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PREFACE

1 1AvE attempted to present chinical endocrinology m terms of applied
physiology For thus reason the book contans more informanon on
hormones than on endocrine glands and only scant mention of patho~
logrcal p not pamued by disorders of funcuion. In aumung at
coherence and simpliaty I have sacnficed full discussion of alternative
views and omutted references to the hiterature thereby faling to pay
tnbute to those whose discovenes have illumunated endocrmology Al
these pomnts are well covered in full textbooks of endocrnology to which
this work 1s an mtroduction. However I have included 2 short readmg
Iist for those swho wish to make a more comprehensive study of the sub~
Ject.

The absence of illustrations 1s due partly to economuc considerations
and partly to my deliberate choice Photographs show with dramanc
clanty the grotesque end pome of discase yet scldom portray fully the
early chnical signs  This may give a visual buas against carly diagnosis
Personally I believe that the student will learn more from the careful
examumnation of one patient than from an album of photographs

It 15 a pleasure to record my grautude 1o Dr Russcll Fraser and Dr
Joha Ells for accepting the onerous task of correcting the manuscript
and for their most helpful enticism I am mndebted to Mrs E- Scote for
the low calaum diet printed m the appendix and to Mrs M Stone for
her help with the typescripe 1 would also hiked to thank my publishers
for thewr constant help which has made my path smooth Finally I am
deeply grateful to my wnfe for her untrng work m all stages of the
preparation of this book
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CHAPTER I
GENERAL PRINCIPLES

Cunteat endocrnology 1s not concerned solely with fat boys and bearded
women 1ot 15 1t an esotenc cult based on the application of brzarre
ponyms to apparently lated physical signs  As the endocrine
system plays a large part both m health and i many types of disease the
proper approach to the subject lies through a knowledge of phystology
and general mediane which must be broadened to include certan aspeets
of gynaccology neurology and pacduatrics

Untl the begmning of the twentieth century the central nervous
system was considered to be the sole co-ordmatng mechanism of the
body the concept of chemcal integratton of the organism grew with the
devel of chemical physiology The idea of a ¢h 1 g
secreted by a cell to influence the working of some distant part of the
body was crystallized by Bayhiss and Starling (1902) when theyntroduced
the word hormone {Greek &puéew —I stmulate) The synthesis and
seeretion of hormones 1s the pnmary function of the endogrine glands

The endocrme glands are so called because their secrettons are dis-
charged directly imto the blood stream Al thesc glands secrete their
hormones 1mto the systermc arculaton except for the pancreas whose
sslets of Langerhans secrete nto the portal system A gland may be com-
posed of cellular elements ke the thyroid or of neural ussue Lke the
adrenal medulla  Within the gland the hormones are synthesized stored
and finally secreted Some storage of hormone occurs m all glands but
the thyroid 1s the only one with special storage space 1 the centre of cach
secretory umit It 15 important to remember this property of storage
because st represents the difference between the rate of hormonal synthests
and secretion  Hence a hugh concentration of hormone m the gland does
not mdicate activity so much as inhib of with d
synthesis C ly tf diate response to lation 15 2 discharg,
of stored hormone prior to an mcrease 1 the rate of synthesis with the
result that hormone concentration i the gland drops sharply

Hormones are physiological substances some bemng protems or poly-
pepides others sterord 1 nature  They provide a humoral mechamsm
for the regulation of bologtcal processes playmng an mmportant role m
growth prod and the of a constant

