms
after the drug was discontinued No thromboembohe
phenomena occurred in this series  These authors con-
cluded that cortisone represents a safe and effective means
of treatment m refractory cases of the shoulder-hand
syndrome complicating myocardial infarction.

Herpes Zoster  Several papers have appeared in the
Iiterature concerning ACTII and cortisone therapy m
herpes zoster, and genuine improvement has been re-
ported with this treatment One writer, however, re-
ported the onset of herpes zoster during a course of corti-
sone therapy given for some unrelated condition, though
he felt that the eruption might have been entirely mc1-
dental and not due to the hormone

Toxic Poisoning

Tetanus ACTH and cortisone therapy have had no
substantial effect in the treatment of cases of tetanus (225,

296, 227).
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months, the disappcarance of such symptoms withm two
to three days following the admumistration of ACTH and
cortisone would appear to vahdate the expressed opti-
mism. Occastonal relapses have been reported when
the drugs were discontinued, but the restitution of therapy
was again followed by a relief of symptoms and, moreover,
the second course of therapy usually resulted in a perma-
nent remussion.

Periarteritis Nodosa. Benefical results have been re~
ported following the use of ACTH and cortisone in this
condition (238), but at this time 1t would appear wise to
reserve judgment as to what place these hormones will
eventually have in 1ts management.

Thromboangeitis Obliterans  Jacques (239) has re-
ported 1mprovement n one case following the use of
cortisone  He points out that it would appear that this
hormone is capable of suppressing the acute vascular in-
flammation and probably has potentialities for minimizing
the residual obliterative endartentis

Miscelloneous Condinons

Shock. Howard and DeBakey (240) did not find corti-
sone and vitamin Bia to be of value in diminishing the
mortahty 1 dogs subjected to hemorthagic shock. In a
somewhat dufferent study Halpern, Denacerraf and Briot
(241) found that the blood pressure was better main-
tamed following repeated hemorrhage in adrenalecto-
mized animals maintamed on desoxycorticosterone acetate
and cortisone than n the amumals mamntamed with desoxy-
corticosterone acetate alone  Nevertheless, the consensus
55 that adrenocortical hormones offer hittle 1n the manage-
ment of hemorrhagic shock

Anuria. Moore and O'Donovan (242) have used corti-
sone in the management of acute anunia  Of the four
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The administration of ACTH and cortisone has produced
mmprovement in some cases of thyroid cnisis. Nevertheless,
since this therapy has not been mvariably effective, all
other known measures of therapy should be used mn
treating thyroid storm. The mortahty remains lugh.

Hypercalcemia Associated with Hyperthyroidism. Rose
and Boles (232) have recently directed special attention
to the hypercalcemia which is occasionally present mn hy-
perthyroidism. Smee the hypercalcemia of sarcoidosis has
been treated cﬂcctn'ely with doses of cortisone, the hyper-
calcemia of hyperthyroidism might well also respond to
such therapy. Morcover, we have recently observed tetany
in a patient receiving 400 milhgrams of cortisone daily;
the symptoms subsided following the intravenous adminis-
tration of calcium gluconate.

The Management of Exophthalmus. Kinsell, Partndge
and Foreman (233) have utilized ACTH and cortisone m
the treatment and in the differential diagnosis of malig-
nant exophthalinus  On the basis of nearly two years of
observation in mine patients, they concluded that systemic
ACTH and local or systemic cortisone will favorably
modify “thyrotiopic evophthalmus.” These authors be-
lieve that the beneficial results me perhaps due to the
“lysis” of abnoimal tissue deposited withm the orbit or
to the mhibition of thyrotropin production

In the iited experience of the piesent wnter, ACTH
has had little effect on the exophthalmus associated with
Graves’ disease.

Vascular Diseases

Temporal Arteritis The use of ACTH and cortisone in
this condition has resulted in numerous favorable reports
(234-237). Since when this disease 1s treated by other
methods the symptoms commonly continue for several
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Peptic Ulcer. As noted previously, ACTH and corti-
sone frequently have a deleterious effect upon peptic ul-
cer. Hemorrhage and perforation have occurred in known
ulcers, and new ulcers have been produced

Digbetes Mellitus. Large doses of ACTH and cortisone
have a diabetogenic effect (251), and thus they should
not be used in the presence of diabetes mellitus unless the
benefits to be denved are considered to be Iife-saving

Hypertension, As ACTH and cortisone therapy may
result in the retention of salt and water, these compounds
should be used with caution in the presence of hyper-
tension

Congestive Heart Faillure. The retention of salt and
water which may be caused by the administration of these
bormones would of course be hazardous in the presence
of heart fallure  If these agents are imperatively needed,
they should be used with full realization of the possible
side effects, which might result in a further deterioration
of the state of cardiac compensation.

Cushing’s Syndrome  The admmistration of ACTH and
cortisone, especially 1f prolonged, could aggravate the me-
tabolic alterations present m Cushing’s syndiome, since
an excess of 11-onysteroids is present already

Pregnancy There is some evidence which mdicates
that the admimstration of ACTH and cortisone durmng
pregnancy may result in harm to the fetus DeCosta and
Abelman’ (252) found that cortisone interfered with
pregnancy m the rabbit Cortisone apparently did not
interfere with pregnancy in the human being, and these
workers concluded that cortisone rmght safely be admm-
istered to pregnant women when necessary. However,
the findings of Guilbeau (233) furnished suggestive evi-
dence that the admuustration of these agents early in
pregnancy might result in fetal anomalies Therefore, at

[N
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cases treated, three recovered. However, it was this
writer’s impression that the three patients who recovered
might well have recovered without the benefit of corti-
sone therapy. Since spontancous recovery 1s frequent,
the use of cortisone in these cases seems inconclusive.
Further studies of this nature will be required before it
can be stated positively that cortisone offers significant
aid in the management of this condition.

Thymic Masses. Soffer, Gabrilove and Wolf (243)
have used ACTH in the management of thymic masses
Five patients with an enlarged thymus were treated by
the intramuscular administration of this hormone In
two patients the mass was due to tumor, in one of whom
the tumor was malignant. In one patient with a thymoma
the reduction 1n the size of the mass and n the size of the
metastases was striking, However, m one patient with
thymic enlargement, the etiology of which was not diag-
nosed, there was a rapid mcrease in the size of the gland
after four days of therapy. At present, therefore, 1t
would appear wisc to explore undiagnosed thymie masses
surgically A trial of ACTII or cortisone therapy may be
mndicated for the temporary relicf of respiratory obstrue-
tion due to thymic cnlargement,

Keloids A number of reports have now appeared con-
cerning the role of cortisone in the management of keloid
formation. The use of this compound has been of hitle

ad (244)

Relative and Absolute Contraindications to the Use
of ACTH and Cortisone Therapy
Tuberculosis. The use of ACTH and cortisone n the
presence of tuberculosis may result in a spread of the
disease (245-2350).
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Hypertension. As ACTH and cortisone therapy may
result in the retention of salt and water, these compounds
should be used with caution in the presence of hyper-
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Congestive Heart Failure The retention of salt and
water which may be caused by the administration of these
hormones would of course be hazardous in the presence
of heart failure If these agents are imperatn cly needed,
they should be used with full reahization of the possible
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Cushing’s Synd The adi ration of ACTH and
cortisone, especially if prolonged, could aggravate the me-
tabolic alterations present m Cushing’s syndrome, since
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Pregnancy in the rabbit  Cortisone apparently did not
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-
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thus time these drugs should probably be avoided in preg-
nancy whenever possible (254).

Psychotics and Psychopathic Personalities. 1t is not
uncommon for a patient to develop a psychotic episode
while receiving ACTH or cortisone therapy. Moreover,
occasionally a psychotic patient may become lucid duning
therapy with ACTH and cortisone, only to relapse nto the
psychotic state after these drugs are discontinued. Since
these agents are not curative in the presence of psychoses,
conservatism 15 indicated regarding their use in patients
with a tendency toward severe personality disorders.

Side Effects and Possible Undesirable Sequelae of
ACTH and Cortisone Therapy

Cushing’s Syndrome  Sprague and his associates (255)
have reported the appearance of Cushing’s syndrome fol-
lowing prolonged ACTH and cortisone therapy. Among
the features which developed were rounding of the facial
contours, hnsutism, acne, keratosis pilaris, muscular weak-
ness, edema, amenorrhea, cutancous strine, mental de-
pression, impaiied carbohydrate tolerance, negative nitro-
gen balance, an mcreased excretion of corticoids, and
hypoehloremie, hypopotassemic alkalosis, The appearance
of any of these findings should be watched for in patients
recewving hormonal therapy.

Iatrogenic Adrenal Insufficiency. Many studies have
indicated that followmg a prolonged course of ACTH
and/ar cortisone therapy there occurs a greater or lesser
degree of functional atrophy of the pitwitary-adrenal sys-
tem (256-259). This is more likely to occur following
cortisone than ACTH  When such patients are subjected
to operation they may go mto relative adrenocortical fail-
ure. Thus, when a patient has been on these hormones for
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a prolonged period before operation this therapy should
be restarted immediately before operation and continued
well into the postoperative period.