1




2 INTRODUCTION TO CLINICAL ENDOCRINDLOGY

mternal enviconment In their mode of action they res.mble chomical
catalysts exerting ther mf not by the of physiological
mechansms but by regulating the rate at which the mechanism operates
The evact nature of hormonal action 15 dependent on the charactenstics
of the hormone and the organ or organs on which 1t acts  Anvy tissue
which ss ¢he site of action for a hormone 15 termed an end;organ Some
hormones ¢t on one end-organ only others have a general effect as well
as speafic action on certam organs In the first category are the trophic
hormones of the antenor prtwitary each of which sumulates 1ts speafic
endocrine gland and has no other action They exert an indirect action on
the body as 2 whole through the gland they sumulate The second cate-
gory 1s llustrated best by the sex hormones For mstance testosterone
produces marked growth of the seminal vesile  This growth entails
protemn anabolism At the same time the hormone stimulates the anabal-
1sm of protem throughout the body larly gens cause a marked
retention of water m the uteras and some retention of water 1 other
tissues Moreover the genera) effects of these two hormones are roughly
sumilar both causing retention of water and calaum yet their effects on
the sexual end-organs are directly opposed  This allustrates the concept
that few hormones are completely speafic by wirtue of therr mtrmnsic
properties but that specthiaity 15 conferred by the responsiveness of end-
otgans Thus also applies to the hormones which have a wide effect on
metabolism such as thyroxine growth hormone and hydrocortisone
f the bolic rate water balance and vascular
system of the body sts vartety of actrons depending on the rractvity of
speasfic physiological mechanisms rather than speafic organs
The mteracton of hormone and end-organs 15 of fundamental smport-
ance i dinxcal study as disorders of function may anse from changes in
the level of arculatmg hormene or the sensiuwity of the end-organ 10
hormone action  The effect of hormone deficiency on an organ samitated
by a fasdure of that organ to respond to normal hormonal sumulasion For
jnstance eunuchs have no beard because the testes are not functionng  But.
the healthy Red Indian male never grows a beard by virtue of hus genenc
constitntion yet hus vinhity 13 unquestionable Another example 15 pro-
vided by the difference i the clmscal prcture of thyrotoxacoss according to
the age of the panent ‘T the elderly the disease commonly presents with
cardiac mansfestations which do not occur 1 the young® The hormonal
sumulus 15 the same m all age groups but the elderly heart reacts rapudly
40 3 small ancrease m airculanng hormone  Thus genenc biochermeal and
age factors infuence the mteraction of one hormone and sts end-organ
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In chncal medicine one observes the final resule of this interaction Teas
obvious that physical signs are not a direct indscatson of the rate of hor-
mone secretion.

Now the various physiological factors goverming hormone action have
been described the interdependence of the endocrine glands must be
considered  The amount of hormone produced by any one gland 15 sub-
Jeet to controlling mfluences which finally mtegrate the whole system
These wfluences are of three mam hands  Farstly the regulation of
hormone secrenion by the concentration of certam chenueals in the blood
stream  Secondly the control of activity by the antenor pituttary
Thirdly the ¢ 1t fl of the hypothal corrclanng the
endocrine and ners ous systems

Thesimplestty peof regulating mechanusm analogous tothe thermostatic
control of 2 water heater 15 shown by the parathyrosd glands which appear
to have no other govermng process than the concentraton of calerum m
the blood stream A more complex mechamsm governs the p
prtuitary m which hormone secretion 15 directly related to the osmonc
pressure of the blood but 15 also subject to nervous control through the
hypothalamus which may over nide the pnmary homeostatic mechamssm

The anterior pituntary exerts an overall effect by the secretion of a
number of trophic hormones which govern the action of the glands they
sumulate  Thyrotrophic hormone (T § H ) regulates the activity of the
thyroid and adrenocorticotrophin (A C T H ) the activity of the adrenal
cortex ‘There 15 a reaprocal relanonshtp between the amount of trophic
hotmone released by the pituttary and the level of arculating hormone
from the sumulated gland In essence this feed-back mechamsm 15
stlar to the homeostatic control of the glands alteady described The
action of 2 hormone m suppressing the pitmitary appears to be Limited to
mhibion of its speaific trophic hormone  hence adnumstration of

thyrowne will only suppress the output of thyrotrophic hornione
There are ymportant clinical 1mplicanons m this pitwtary-target gland
relanonship  On the one hand the admunsstration m non~endocrme
disease of large doses of pp: the of adreno-
corticotrophic hormone with consequent adrenal mactvity Henee
abrupt cessation of treatment will leave the patient 1n a state of adrenal
hypofunction wath all ats attendant dangers On the other hand the

h can be used delit as 1 the admunistration of vestrogen
for the treatment of carcimoma of the prostate The oestrogen mhibts the
output of gonadotrophin with resultant testicular atrophy Itacts via the
pituttary as a medical castranon. There 15 also a duagnostic use particu-
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larly 10 hypogonadism  If the disturbance 15 due to destrucuon of the
gonad the low level of circulatimg sex hormone will give rise to an exces-
stve secretion of gonadotrophis However gonadal atrophy from fatlure
of pitwtary stimulus Wil be associated with a very low level of gonado-
trophtn secretion  Assay of the excreted gonadotrophun enables the clmi-
ctan to decide which type of hypogonadism 1s present
The last link 1 endocrne integration hies between the hypothalamus
and the pitaitary  As thus provides a connection between the lugher cere-
bral centres the autononuc system and the endocrine system the hink 15 of
the greatest importance  Unfortunately 1ts details remamn obscure and
events nature 1s m doubt Ie1s most probable that the hypothalamus basa
regulating effect on the anterior lobe of the pituitary by some humoral
mechanism  there 15 certainly no evidence for a neural connection  The
regulating effect can be illustrated by the effect of the hypothalamus on
sexval maturation Expeniments have shown that the pituttary synthesizes
gonadotrophins some time before the onset of puberty The release ot
these hormones whch sct off puberal sex growth s due to a sumulus from
the hypothalamus It 15 not surprising that lesions of the hypothalamic
arca m humans are often associated with precocious or delayed puberty
There 15 also expenimental evidence for hypothal gul of the
secretion of thyrotrophic and adrenocorticotrophic hormones In the
case of thyrotrophin the hypothalmus appears to alter the quantitative
aspects of the pitmtary-thyroid feed-back mechamism  The level of
circulating thyroid hotmone required to suppress the prtuitary activity
1s changed  If the pitustary-thyrotd regul 15 akn to the tk
then the hypothalamus acts like the control which adjusts the temperature
at which the thermostat will operate
Mauch has been said on the production and action of hormones without
a2 mention of their eventual fate  This 1s not because the subject 15 umm-~
portant but rather because so hule precise mformation 15 avallable The
blood level of 2 hormone 1s the balance between secretion and destruction
so that variation m the speed of destruction may influence profoundty the
amount of avatlable hormone However even the sites of destruction are
not fully known ‘Whether or not a hotmone 1s destroyed by the tissue on
which 1t acts s still undecided. Buttis clear that the liver mactivates many
of the sterord hormones and diseases of the liver may be assoctated with
endocrine dysfunction duc to faue of hormone nactivation
It s now possible to summanze these generalizations in terms of clinical
d disord All such d anse from some disturbance
of the normal endocrme equilibrium  Primary endocrne disease can be
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concerved as a falure at any point m the basic pattem of hormone pro-
duction destrucnon and end-organ response  Hypothyroidism 1s due to
fatlure of secretion by the thyroud erther because 1t has been destroyed
(pnmary myvoedema) or because 1ts pitustary control has farled (prtwt-
ary hypothyroidism) or from selective failure of hormone synthesss (cer-
tam types of gotrous cretn) If however production of a hormone 15
normal falure of destruction results in an excess of arculaung hormone
as m arrhosss of the lver which may be associated with gynaecomasta
from excess oestrogen  Lastly the varymng response of the end-organ to a
grven amount of hormone may determine the cliucal prcture A rare but
nterestng example of this 15 pseudo-hypoparathyroidism, i which the
body 15 completely unresponsive to 1ts own or myected parathyrotd
hormone The resultant tetany with low serum calcrum 15 exactly sumilar
to that occurnng after removal of the parathyrords

The sitation 1s more complicated when a single pathological process
causes more than one endocrme disturbance as 1s seen commonly with
lesions of the antenor prtwitary  An acdophil adenoma producing an
excess growth hormone wall press on the rest of the gland so that secretion
of other hormones 1s reduced The mnterplay of various hormones may
also lead to more than one disorder thus evidence of adrenal hypofunc-
tion 13 common m myxoedema because the adrenal 15 affected by the lack
of thyroid hormone ~ Correct duagnosis depends on a careful appraisal of
such mteractions with the avordance of such terms as plunglandular
disorder which 1s merely a substtute for thought

It 15 too easy to assume that primary endocnine disease 1s the cause of
certain syndromes  Dwarfism will result from destrucuon of the prtutary
macluld but it does not follow that all dwarfs lack a pitwtary  Bue tlus
does not mimmse the role of the endocrine system m various types of
disease ‘The malnutntion of cocliac disease 15 assocrated with mnfantilism
because pitwitary finction 15 depressed  Simularly lesions of bone ansing
m long standung renal fasture are linked with parathyroid hyperplasia It
1s mportant to keep endocrnology in the field of general medicine and
to realize how many discases have an endocrine aspect and how diseases
of the glands masquerade as more general conditions