Protein Shock. Wilson (260) has reported the occur-
rence of anaphylactoid shock m two patients following
the mtravenous admmmstration of ACTH. These reac-
tious developed gradually and were maximal forty-five
munutes after the mfusion was stopped. However, such
reactions must be extremely rare.

Spontancous Infections during ACTH and Cortisone
Therapy. The work of Mogabgab and Thomas (261) has
previously been cited.  Over-treatment with ACTH and
cortisone may dimmish the body’s normal defenses to the
point that bacteria ordinarily not mvasive may become so

Hepatomegaly with Fatty Infiltration  Steinberg, Webb
and Rafsky (262) have reported the development of this
condition following cortisone therapy. Nevertheless, such
reports lave not been frequent and additional evidence
1s needed before this can be listed as a common comph-
cation of ACTII and cortisone therapy

Retardation of Wound IHealing. ‘This possibility, at-
tendant upon the admimstration of ACTH and cortisone,
has been discussed earher (263-265). Most patients
manage to heal their wounds satisfactorily even when on
cortisone therapy.

In an expenimental study of the regeneration of skeletal
muscle, Sissons and Hadfeld (266) found evidence that,
while the beginning of regeneration of this tissue was
retarded by cortisone therapy, the ultimate course of the
repair process and the integrity of the ultimate wound
healing w ere not seriously impaired

Muller, Spencer and List (267) found no deleterious
cffect of cortisone on the healing of wounds of the cardio-
vascular system.
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Shepanek (268), and Sissons and Hadfield (269)
studied the influence of cortisone on the repair of ex-
penmental fractures. These workers found evidence that
this hormone did inlubit the formation and maturation
of callus, and that the epiphyses closed prematurely. Ina
single patient, Teicher and Nelson (270) have reported
osteoporosis and pathological fractures following treat-
ment with ACTH or cortisone. Patients with Cushing’s
syndrome often present evidence of osteoporosis and may
occasonally suffer spontancous fractures.

Thrombo-embolic Complications. Cosgriff (271) has
studied 700 patients treated with cortisone or ACTH.
In 28 of these patients there were 40 episodes of thrombo-
embolic disease wluch developed during or shortly after
the hormonal therapy. These vascular complications, to-
gether with the observations of hypercoagulability of the
blood known to be associated with the admmistration of
these compounds, mdicate that the possibility of thrombo-
embolic phenomena should be borne m mind

The Ameclioriation of the Undesirable Metabolic and
Clinical Effects of ACTH and Cortisone. Greeman, Wei-
gand and Danowsk: (272) have used oral cation exchange
1esins 1 patients recerving cortisone or ACTH with a view
to mimimizing the dera of electrolytes which com-
monly occurs during such therapy. However, the use of
the carboaylic type of exchange resin, with equal parts
of hydiogen and potassium forms, did mot prevent the
development of alkalosts or hypochloremia  The release
of potassium from the ingested resn did produce some
merease m the amount of assimilated potassium, but it
did not prevent the development of hypocalemia in four
of five patients.

Kunsell, Partridge, Bolng and Margen (273} also have
attempted to modify the undesirable side effects of ACTIT
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and cortisone. Protein hypercatabolism results in acute
ulcer penetration and perforation, duminished wound heal-
ing, decreased localization of wfection, muscular weak-
ness, osteop is, and dizbetog The retention of
sodwm and water results jn edema, hypertension, and
possibly mental derangement. The depletion of potas-
sium results in museular weakness and possible msuhin re-
sistance and mental derangement. To duniush these il
effects the authors suggest that the sodwm intake be re-
stricted to Jess than 100 to 300 nulbgrams per day and
that adequate potassium supplementabion be given m
amounts of 20 grams or more of potassium chiloride by
mouth per day, 1In pauents with a tendency to the for-
mation of pephic ulcer, large amounts of antactds should
be given. Intensive protein therapy should be admins-
tered to increase the antibodics in patients with infection,
and antibiotics should also be gnen. To dumush the de-
caleification of the bones, testosterone plus calcium and
vitamin D should be adnumistered These worhkers em-
phasize that if a diet high in protein and potasstum, ade-
yuate in calories, and low m carbohydrate and sodm 15
given, many of the undesirable effects of ACTH and cor-
tisone therapy will be avoided (27:4)




160 SURGICAL PHYSIOLOGY OF THE ADRENAL CORTEX

Shepanek (268), and Sissons and Hadfield (269)
studied the nflucnce of cortisone on the repair of ex-
perimental fractures. These workers found evidence that
this hormone did mhubit the formation and maturation
of callus, and that the cpiphyses closed prematurely. In 2
single patient, Teicher and Nelson (270) have reported
osteoporosis and pathological fractures following treat-
ment with ACTH or cortisone. Patients with Cushmg’s
syndrome often present evidence of osteoporosis and may
occasionally suffer spontancous fractures.

Thrombo-embolic Complications. Cosgniff (271) has
stuched 700 patients treated with cortisone or ACTH.
In 28 of these patients there were 40 episodes of thrombo-
embolic discase wihieh developed during or shortly after
the hormonal therapy. These vascular compheations, to-
gether with the observations of hypercoagulability of the
blood known to be associated with the administration of
thesc compounds, indicate that the possibility of thrombo-
embolic phenomena should be bomne in mind.

The Amclioriation of the Undesirable Metabolic and
Clinical Effects of ACTH and Cortisone  Greeman, Wei-
gand and Danowski (272) have used oral cation exchange
resins in patients 1ecetving cortisone or ACTH with a view
to minimuzing the derangement of electrolytes which com-
monly occurs during such therapy  However, the use of
the carboxylic type of exchange resm, with equal parts
of hydrogen and potassium forms, did not prevent the
development of alkalosts or hypochloremia  The release
of potassium from the mgested 1esin did produce some
increase in the amount of assimulated potassium, but 1t
did not prevent the development of hypocalemia in four
of five patients.

Kusell, Partridge, Boling and Margen (273) also have
attempted to modify the undesirable side effects of ACTH



REFERENCES

1. Pontes, . ¥, and Neves, D, P . Adrenal stimulation 1n the dumping
syndrome. Gastrocnterology, 23 431, 1953

2. Long, C N H. Factors regulating the adrenal cortical secretion, m
piturtary-adrenal function A publication of the American Assucla-
tion for the Advancement of Scence, Washington, D C, 1950,

PN

3 Gordon, M L An cvaluation of affcrent nervous impulscs an the
adrenal cortical response to trauma, Ladocrinology, 47 347, 1950

4. Fortier, C  Dual control of adrenocorticotrophun relcase, Endocrin-
alogy, 49 752, 1951,

5. Hume, D, M. The neuro-endocrine respense to mjury, Present
status of the problem. Ann Surg, 138.548, 1953.

8 Recant, L, Hume, D. M, Forsham, P. H, and Thom, G W
Studhes on the offect of ¢pmephnne on the pituitary-adrenocor-
tal system, J Chn Endocrinol, 10 187, 1950

7 Walbon, W Q. Inadequacy of epincpluine as an actnator of the
pitutary-adrenal system  J Chn Endocrinol & Mctal, 13 125,
1953,

8 Sanberg, A, A, Nelson, D H, Palmer, J. G, Samuels, L T, and
Tyler, F. 11, The effects of epmephrine on the metabolnm of
17-hydroxveorticosteroids 1 the human  J. Chn Endocrinel <&
Metab, 13 629, 1953,

9 Bhes, E, I, Rubin, S, and Gibert, T . Effect of adrealin on adrem)
corticat funcuon. J. Chn Lndocrinol, & Metab,, 11 46, 1951

10, Fasrell, G, L, and McCann, S M : Detectable amounts of adreno-
corlicotrophic houmone 0 blood following epmephpne  En-
docnnology, 50 274, 1952

11. Cortisone versus saheylates (Editonal)  Lancet, 2 524, 1952

12 Van Caumenberge, H, and Betz, H. Sahcylates and neur 1
docrine stmulation  Lancet, 1 1083, 1952

13 Halman,  F; ACTH and cortssone versus sahicylates J Clin E:
docrinol & Metab, 12 454, 1932

14, Pasqualm, R Q  Salicylates, antenior pitwitary, adrenals, and eosin-
ophids J Chin Indocrinol & Mctab, 12 1246, 1952,

15 Yletzel, B 5, and Ine, D C.- The effect of salicylates on the
pitutary and suprarenal glands  Lanect, 2 94, 1951

16 Bertolani, F, Lorenzim, R, and Bonati, B - Sahcylates i acute
osteomyeliis Laneet, 154, 1931,

163






REFERENCES 165

3L Corcoran, A, C . Adrenal Cortex 1n hypertension, m pituitary adrenal
function, A publication of the Amenican Assocuation for the
Advancement of Science, Washington, D C, 1951, p 183.

32 Hady, ] D.. Adrenal cortex and postoperative gastrowntestinal
secretions, chncal sigmficance of these effects Surgery, 29 517,
1951,

33 Long, C.N H, Katan, B, and Fry, E G - The adreral cortex and

logy, 26 309, 1940

34 Ingle, D J, Ward, E. O, and Kwzenga, M H* The relationship
of the adrenal glands to changes 1n unnary non-protemn mitrogen
following multiple fractures 1n the force-fed rat Am J. Physiol ,
140 510, 1947.

35 Engel, F L A consideration of the roles of the adrenal cortes and
stress 1 the regulation of protemn metabolism Recent Progress in
THormone Research, 6 277, 1951

36 Sprague, R G Cortisone and ACTH Am J Med, 10 567, 1951

37, Albnght, F + Cushing’s syndrome Harvey Lectures, 38,123, 1942-43

38. Whitney, ] E, and Bennett, L L : Inlubstion of the catabolic effect
of adrenocorticotropic hormone (ACTH) i rats fed a diet high 1n
potassium chlonde. Endocrinology, 50 657, 1952

39 Ehel, L. P, and Pearson, O H The metabolic effects of adreno-
corticotrophsc hormone (ACTH) m a pavent with Cushing’s
syndrome and acromegaly J Chn Endocrinol & Metab, 11913,
1951,

40 Long, C N H The mfluence of the pitvitary and adrenal glands
upon pancreatic diabetes, Medicine, 16 215, 1937.

4l Mason, A § Functioming mahignant slet-cell tumor of pancreas,
primary growth removed, metastases m hver seen Recurrence of
hypermsulinism, treated with cortisone Proc R Soc M, 46 305,
1953

42 Lachance, J, and Page, E . Hormona! factors mfluencing fat deposi-
tion 1 the nterscapular brown adipose tissue of the white Tat
Endoermology, 5257, 1953

43. Gaunt, R, Bume, J H, Boss, W R, Enersole, W §, and Osbom,
G M- The adrenal cortex m water metabolism, 1 piwtary-
adsenal function A publication of the Amencan Assocution for
the A of Science, D C, 1951, p 102

4 Caudmo, M, and Lewitt, M F - Adrenal cortex, body water, and
renal function J Clin Incestigation, 26 1487, 1919

45, Gaunt, R, and Burnse, ] 1 Hormones and body water Charles €
Thomas, Spragfeld, inoss, 1951

46 Dawis, A K, Bass, A C, Ovemman, R R, Hudson, V C, and
Stevenson, E A Comparatwve effects of cortisone and DCA on
tonic balance and flud volumes of normal and adrenalectomized
dogs Am J Physiol, 166 493, 1951




164 SURGICAL PHYSIOLOGY OF THE ADRENAL CORTEX

—

7. Morel, E, llet, M, and Stutinshy, F.: R eosmope-
nques emotionnelles et developpement du cortex surrenal dans Ja
penode post-natale, chez de chien, Compt. rend Soc, biol , Pars,
1451060, 1931

18 Jailer, J WV, et ol . Prtuitary-adrenal relationship in anfants J, Chn.
Endocrinel & Mctab, 11,186, 1951,

19 Venmmg, E H. Adrenal function m the newborn i pitwtary-
adrenal function A publication of the American Assoctation for
the Advancunent of Science, Washington, D C, 1951, p. 149

20 Ingle, D J. Functional interrelationship of the anteror pitwtary
and adrenal cortex  Ann Int, Med , 35 652, 1951,

21 Ingle, D j. Effeccts of admumistering large amounts of cortn on
adrenal cortices of normal and hypophy sectomized rats Am J.
Phystol, 124 369, 1938.

22 Sydnor, K. L, Sayars, G, Brown, H, and Tyler, F. H Prelminary
studies on blood ACTH mn man, J Clin. Endocrinel. & Metab,
13 891, 1953

Sydnor, K L, Kelley, V. C, Rale, R. B, Ely, R S, and Sayers, G
Blood adrenocorticotraplun in chuldren with congemtal adrenal
hypesplasia Proc Soe Lxper. Biol & Mcd, 82 695, 1953

4 Deane, H W, Physiological regulation of the zona glomerulosa of
the rat’s adrenal corten, as revealed by ¢y tochemical observations,
n pitwtary-adrenal function A publication of the Amencan
Associaton for the Advanccment of Science, Washmgton, D C,
1950, p 31

5 Willins, L, Cngler, ] F, Jr, Silverman, § H, Gardner, L I, and
Migeon, C . Further studies on the trcatment of congenital
adrenal hyperplasia with cortisone  HI - The control of hyper-
tension wath cortisone, cte J, Chin Endocninol & Metab , 12 1015,
1952

26, Blachman, § S., Jr Concerning the function and ongm of the
reticular zone of the adrenal cortex  Bull Johns Hophins Hosp,
78 180, 1946

7 Forbes, A I, and Albright, F Companson of 17-ketosteraid x-
cretion m Cushing's syndrome assoctated with adrenal tumor and
with adrenal hyperplasta J Clin Endocrinol, 11 926, 1931

Engel, F L The anterior pituttary and adrenal cortex Ann Rev
Physiol , 15 397, 1953

Ingle, D ] Control of Regencration of the Adrenal Cortex m the
Rat, n Pituitary-Adrenal Function (AAAS, 1949) Battimore,
The Horn-Schafer Company, 1951, p 49

0 Renold, A E, Jenkns, D, Forsham, P H, and Thorn, G W The
use of mtravenous ACTH A study 1n quantitative adrenocortical
stmulation J Cln Endocninol & Metab, 12 763, 1852

1

19

12

ty

19
3

2
3

3



REFERENCES 167

63 Kuss, E. H, Ingbar, S. H, and Findland, M - Effects of ad:enn-
hie hormone 1n Clmcal,
and serological studies. Ann Int. Med, 33 1081, 1950

64 Mogabgab, W T, and Thomas, L+ The effects of cortisone on
expermental mfection with Group A streptococe 1 rabbits Proc
Soc Chn Res, 23.75, 1950

63,

5. Antopol, W, Quittner, H, Gattler, R Dordich, J, and Sophra, L.+

he of after the
of cortisone and ACTH  Bull. Netw York Acad M, 28 540, 1932,

66 Antopol, \WV., and Quitiner, H + The changing pattern of infectious
processes under the mflucnce of cortisone. J. Mount Sinas Hosp ,
1991, 1952

67. The wfluence of hormones on enzymes (Editonal) Ann New York
Acad Sct, 54 Article 4, Dec. 1951,

68 Thom, G. W, Forsham, P H, Prunty, F T G, and Hills, A G
Test for adrenal cortical insufficiency response to pitustary adreno-
corticotropte, 1A M.A, 137 1003, 1948

Gadlowshi, Z. Z The fate of eosmophils i hormenally induced

and 1ts J End 1, 8102, 1932

Padawer, ] and Gordon, A S+ A mechanism for the eosinopenia
nduced by cortisone and by epwnepbnne Endocrinology, 51 52,
1952,

7L Ingle, D. J, Morley, E H, and Nezamus, ] E The work per-

formance of normal rats given continuous mtrayenous fnjections of
costisone and of corticotropm  Endocrinology, 51 487, 1952
. Cuthbertson, D P. Observations on the disturbance of metabolism
produced by mjury to the Lmbs  Quart J Med , 1233, 1932
73 Heard, B D H, and Sobel, H A colonmetric method for the
estumation of reducing steroids J Btol Chem, 165 657, 1946
74 Robbie, W A, and Gibson, R B Rapid cluucal determination of
unnasy 17-ketosteroids § Clin Endocrnol , 3 200, 1913

5 Bonsnes, R W, and Tausshy, H H On calonmetne detcrmination
of creatinine by Jaffe reaction J Brol Chem, 158 581, 1945

White, A, and Dougherty, T F Role of adrenal cortex and thyroid
in mobilization of nitrogen from tissues 1n fasting  Endocrinology,
41 230, 1947

Blount, I C, Jr, and Hardy, ] D Thyrowl function and surgical
trauma, as evaluated Dy iodine convarsion ratie Am J Med
Sci, 224 112, 1952

Goldenberg, Ira S, and Hayes, M A Thyroid Adrenocortical Re-
lationshwps Durng Surgical Contalescence  Fundamental Forum,
1953, Philadelphia, W B Saunders Company, m press

o
£

=1
3

-
G

=1
ES

-
3

=1
Ej



186

4

5

Et

=

49

5

5

X

5

&

57
%

@
I

60

2

SURGICAL PHYSIOLOGY OF THE AGRENAL CORTEX

Dawig, J O, and Howell, D, S : Comparatne eflect of ACTH, cor-
tsone, and DCA on renal function, electrolyte excretron and water
exchange t nonmal dogs  Endocrinolagy, $2.245, 1953

Levatt, M ¥, and Bader, M. E : Effect of cortisone and ACTH on
thad and clectrolyte distrbution i wan Am J. Mcd, 11715,
1931,

Robinson, F. J, Kepler, E. ], and Pomer, M. H.: Two new pro-
cedures to assst an the recograton and exclusion of Addison's
dnease, a prdimmary report. Proe. Staff Meet, Mayo Clhnic,
16.577, 1941

Sartories, O W, Calhoon, D, and Pitts, R. F . Studies on the -
terrelationships of the adrcnal corte and renal ammoma ecretion
of the rat  Lndacrology, 52 256, 1953.