CHAPTER 11
THE HYPOTHALAMUS AND POSTERIOR PITUITARY

AnaToMy AND Puvsiotooy
ThERe 15 every Justfication for a componte description of the hypothals
amus and posteror pitmtary for although the two lobes of the prtwstary
are contiguous they differ in ongun structure and fonction whade the
postessor lobe 1s linhed to the hypothalamus by form and funchon

In embryo the postersor pitwitary arises a8 3 discraculum passng down-
wards from the third ventucle  'When fully formed the lobe consists of
neural nssue which contmucs up the pitustary stalk ro the hypothatamus
Formng one functional une the supra-optico-hypophyseal tract The
hypothalamus tself forms the basal pornon of the diencephalon lymg
m telation to the floor and lower pact of the walls of the third ventuele
Anatomically spealang st comprises the optic chiasms  ptuary  tuber
anerevm and corpora mamullana  In physologieal terms the lateer two
structures aze usually called the hypothalamus

The hypothalamus provides a connecting ik berween the cerebral
cotte \VhOSC stamauls it Teceives 31\& vanous homeastane mtd\ﬂmsﬂlS on
which st exerts a regulatory cffect  Its effects sre mediated by newrai path-
ways particularly through the autonomic system by the nevro-secretory
mechamsms of the postenior pitustary and by an influence on the anterior
prmtary  There are no neural connections beraeen the hypothalamus
and the antenor pusnary bue there 1s 2 portal system of blood vessels
winch links the two structures It 15 probable that this allows for some
humosal mecharusm by winch the antenor pituttary 1s influenced by the

hypothalamus

Cerpamn metabohe functsons under the control of the hypothalamus
are of derable imp e end, logy Corrclation of experi-
menta! work and human autopsy matersal has given some mdscanon as to
the 1 Jocal of the ¢ hng centres but such of the
physology remams obswcure  However the bol
aspects of hypothalamse function may be classfied as follows

{1) Regulanon of energy balance

sleep
control of { body temperature

appetite

6
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(2) Regulation of sexual function.
(3) Influence on carbohy drate metabolism
(4) Control of water balance

The normal thythm of sleep 15 controlled by centres . the lateral
hypothalamus Lesions of thss area result in narcolepsy and other distur-
bances of sleep

The of anormal body temp despite varymng environ-
mental temperatures depends on centtes 1n the tuber cnereum  Both
heat production and heat loss are under ther nfluence  Breakdown of
this smech 18 followed by great from the normal body
temperature  Acute lesions are often assoctated with hyperthermua  the
body temperature nistng to 106° or more

The paraventricular nucles exert a marked effect ontheappetite for food
Destruction of these nucler m expenmental ammals 15 followed 1m-
meduately by 2 dramatic increase in appente  The food mtake i one day
may be equal to the body weight It follows that marked obesity 1s 2
common clucal feature of hypothalamuc discase  Little 15 known of the
normal control of appetate but there are good grounds for assuming that
the paraventricular nucles play an important role

"The areas concerned with sex function are il defined and there does not
seem ta be any exact localizanion The mamullary bodies appear to evert a
controllng mfluence on the secretion of pinwtary gonadotrophns The
antenior pitustary manufactures gonadotrophins prior to puberty but
the release of thesc hormones 15 dependent upon a sumulus from the hypo-
thalamus which mitiates puberty Likewise the mamntenance of a normal
menstrual cycle 15 dependent on a comphicated mterplay of gonad
trophins whose release 15 controlled by the hypothalamus Consequently
lesions n the area of the corpora mamullaria are assoctated wath abnotmal-
1ties . the age at which sexual development occurs on the one hand
precocious puberty and on the other delayed development or sexual
mfantilsm  In adults gonadal atrophy can occur but the most obyious
sign 1s amenorrhoea

Alteration 1n the body s sensitvity to msubin due to the effect of the
autonomuc nervous system may give nse to hypo- or hyper-glycaema
Chrucally this effect 15 usually transitory in association with acute lestons
In very rare instances an msulin resistant hyperglycaeme becomes
permanent