Roberts, K £, and Patts, R F . The mfluence of cortrsone on renal
function and chutrolyte evirction m the adrenatectomized dog
Endocrmnology, 50 51, 1932

2 Cooke, R E, Segar, W. L, Chech, D B, Coulle, F E., and Dar-

row, D € The estrarcnal correction of alkalosis assoiated with
potassium deficiency J Chin Intest, 31 798, 1932

Grad, B The mftucnce of ACTH on the sodium and potassium con-
centration of human mned saliva  J. Clin Endocrinol & Metab,
12 708, 1952

Johnson, H T, Conn, ] W, Tob, ¥, and Coller, F A Pastopera-
ve salt retention and its relation to increased adrenocortical
function Ann Surg, 132 374, 1930

5 Hardy, ] D The role of the adrenal cortex 1n the postoperatise

retention of salt and water  Ann Swrg, 132 189, 1950

Hardy, ] D Relatwmships between fever and sweating, Federation
Proc, 11 84, 1952

Hardy, ] D, and Ravdin, I § Some pliysiologic aspects of surgical
trauma Ann Surg, 136 345, 1952

Strceten, D 1 P, and Ward-McQuaid, } H Relaton of electrolyte
changes and adrenocortical actinaty to paralytic ileus Brie M J.
2587, 1953

Kobson, H N, and Duthnie, T J R Capillary resistance and
adrenocortical actaty  Brit M}, 2971, 1950

Kramar, J, and Sumay-Kramar, M, The cffect of adrenalectomy,
surgical trauma, and cther ancsthesia upon the capullary resistance
of the albino rat  Endocrnology, 52 433, 1933

Hoagland, H  Pitutarv-adrengcortical function i patients with
severe personality disorders, 10 pituttary-adrenal funcuon A
publication of the Amcrican Assocation for the Advancement of
Science, 1951, p 202

Cach, G, and Smith, € Sepsis and cortisone  Nabure, 170 980

1952



REFERENCES 169

93 Perry, W. F', and Gemmell, | P. The effect of surgcal operations
on the excretion of 1odine, corticosteroids, and unc acid  Canad,
1. Research, 27.320, 1949

94 Schoen, I, Strauss, L, and Bay, M. W+ An evaluation of the eosino-
phil count 1n patients undergoing major surgery Surg, Gynec, &
Obst, 96 403, 1953

95. Krupp, M. A, Engleman, E P, Welsh, J. E, and Wrenn, H T
Measurement of the excretion of corisone and compound F, using
the Porter-Silber method, J Chm Endocrinol & Metab , 12 1163,
1952

96 Hardy, . D, Cole, F. H, Gragg, W H, Jr, and Wilson, F C, Jr.
Metabolic reaction to staged operations m man Am J. Physiol,
171 3, 1952 (abstract),

97 Hardy, ] D, and Cole, F. H The metabolic reaction to staged
operations 1 man. Fundamental Forum, 1953. Philadelphia,
W B Saunders Company, p 536

98 Evans, E I, and Butterfield, W J H. The stress response 1n the
severcly bumed Ann Surg, 134 588, 1951

99 Wight, A, Raker, ] W, Memnngton, W R, and Cope, O The ebb
and flow of the eosinophils n the burned patient and therr use
i the chimcal management Ann Surg, 137 175, 1953

100 Meller, A L, and Shipley, R A Endocrme studies n aging J Cln
Endocninol & Metab , 11 943, 1951

10L Meyer, R ]+ Relative of the hypothal
adrenal system to activation by epnephnne J Clin Endocnnal
& Metab, 13 123, 1953

102 Willins, L, Lewss, R A, Klen, R, and Rosemberg, E  The sup-
pression of androgen secretion by cortisone 1n a case of congemtal
adrenal hyperplasia  Bull Johns Hophins Hosp , 86 249, 1950

103 Hardy, ] D, Alley, F H, Jones, R S, and Bowerman, E P
Surgical management of adrenocortical tumors Am  Surgeon,
19 833, 1933

104 Hardy, ] D Unnary steroids m adrenocortical tumor Ann Surg,
138 765, 1953

105, Chistian, J ] The relation of adrenal weight to body weight in
mammals  Science, 117 78, 1953

106 Talbot, N B Physiology of adrenal cortex Peduatrics, 3 519, 1949

167, Cushing, Harvey The basophil adenomas of the pitwtary body and
their chimeal marufestations (pitwitary basophalism) Bull Johns
Hophins Hosp , 50 137, 1932

108 Dohan, F €, Rose, E, Eman, ] W, Richardson, E M, and
Zintel, H Increased urmnary estrogen eacretion assucnted with
adrenal tumors Report of 4 cases J Clin Endocrinol & Metab,
13 415, 1953




168

9

80,

8

oo
3

8

=

o
[t

8

&

o

A

8

@

8

bl

o1,

2

©
51

<

S

SURGICAL PHYSIOLOGY OF THE ADRENAL CORIEX

Hardy, J. D, Rlch:udson, E. M., and Dohan, F. C.: The unnary

of and 17-k ids following major opera-

tions  Correlation wath alhcr aspects of metabolism. Surg, Gynec
& Obst, 96 1, 1953.

Moore, F. D, and Ball, M. R : The Metabolic Response to Surgery.
Spnngfield, Thomas, 1952.

Stevenson, J. A. F, Schenker, V, and Browne, J. 8 L The 17-
Letosteroud excretion in damage and convaleseence. Endocrnology,
35 216, 1944,

Venning, E. H, ]loﬂman M. M, and Browne, J. § L~ The ex-
traction of cort. from human unne
Endocrinology, 35 49, 1944

Venning, E H, and Browne, J. § L : Unnary excretion of adrenal
cortical steroids. Ann. N Y, Acad Sc, 50 627, 1949

Mason, A L, and Engstrom, W. \W.: The 17-hetosteroids thexr
origin, detenmination, and sigmficance. Physiol. Rev, 30321,
1950,

5 Nelson, D H, Samuels, L. T, Willardson, D G, and Tyler, F H:

The levels of 17-hy drocorticosteraids m penipheral blood of human
subgects J Chin Endocninol & Metab, 11 1021, 1931

Nelson, D H, and Samuels, L T. A method for the deternunation
of 17-hydroxycorticosteroids 1n blood  17-hy droay cortrcosterone 1n
the penpheral circulation J Clm Endrocrinol & Mctab, 12 519,
1932,

Danford, P A, and Danford, 11 G : The effect of water and potas-
sium chlonde ingestion on the lesel of unmary 17-ketosterowds m
the rabbit - Endocrinology, 47 139, 1950

Nathanson, I T, Engel, L L, and Kelley, R, M The effect of
androgens on the urnary excretion of hetosteroids, nonketome
alcohols, and estrogens J Chin Endocrinol & Metab, 12 1172,
1952

Mason, H L Detenmunation of 17-ketosteroids ] Clin Endocrinol
& Metab , 13 1009, 1953

Bacchus, H, and Heffer, M H Unnany corticosteroids and 17-
ketosteroids m adrenalectormzed fumale rats treated with corti-
sone and ascorbic aad  Am J Physiol , 173 33, 1953

Shadaksharappa, K, Calloway, N O, Kyle, R H, and Kedton,
R W Excretion of steroidal substances by the adrenal cortex m
vanous diseases J Clin Endocnnol, 11 1383, 1951

Kemgsberg, S, and McGavach, T H  The excretion of 17-keto-
sterords 11 Values 1n several endocrine disturbances J Clin
Endoormol. & Mctab, 12 1551, 1052



REFERENCES ”m

124, Venning, E. H, and Browne, J. §. L.. Effcct of testosterone on the
excrction of glycogeme cortrcords. J. Chn Endocrinol, 7729,
1947,

125 Wilhiams, R H, Hyperadrenocortcism  Am ] Med , 10 612, 1951

126, Teabeaut, R, Engel, F. L., and Taylor, H M. Hypokalemic alka-
losts in Cushing’s syndrome. Olsctvations on the (ffects of potas-
sium chlonide and testosterone (Abstract) J Clin Endocrinol,
9663, 1949,

127, Willson, D, M, Fower, M. H, and Kcplez, E. ] . Alkalosis and low
plasma potasstum tn a case of Cushing’s syndrome [ Chin In-
teshigation, 19 701, 1940

128, McQuarre, I, Johnson, R. M, and Ziegler, \f R Plasma clec-
trolyte disturhance m a patient wath bypercorticoadrenal syn-
drome contrasted with that found m Addison’s disease Endocrin-
olegy, 21.762, 1937.

129 Prestley, J. T, Sprague, R G, Walters, W. and Salass, R M
Subtotal adrenalectomy for Cushing's syndrome, a prelimmary
vegort of 29 cases Ann $urg, 134 464, 1951

138 Walters, W, Subtotal adrenalectomy for Cushing’s syndrome  Arch
Surg, 66 244, 1053

18} Kupperman, H §, Bernstein, A , Forbes, A, Cope, O, and Albright,
F. Remission m Cushing’s syndrome after bilateral hemiadrena-
leetomy. J Clin Endrocrnol. & Metal, 13 154, 1953

132 Rose, E K, Enterhne, H T, Rhoads, ] E, and Rose, E Adrenal
cortrcal hy perfunction 1n chaldhood, report of a case with adreno-
cortical hyperplasia and testicular adrenal rests  Peduatrics, 9 475,

952

133, Gordan, G. S, and Hioman, F, Jr Mortality in surgically treated
adrenocortical tumors II  Review of cases reported for the
20-year penod 1930-1949, nclusne Postgrad Med, 11325,
1952

134, Willans, L, Gardner, L 1, Cngler, ] F, Jr, Siherman, S H, and
Migeon, C ] Further studies on the treatment of congenital
adrenal hyperplasin with cortisone 1 Comparison of oral and
miamusealar adminsstration of cortisone, with a note on the
suppressive action of compounds F and B on the adrenal J Clin
Endocrinal & Metab, 12 257, 1952

135 Wilkns, L, Cragler, ] F,Jr, Sitherman, § H, Gardner, L 1, and
Migeon, C, ] Further studies on the treatment of congenital
adrenal hyperplasia with cortnone 11 The effects of cortisone
on sexual and somatic desclopment, with an hypothesis concern-
ing the mechamism of femimization J Clin Endocrimol & Mctal,
12277, 1952



170 SURGICAL PHYSIOLOGY OF THE ADRENAL CORTEX

109 Wilkins, L+ Hyperadrenocortism, Pediatrics, 3 533, 1949

10. Wdkins, L+ The diagnoss of sexual abnormalives, J. Clin Endo-
crinol. & Metal, 13,369, 1953.

111 Sunpson, S L. Pitustary-adrenal hyperfunction. Proc. Roy Soc
Med, 46 39, 1953,

112 Forbes, &, and Albright, F A companson of the 17-kctosteroid
excretion mn Cushing's syndrome associated with adrenal tumor
and with adrenal hyperplasia. J. Clin Endocrinol & Metab,
11 928, 1931

113 Jader, J W, Louthatt, J, and Cahill, G F: Adrenal vinhsm
(! fe considh and JLAM A, 150575,

1952,

114 Gardner, L I, and Migeon, € ] . Le diagnostic des tumeurs vinli-
santes du cortex surrenalien, effct de la cortisone sur les steroides
unnaires et utihsation d'une methode colanmetnque pour le
d;sago de la dehydrersoandrosterone. Heluet Paediat acta, 6 465,
1951,

113 Venmmg, E H, Pattce, © J, McCall, F., and Browne, J S L
Effect of cortione an the excrction of 17-Letosterords 10 adrenal
tamor § Cha Endocrnol & Metab, 12 1409, 1952

116 Gardner, L I, and Migeon, C J . Unmary dehydraisoandsosterone
1 hyperadrenocorticism nfluence of cortisone, by drocortisone,
and ACTH J Chin Lndocrinol & Metab, 12 1117, 1852

17 Jaler, ] W, Lonchart, J, Gold, J J, and Knowlton, A I The
effcct of cortisone on the unnary eacretion of 17-hetasterowds 10
patients with Cushing’s syndrome  J. Clin Intestigation, 32 449,
1853

118 Effect of cortisone on cacretion of 17-hetosterords m adrenal vinhsm
and sunple lursutism (Editonal)  Lancef, 1 1287, 1952

119 Bastente, P A, Franckson, ] R M, Verbiest, M, Kovacs, L, and
Flamand, C  Cortisone m ad I syad
Lancet, 1 915, 1953

120, Jader, ] W A fluosometnic method for the chnical determtnation
of cstrone and estradial ] Cha Indocrtnol | 8 584, 1948

121 Landaw, R L, Clark, D E, and Stimnel, B Gynecomastia and
retarded sexual development vesalting from a Jong-standing
estrogen-secrcting tumor (Abst )} Chn Endocrinol & Metalr,
12915, 1952

123 Venmng, E H., and Browne, ] § L Excretion of glycogeme
corticords and of 17-ketosterords 1n vanous endocrine and other
disorders J Chn Endorrnol . 779, 1947

123 Bartter, F, C, Forbus, A P, Jeffenes. W M, Carroll. E L, and
Albnght, F The mechamsm of action of testosterone n the
therapy of Cuslung’s syndrome (Abstract) J Cln Endocrinol ,

9 663, 1949




152,

133

REFERENCES 172

Thom, G W., Goctz, F. C, Strecten, D H P, Dingman, J F, and
Arons, W L. Use of intravenous ACTH test mn clinical practice
] Clin. Endocrinol. & Metab, 13 604, 1953

Thors, C. W Measurement of adrenal cortical function { Editorsal)
J. Cln_ Endocrinol. & Metab , 13 614, 1933.

154 Butterly, ] M, Fishman, L, Seckler, J , and Stemberg, H . Addison’s

161.

162,

163

164

disease secondary to metastatic carcinoma of the adrenal glands
Ann Int Med, 37.930, 1952

3 Newman, L. R - Waterhouse-Fridenchsen syndrome Report of cure

effectcd with torisone JAM A, 146 1229, 1951

Nelson, ], and Goldstemn, N Nature of Waterhouse-Fndenchsen
syndrome  [.4 M.A, 146.1193, 1951.

Hume, ID M, and Moore, F D The use of ACTH, cortisone, and
adrenal cortical extracts 1 surgical pabients Second Chmcal
ACTH Confercnce, Edited by Jobn R. Mote, Blakston, 1951,
p 289

Cole, W. H, Grove, W J, and Montgomery, M M Use of ACTH
and cortisone 1n surgery Ann Surg, 137 718, 1953

Koppel, D M Treatment of exfolatne dermatitis with cortisone
U. S Armed Torces M ], 4607, 1953

Thedos, P A Bronck hy 1w sodine ity JAMA,
148 1419, 1952

Schemberg, S R, and Saltzstem, C Eﬂcu of cortisone and

( ACTH) on it dhestons  Arch
Surg, 63 413, 1951

Schewnberg, S R, Saltzsten, H C, and Johnson, & S . The pre-
vention of adhesions 1 the chest and percardium by cortisone
Surgical Forum, Am Coll Surgeons Philadelpha, W B
Saunders Company, 1951, p 531

Odell, R T, Key,] A,and Taylor, L W The prevention of per-
toneal adhesions and the granulomata by cortisone, a prelmmnary
report Surg Forum, Am Coll Surgeons Pluladelphia, W B
Saunders Company, 1951, p 524

Hufay, C A, Meckesser, E C, and Holden, W D The effect of
cortisone on the prevention of pentoneal adhesions  Surg , Gynec
& Obst, 95 65, 1953

Hart, F D, Wrath, D G, and Mansell E ] B Agranulocyosss
successfully treated wath ACTH Brir M ], 11273,4952

Agranulocytosis {Editortal) Bnt M f, 1553, 1933

Meyers, M €, Muller, S, and Bethell, F H  Admimstration of
;\gu n hypersplenc syndrome J Lab & Chin Med, 36 965,




172

136,

137,

138,
139,

14

3

4

=

14

5

14

<)

14

kN

14

o

14

=3

147

149

150

151

SURGICAL PHYSIOLOGY OF THE ADRENAL CORTEX

Gastincau, C F., Logan, B, G, Albcrt, A, and Mason, H L: Use
of cortisone for congenital adrenal hyperplasa mn the male
Report of a case. ], Clin Lndocrmol, & Metab , 13.724, 1953

Kelly, V. C, Ely, R. S, and Rale, R. B: Mctabolie studies m
patients with congemtal adrenal hyperplasta Effects of cortisone
therapy J Cln Endocnnol & Metab.,, 12,1140, 1932,

Hubble, D+ Treatment of the adrenogemtal syndrome with corti-
sone  Lancet, 2 164, 1932,

Zuclzer, W W, and Blum, A, Adrenocortical msufficiency n infants
with the adrenogatal syndrome  J. Pediat, 35 344, 1949

Butler, A M, Ross, R A, and Talbot, N B.. Probable adrenal
msufficiency i an nfant J Pediat, 15 831, 1939,

Douadis, S A Adrenogenital syndrome with insufficiency of the
electrolyte-regulating function of the adrenal cortes. Proc. R Soc
Med , 45 587, 1952

Wlate, F P, and Sutton, L E  Adrenogenital syndrone with as-
sociated episodes of hypoglycemia J Chin Endocrinel & Metab,
11 1395, 1951

Willins, L, Flesschmann, W, and Howard, J E  Macrogemtosomia
precox associated wath hyperplasia of the androgemic tissue of the
adrenal and death from corticoadrenal msuffictency, a case report
Endocrimology, 26 385, 1910

Wilkins, L A fomimzing adrenal tumor causing gynecomastia n a
boy of five years contrasted with a vinlzing tumor 10 a five year-
old gul | Chn Endocrmol, 8 11, 1948

Baxtcr, H, Scluller, C, Wliteside, J I, and Randall, R E  Usc of
ACTH and cortisone m surgery Am [ Surg, 83 374, 1952

Kmsell, L W The chnical apphication of prturtary adrenocortico-
tropic and adrenal sterowd hormones  Ann Int Med, 35615,
1951

Holley, H L, and Riser, W II, Jr The indications and contra-
indications for cortisone and adrenocorticotropie hormone therapy
Am  Practitioner, 3 368, 1952

Boland E D Clinwcal wse of cortisone, hyvdrocortisone and cortr-
cotropm ] A M A, 150 1281, 1052

Pincus, G E F  The dose response 1n man to oral and injected
Lipo-adrenal certical extract ] Chn Endocrinol & Metab,
12 642, 1952

Cochrane, G C, John, ] P, Foreman, N and Kinscll, L W
Evaluation of adrenal sterowds admumastered by different routes
J Chn Endocrinol & Metab, 13 993, 1953

DeMowbray, R R, and Buhop, P M F ACTH 1 dugnosis of
adrenal msufficiency (Thom test) Brit M J, 117,1933



152

=

159

160

18

162

1

B
a8

164

163

166,

187,

REFERENCES 173

Thorn, G W, Goetz, F. C, Strecten, D IL P, Dingm, J. F, and
Arons, W. L : Use of intravenous ACTH test 1n chinical practice
J. Clin Endocrmol & Mutab, 13 604, 1953

Thom, G. W.- Measurcment of adrenal cortical function (Editonal)
} Cln Endocrinel & Mctab , 13 614, 1933,

Butterly, J. M, Fishman, L, Seckler, J, and Stemberg, I Adduson’s
disease sccondary ta metastatic carcinoma of the adrenal glands
Ann, Int, Mal, 37.930, 1932,

3 Newman, L R Waterhouse-Friderichsen syndrome: Report of cure

efected with cortsone  J.4 M A, 1461239, 1951,

Nehon, J, and Goldstem, N + Natusc of Waterhouse-Fridcrichsen
syndrome, JAM A, 146 1193, 1951.

Hume, D M, and Moore, F. D . The use of ACTH, cortisone, and
adrenal cortical eatracts sn surgical patients  Second Clical
ACTIH Confesence, Ecuted by John R. Mote, Blakiston, 1951,
p 289,

Cole, W. H, Grave, W. J, and Montgomery, M M Use of ACTH
and cortisone sn surgery Ann Surg, 137 718, 1053

Koppel, D. M Treatment of eafoliatne dermatitis with cortisone
U. 8. Armed Forces M. J, 4607, 1953

Thedos, P, A, Bronch hy 1a wdine t JAMA.
148 1419, 1952,

Sthonberg, 8. R, and Saltzsten, H. C  Effect of cortisone and
corticotrophin (ACTH) on antra-abdomnal adhesions  Arch
Surg, 63,413, 1951

Schemberg, § R, Saltzsten, H C, and Johnson, A S The pre-
\ention of adhesions 1 the chest and pencardium by cortisone
Surgical Forum, Am Coll Surgeons. Philadelpha, W B
Saunders Company, 1951, p 531

OddL R T, Key, ] A, and Taylor, L. W The prevention of pen-
toneal adhesions and the granulomata by cortisone, a prelunmary
rport Surg Forum, Am Coll Surgeons Philadelphia, W B
Saunders Company, 1051, p 524.

Hufay, C A, Mcchesser, E G, and Holden, W D The effect of
cortisone on the prevention of penitoneal adhesions  Surg , Gynee
& Obst, 96 65, 1933

Hart, F. D, Wrath, D G, and Mansell, £ ] B Agranulacytosis
successfully treated with ACTII B¢ M J, 11273,4952

Agranvlocstoss, (Edtoral) Bt M 1, 1553, 1953

Mesers, M C, Miller, §, and Bethell, F H _Admunsstration of
'1\9‘";:" m hypersplenic syndsome ] Lab & Chin Med, 36 965,

50,




174

168

16

3

17!

172

i
@

=<t
&

)
<]

183

SURGICAL FHYSIOLOGY OF THE ADRENAL CORTEX

Kiermun, P C, and Hunter, O. B, Jr.: The use of ACTH 1n hyper-
splenisiy, Surg, Forum, Am. Coll. Surgeons. Philadelphua, W. B.
Saunders Company, 1951, p. 83,

Faloon, W \V., Greene, R W, and Lozner, E. L : The hemostatic
defect 1 thrombocy topenia as studied by the use of ACTH and
cortisone. Am ] Med, 1312, 1952,

Evans, R. §,, and L, C K.; Effect of corticotraphin on chronic,
severe prumary thrombocytopensc purpura. Arch, Int Med,
88 503, 1931

Jacobson, B. M, and Sohicr, W D : The effects of ACTH and of
cortisone on the platelets in 1diopathic thrombopemc purpura
New England J. Mcd , 246:247, 1952

Meyers, M C, Muller, §, Linpwan, J V., and Bethell, F H. The
use of ACTH and cortisone 1n 1dhopathic thrombocy topeme pur-
pura and idiopathic acquired hemolytic anemia Ann It Med,
37 352, 1932

Damesheh, W, Rosenthal, M C, and Schwartz, L I The treat-
ment of acquired liemolytic ancmia with adrenocorticotrepluc
hormone (ACTH) New England 1. Med , 244 117, 1951

Crary, H T, and Beck, T A * Idiopathie acquired hemoly tic ancrma
treated with ACTH and cortisone  Ann Int Med , 36 1106, 1952

Attchison, J D Hemoly tie ancruia treated by ACTH, cortisone, and
splenectomy Brit M J, 178, 1953

Sacks, Ml S, Warkman, ] B, and Jahn, E F Dugnosis and treat-
ment of acquired hemolytic anemua J A Af A, 150 1556, 1952

Weleh, C S, and Dameshek, W “Emcrgency” splenectomy?
(Editorial}  Surg, Gynee & Obst, 95 521, 1952

Raker, ] W, Waght, 4, Michel, A | D, and Cope, O A chnical
and cxperimental evaluation of the mflucnce of ACTH on the
need for flud therapy of the burned patient Ann Surg , 134 614,
1951

Hollander, I L, Brown, E M, Jr, Jessar, R A, and Brown, C Y
Hydrecortisone and corusone mected into arthnhic  joits
JAMA, 147 1629, 1951

Ebert, R H, and Barclay, W R Changes mn connective tisue
reaction induced by corisone  Ann Int Med, 37 508, 1952

Orbach, E J  Bursitis and mvofasaitis, treatment by local injections
of cortisane a prelumnary report J Internat Coll Surgeons,
1719, 1952

5 Stenberg, C L, and Roodenburg, A 1 Corticotropin (ACTH)

1n the treatment of acute subacromual buratss J A M A, 149 1458,
1852

Orbach, E ] Treatment of bursitis by local mjection of hydro-
cortisone acetate J Internat Coll Surgeons, 18 159, 1952



REFERENCES 175

184. Qugley, T. P., and Renold, A E.: Acute calafic tendinitis and
frozen shouldcr, therr treatment with ACTH New England J
Med, 246 1012, 1952,

163, Stan, I, Stan, R. O, and Beller, M L. ACTH i postmanipulative
phase of frozen shoulder Am J Surg, 85215, 1953,

188. Kuerland, R, R, and Hunes, E. A, Jr: Cortisone and corticotroplun
{ACTH) 1n treatment of sclerodcrma, Arch, Dermat. & Syph,
61349, 1951,

187. Rutchey, S ] The use of cortisone 12 Dupuytren’s contracture. U 5.
Armed Forces | M, 3.811, 1952

158 Brggs, J N, and Ihngworth, R. §  Calainosis unnersalis treated
wath adrenocerticotrophic hormone and cortisone  Lancet, 2 800,
1932,

189 Daw, W I, and Funke, A H. Ostatis pubis treated with cortisone
1. Urol, 69 686, 1953

190 Dawis, T. A., and Zeller, \.: Multiple peptic ulcers with massive
hemorthage during oral cortrsone thtrapy, report of a case.
JAMA, 15031, 1952

191 Habif, D. V, Hare, C C, and Glaser, G H  Perforated duodenal
ulcer associated with pitustary  adrenocorticottopic  hormone
{ACTH) therapy J.A M, 14 996, 1950

192 Dasenpart, H W, and Chavre, VJ The lack of cffect of the
adrenal hormone upon gastne acd secretion  Endocrinology,
47 193, 1950.

193, Gray, S J, Benson, ] A, Jr, and Rerfenstein, R W, Chronic stress
and peptic ulcer I Effect of corticotropin (ACTH) and cor-
Usone on gustric secretion J.A M A, 147 1529, 1951

Higgins, G A, and Ruder, R D Bleeding gastric uker requunng
partal gastrectomy 10 a patient recenng cortisone  Am Surgeon,
19 273, 1953

195 Kirsner, J. B, Klotz, A P, and Palmer, W L Unfavarable course
of gastric ulcer dursng admimstration of ACTH and cortisone
Gastroentcrology, 20 27, 1952

196. Kursner, } B, and Palmer, W L Effect of corticotropn { ACTH)
1w chione ulcerate colitis, obsemations 1w forty patients
JAMA, 47 541, 1951

197, Latkin, M A, and Flannery, M G Surgical experience with cor-
ticotropin 1n uleerative coliis Arch Surg, 66 386, 1933

198 Grv, S. J, Refcnsten, R W, and Benson, J A, Jr ACTH
therapy 1n ulcerative colitis and regional ententts  New England
1 Med, 245 481, 1951

o



204

205.

206

207

o
15

SURGICAL PHYSIOLOGY OF THE ADRENAL CORTEX

Gray, S ], Resfenstan, R. W., Young, J C. G, and Benson, J. A,
Jr.s The use of ACTH in the treatment of ulcerative cobtis and
regional enteatis Second Chineal ACTH Conference, Edited by
John R Mote Philadelphia, Blahuston, 1951, p 473,

Brown, G. M, and MecAuley, ] S.: Cortisone therapy 1a ulcerative
colitis. JAMA, 150 1587, 1952.

Halsted, } A. The effects of ACTH anud cortisone w diseases of the
digestive system. Med Chn North Amenca, p 1069, July, 1932

Tulim, M, Kemn, F, Jr, and Almy, T P - Perforation of bowel dur-
g treatment of ulcerative colitis, report of three cases JAMA,
150.559, 1952.

Sauer, W G, Grown, P W, and Deaning, W. H,, Eaperiences with
the use of corticotropin 1n regional enteniis Gastroenternology,
22 550, 1952

Webster, J J © Adrenal cortex mn hver disease Ann Inf. Med,
33 854, 1050

Riplan, H, ¢t al Use of corticotropin and cortirone 1 acute
homologous serum bepatitss  Arch Int Med, 89 32, 1952

ACTH and cortisone m nfective hepatiis (Editortal) Brz M J,
1 860, 1952

Stephenson, H E, Jr, Pfeffer, R. B, and Saypol, G M Acute
hemorhagic pancreatitis, report of a case with cortisone treat-
ment Arch Surg, 65 307, 1952

Elbson, E H, Martin, B C, Williams, R D, Clatworthy, H W,
Hamwr, G, and Zollinger, R M The effect of ACTH and cor-
tisone on the survival of homologous skin grafts Ann Swurg,
134 495, 1951

Wetsman, P A, Qumnby, W C, Jr, Wight, A, and Cannon, B
The adrenal cortical hormones and homograftung, exploration of a
concept. Ann Surg, 134 506, 1951

Weisman, P A, Wight, A, Qumby, W C, Jr, and Cannon, B
The falure of adrenal cortical hormones to prolong the survival
of homologous skin grafts Plastic & Reconstruct Surg, 8 417,
1951

Conway, H, Stark, R B, Joshn, D, and Docktor, T P The de-
velopment of rculation mn autogenous and homologous grafts of
chin and observations upon tle effects of ACTH and anti-
coagulants Surg Forum, Am Coll Surgeons Pluladelphia W B
Saunders Company, 1951, p 468

Randall, P, Brown, J B, and McDowell, F_The effects of ACTI
and cortrsone o eapermental skin grafts Surg Forum, Am Coll
Surgeons Philadelphia, W B Saunders Company, 1951, p 475



&

i3
I

21,

REFERENCES 177

Buhop, R, C, Beal, J. M,, and Longaure, W P, Jr The use of
ACTH and cortisone 1 homografting, effcct of preopiratne ad.
nunsstration of ACTH to donor and reapient on the survival of
skin homografts 1n bumans  West J Surg, 60 193, 1952

Martm, B C, Morgan, T W., and Lowingood, C G The effect
of ACTH on autogenous and homologous shin grafts i rabbits
Surgery, 31 258, 1932

Kay, J H. The mfluence of cortisone and ACTH on the survival
of adrenal homotransplants 1n the dog  Surgery, 32 686, 1952.

Saligy, D E, Marguls, R R, and Jay, G, D Observations on
effects of corticotropmn (ACTH) and cortisone 1 management of
some postopcrative surgical problems  Arch Surg, 65 217, 1952

Larson, D L, and Tomlinson, L G Quantitative antibody stuches
n man, I The effect of adrenal msufficiency and of cortisone
on the levdl of wrculating antihodies J Clin  Invesfigation,
30 1431, 1951

Boling, L., Newkurk, J, Baster, P, Partndge, J, Margen, S, and
Kunsell, L. W.: The use of ACTH 1n the managemcnt of gen-
crabized pentonstis J Chin Endocrinol & Metab, 12184, 1052

Gammson, § € Encephalomy eliis complicating antirabies vaccinas
tion treated with cortisone Am J Med , 12 135, 1952

Martin, § P, Schwartz, T B, and Engel, F. L The effect of
adrenal hormone therapy on the course of wfectious discases
North Carolina M [, 13 605, 1952

Lee, R E, and Pleffer, C C  Effects of cortisone and 11-desoxy=
cortisone on pamn thresholds i man Proc, Soc Exper Biol &
Med, 77 752, 1951

Fromer, J L, and Smith, A I The use of ACTH 1 ten patents
with sexere anogenital pruntis Lahey Clin Bull, 7 232, 1952

Turrell, R. Corticotropm and cortisone 1 mtractable anogemtal
pruntis JAMA, 152506, 1933

Russel, IT T, Russeh, A S, Doermer, A A, and Zohman, B L:
Cortisone 1 treatment of shoulder-hand syndrome following acute
myocardsal infarction Arch Int Med , 91 487, 1953

Schanberg, L € Tetanus treated with cortisone U 5§ Armed
Forces M ], 3 1377, 1932

Spector, S and Mercer, R D The effect of prtuitary adrenacor-
ticotrophic hormone on cypermental tetanus i muce  § Infect
Dis, 89 224, 1951

Chustensen, N A, Kath, H M, Sauth, L A, Hanson, N O, and
Ralston, D E  Cortisone in the treatment of tetanus, report of a
case Proc Staff Mcet, Mayo Gln, 27 28, 1952

Maretie, Z  Arachmdism treated with cortisone A M 4, 152609,

1933,



178 SURGICAL PHYSIOLOGY OF THE ADRENAL CORTEX

229, Feldman, D J, and Zucker, 1L, Do Present-day nianagement of
aleoholsm 1A M.A, 153, vSJo. 1953
230 Fuchback, X, Slmmunds, M, and Pollard, B E.; Delinum
tremens treated with mtm\Lnnml) admmstered Corticotropin
{ACTH) JAVA, 149927, 1052,
231 Lecoy, R Acdron comparce des effects de Yhormone adrenocor-
ticotrope {(ACTH) ct de la cortisone avee quelques facteurs enzy-
matiques sur I'mtoucation aleoholique  evperunentale, Compt
rend Sve biol, 145 1600, 1951,
232 Rose, E, and Boles, R §, Jr, Hypercalcemma 1n thyrotonicosts. Med.
Chn North America, 37 1715, 1953
233 Kmsell, L W, Pastudge, § V., and Foreman, N + The use of ACTH
and cortisone 1 the treatment and i the duflcrential diagnosis of
mahgnant exoplithalmus, Ann Ing Med, 38,913, 1953
234 Tate, W, M, and Wheelcr, | A . Tavporal artentts repat of
case with ACTH therapy J Kansas M Soc, 52 374, 1951
235 Schulman, §, and Bugonstal, D Treatment of temporal arterttis
with cortisone a case report Ann Int Med , 37 1088, 1952
238 Aveling, J V', and Stevenson, F 1 Tewporal stenstis treated with
ACTH Lancet, 2 610, 1952
237 Whitheld, A G W, Cooke, W. D, Jameson-Exans, P, and Rudd,
C + Temporal artenbis and tts treatment with cortisone and ACTH
Lancet, 1408, 1953
238 Shick, R M, Baggenstoss, A M, Fuller, B F, and Polley, H F,
Effects of cortnone and ACTH on penartentis nodosa and cramal
arteritis, Proc, Staff A\lz't't, A‘lﬂ'/l) (Iln » 25492, 1950,
239 Jacgues, R H Th treated with
report of a case ()hm M, 48 620, 1952
240 Howard, } M, and DeBakey, M L The trcatment of hemorthagic
shock wath cortisone and vitanun B Surgery, 30 161, 1951
241 Halpern, B N, Benacerraf, B, and Brot, M Effect protecteur de
1a cortnone dans Ie chor hunnnhnmque, lnnmmque «t toxsque
chez Fanimal i synergie avec
Yadrenaline Compt rend Soc biol, 145 1770, 1951
242 Moore, H, and OTonovan, I K Anuna treated by cortusane
Bt M J, 1183, 1933
243 Soffer, L ¥, Gabniove, J L, and Wolf, B § Effcct of ACTI on
thymic masses | Clm Indocrinol & Metab, 12 690, 1952
244 Clarkson, P, Cortnone as an adjuntt to surgery the treatment of
Lelords  Lancet, 1923, 1953

LeMautre, C. and Tompsett, R The evaluation of tuberculous
lesions n the gunca mg dunng admunsstration of adsenocor-
tocotropic hormane (ACTH) and cortisone  Am Rev Tubert,
64 295, 1931

tisor




REFERENCES 79

246, Klunschmudt, R F, and Jolnston, J. M. Miary tubcrculoss m a
cortisone treatcd patient. case report with autopsy. Ann Int Med,
35694, 1951.

247, Deletenous cffect of ACTH and cortivone on tubcrentosts (Edi-
toral) New Englond 1. Med , 245 662, 1931,

248, Traut, E F,, and Ellman, J.» Exacerbation of tuberculoss duning
treatment with cortisone 1A M.A, 149.1214, 1932

249 Ihlbert, N. G, Millary tubcrculoss n a case of acute disscimnated
lupus erythematosus treated with ACTIL Proc. Roy Soc Med,
45 167, 1952,

250 Lffcet of cortisone and/or corticotropin on tubereulous mfcction 1n
anmuals, 2 statement prepared by the committec on therapy Am
Rev Tubcre, 66 257, 1932,

251, Bummn, J J., Kaltman, A. J, and McEwen, C . Diabetogeme cfect
of cortisone and ACTH 1n a non-duabetic paticnt with rheumatoid
arthatis, Am, J Med , 12:125, 1952

252. DcCosty, E. J, and Abclman, M. A Cortisone and pregnancy, an
apttimental and chinical study of the effects of cortisone on
gostation. Am, J. Obst. & Gynec , 64 746, 1952

253 Guilbcau, J A, Jr. Effects of cortisone on the fctus Am J Obst &
Gynec, 65 227, 1933

254 Fraser, F, C, and Famstat, T D Production of congemital defects
10 the offspring of pregnant muce treatcd with cortisone, progress
report Pedutrics, 8 527, 1931

255 Sprague, R, G, Power, M H, Mason, H L, Albert, A, Mathicson,
D R, Hench, P, S, Kendall, E C, Slocumb, C H, and Polley,
1L F.. Obscrvations on the phystwologic effccts of cortisone and

5 ACTHmman Arch Int Med, 85 199, 1950
230 Tatrogeme adrenal ansuffiaency (Editonal) ] A M A, 150 1222,
52,

257 Engliman, E P, Krupp, M A, Johnson, H P, Jr, Webh, ] E,
Wrenn, H T, and King, W R - Adrenocortical function during
continuous long-tam therapy with cortisone. Arch Int Med,
oI, 1953

258 Fraser, C G, Preuss, F S, and Bigford, W D Adrcnal atrophy
and arreversible shiock assoctated with cortisone therapy JAM A,

_ I491543,1952,

259, McJatosh, 1. W, and Holmes, € B Some evidence suggesting the
suppression of adrenocortical function with cortisone  Lancet,
21061, 1951

260 Wilon, I, A Protun shock from mtravenous ACTH  Lancet,
2478, 1931

261, Magabyab, W J, and Thomas, L The cffects of cortisonc on hac-
teralinfection § Lab and Chin Med, 39 271, 1952



261

265

266

267

@
=3
&

269

273,

274

SURGICAL PHYSIOLOGY OF THE ADRENAL CORTEX

Stanberg, 1, Webb, W M, und Rafsky, I, A« Hepatomegaly
with fatty whitration sccondary to corttsone therapy* <ase report.
Gastrognterology, 21 304, 1932,

Homes, ¥ L, et of + Relardation of wound healing by cortisone
Surgery, 28 177, 1050,

Taylor, ¥. W, Datner, T L, and Poster, 1D, O Wound healing
and the sterowds, Surgery, 31 683, 1052,

Haley, R, and Laws, ] F The cffect of cortisone on waund heal-
g, blood regeneration, and growth Surg. Forum, Am Coll.
Surgons, Phladelphss, W B. Saunders Company, 1951, p, 488

Sissons, H A, and Hadheld, G. ] The effect of cortisone on the
regencration of skeletal muscle after inpury. J Bone Surg, Bnt,
35-B- 1, 125

Mulles, W, Jr, Spencus, F. C, and Lewss, A E . The effect of
cortisonie on the healing of wounds of the cardiovascular system
Surgcry, 33 399, 1933

Shepaneh, L A The effect of endocnme substances {ACTH and
growth hormpne) on evpermiental fractures. Surg, Gynec. &
Obst , 96 200, 1953

Sissons, H A, and Hadfield, G ] The influence of cortisone on
the repair of eaperumental fractures in the rabbit. Brt. ] Surg,
39 172, 1031,

Teicher, R, and Nelson, C. T Osteoporosts and pathological frac-
tures followmg treatment with ACTH and cortisone J Inuest
Dcrmat , 19 205, 1952

Cosgniff, § W Thromboombolic comphcations associated with
ACTH and coruisone therapy, J A M A, 147 924, 1951

Greeman, L, Wagand, F A, and Danowshi, T §  Cation exchange
restn therapy an patrents recaving cortisone or ACTH Am ]
Med Sc, 225 1, 1953

Kmsell, L WV, Purtndge, ] W . Bolmg, L, and Margen, S. Dietary
mothficatton of the metabobe and chnwal effets of ACTH and
cortisone Ann., Int Med, 37 921, 1952

Kusell, L W, et al Modificatzon of the chinical and metabolse
effects of ACTH by ductary means, J Clin Endocrinol & Metab,
11,1031, 1951



INDEX

Acwdosis, in Addison’s disease, 18
Acd stress, response to with acti-
saton of adrenal cortex, 18
ACTH (see also Cortisane)
admustration of in adrenocerti-
cal tumor, 105, 106
admunsiration of resalting in de-
aensed capillary fragility,
21

eatabohe cffect of inbnbsted by
dict high n potassium, 14

chemical compositton of, 10

effect of m mcreasing activaly of
adrenal tumor, 101, 103,
112

effect of upon stcroid excrction
s adrenocortical hyperpla-
sia, 94, 96, 98

-eosmophd test, 87

~eosnophil test, mn normal pa-
tent compared with adren-
alectonuzed patients, 37

»msu;gphxl test, Dimutation of,

increased blood Jevel m adreno-
cortical hyperplasia, 99
increased output of when blood
Jevl of cortical hormones
15 dininished, 9
lmmr;)usculau’ admuustration of,
1

ntrascnous admmsstration of, 11

1%-ketostcrord excretion follow-
g ntravenons admmistra-
ton of, 11

Tocal antramuscular destruction
of, 11

Tate of release, 51

test, wntravenous, 140
use of i thrombocy topenie pur-
pura, 21

ACTH and cortisone,

amelioration of undesirable met-
abolc and chmea] effects
of, 160

clmcal uses and results of,
137 £

contramdications, relatne and
absolute, 137 ff

dosage and admunntration of,

«fect upon hematopoietic sys-
tem, 25

effect upon inflammatory prac-
esses, 23

general pharmacology of, 137 f

mode of action, 137

therapy, 137 ff

use of 1

acquired hemolytic anemua,

acute alcohol peisomng, 153

agranulocy tosis, 142

allergic conditions, 23, 141

anogenital pruntis, 151

anuga, I

arachmdssm, 153

bactenal mfections, 24

burns, 144

bursttis, 145, 146

calunosts universabs, 147

“collagen discases,” 145

condittons of peripheral nerv-
aus system, 151

congestive heart failure, 157

Cushing’s syndrome, 157, 158



182

ACTH and cortisone~contintcd
use of n—continued

debiltated patients, 147, 148

debirum tranens, 133

diabetes melhitus, 157

Dupuytren’s contracture, 147

eraphthalmus, 158

“frozen shoulder,” 146

functioning mctastabic carcr-
noma of Lles of Langer-
hans, 149

discases of the gastromtesti
nal tract, Incr, and pan-
cress, 148 ff

liemorrhagic pancreatitss, 149

hepatts, 149

bierpes zoster, 152

homografting, 150

bypercaleenna, 154

hypersplentsm, 142

hypertension, 157

ly perthysodiom  with  ensys,
153
Wopathic  thrombows topeme

purptira, 143
management of helmdy, 158
osteitis pubss, 147
pepte wleer, 148, 157
periartenitts nodosa, 155
pocumonta, 24
pregnancy, 157
prepiration for surgery, 147,

prevention of adbesions in the
chest, pericardinm, and
abdomen, 142
psychoties and  psy chopathic
personabbies, 158
1egronal ententis, 148
theumataid arthrtis, 145
sclerodemma, 148, 147

shock, 153
d 152

SURGICAL PHYSIOLOGY OF THE ADRENAL CORTEX

ACTH and cortisane—continged
use of m~—continuce
saake bute, 153
surgical nfections, 150, 151
tanparal astesstis, 154
tctanus, 132
thromboangeitis  obliterans,
155
thymic masses, 156
thyrond diseases, 153, 154
tuberculoss, 156
ulecratne colitss, 149
vascular diseases, 154
use of resulting in
hepatomegaly, 159
wtrogemie adrenat msufficien-
cy, 158
protem shack, 139
retardation of wound healing,

spontaneous wnfeciions, 159
thromba-embole complica-
tions, 160
ACTH wvs cortisone, in thesapy,
139

Addison's discase, acidoss in, 18
ACTH test tm, 37
Adrenal corter
activation of by acid stress, 18
functions of, 12
honmones of, 116
relationstup of to anterior pitui-
tary, postenor prtutary,
and pancreas, 27
role 1 postoperative fud me-
tabolism, 19
7ones of and functions, 30
Adrenalectomy
ACTH-cosinophil test followng,
kg

for essential hypertenvon, 13,
133

for malignant )2 134

houlder-hand



INDEX

Adrenalectomy—continucd
total cosinophil counts follow-
wg,
Adrenal insufficiency
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and cortisone in, 148
Collagen discases
effect of adrenocortical hor-
mones 1n 23
use of ACTH and cortsone 1,
5

Colon resection
uffect upon excretion of costi-
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torrelation with total costnophnl
counts, 39
n masculmzng  adrenocertical
tumor, 103
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excretion of, 43, 43, 46
cBect of liver upon metabolsm
of, 41
effect of operation upon excre-
ton of, 40, 42
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tion 1, 7
Nitrogen balance, effect of opera-
tion upon, 42
Nitrogen ecretion
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effect upon ewretion of 17-
Ketosterords, 40, 42, 44
effect upon nitrogen balance, 42
effect upon total eosinophil
couats, 31, 40, 42
Ostertis pubss, use of ACTH and
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paralytic deus, 20
increase n concentration of m
salter and sweat following
admmnstration of ACTH,
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metabohc response to, 54 i
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