The supra~optico-hiypophyseal tract secretes two hormones both
recently identfied and synthesized The two hormones are very similar
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m structure both being polypeptdes The first oxytocmn, causes con-
traction of the uterus although its role 1n human physiology 15 uncertain
The second vasopressin causes vasoconstriction and uthibts water
diuresis Tt 15 unfortunate that the name vasopressin 1s used because 1ts
normal physiologtcal role 15 1 the control of water balance rather than
blood vessel tone  Antdaretic hormone (A D H ) 1g a better name as 1t
represents the physiological action of the hormone* Secretion of A D H
1s determuned by impulses from the cerebral cortex and by osmoreceptors
m the hypothalamuy” Hence varations m emotional state are assocuated
with changes 1n the output of ADH Strong emotions such as fear
result m marked diminunon of urme output However body water
balance 1s controlled largely by the osmoreceptors Intravenous mnfiston
of hypertonic saline m the normal subject results i a decrease i urmary
output  Loss of body water causes a nse m the osmonc pressure of the
blood whch leads to an increased output of A D H so that water loss via
the kidney 1s dunungshed Conversely a decrease 1 osmotic pressure
mlubits AD H secretion so that excess water 1s passed out through the
kadneys Duurests after the ingestion of a large quantity of water 15 de~
pendent on this mechamsm It has also been found that mjection or
whalation of mcotine strmulates the secretson of ADH  providing a
valuable test of hypothalamic funcnon
ADH regulates water balance solely by actmg on the drstal tubules of

the kidney It 15 m thus part of the kidney that water resorption occurs and
the quantity resorbed 1s governed by the amount of arculatng ADH
There 15 no evidence that AD H has any other renal effect m the human
ats action 15 related ennrely 10 the conservanion of water and has nio direct
effect on the excretion of clectrolytes Of course an mncrease m unne
volume by vartue of dimmished water resorption wall be accompanted by
a fall in the urnary concentration of chlonide and speaific gravity but
chlonide excretion atself 1s not dependent on AD H

+There 15 one important factor that mnfluences water resorption by the
kidney m relation to ADH  For many years st has been known that
myury to the posterior prtwitary wath falure of ADH secretion 15
followed by polyuna only when the antenor pitutary 1s intact  Recent
work has shown that 1t 15 the matntenance of normal adrenal functon that
allows polyurta when AD H 15 absent This experimental work 15 con-
firmed by clintcal expenence for a slow growng tumour which imaally
destroys the supra-optico-hypophyseal trace will cause polyura but at
a later stage when the anteror piumary 15 destroyed the polyuma
Jsmumshes  Moreover polyuria will return of ACTH or cortisone 15
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admunustered to the patient If the hypothalamic area 15 ntact but the
adrenal ceases to function, 2s n Addison s disease diurests does not follow
an ingested water load. The capacity to secrete a water load 1s sestored by
the admmstration of cortisone ‘This complicated and ll-understood prece
of physiology does have cntcal importance and will be referred to again
1n relation to diseases of the anterior pitwitary and adrenal

Diabetes Insipidus
The disorder of function 1s 2 farlure of renal water resorption due to an
meffective arculating level of ADH  Lestons of the supra-optico-
hypophyseal tract cause the disease by dimushing or destroyng the
secretory capaaty of thus tissue  In rare mstances the syndrome 15 pro-
duced by imsensitivity of the renal tubules to the acion of AD H 1n the
absence of other evidence of renal failure

Aemorocy

“The disease 1s more common in males and 1s predomnanly an afflicuon
of chidhood or carly adule bfe  Clearly the leston may often be such as to
gve nse to a general chimcal picture of which diabetes wsiprdus 15 only
a small part, and therefore the diag of diabetes mstpidus must always
be followed by a systematic apprassal of the patient for other disorders of
function, The very vaned actiology of the lesion 1s as follows
(1) Idiopathic

A localized presumably degenerative leston of the supra-optico-
hypophyseal tract occurrng 1n chuldren or young adults wath no other
disturbance of function ‘Thus 1s a rare form of the disease and the
diagnosis must be regarded with suspicion. Al too often the develop-
ment of other climical disturbances some tume after the onset of diabetes
mstprdus makes 1t obvious that the aenology 1s not 1diopathuc

Several fanuly hustories have been tecorded 1 which many members
of succeeding generations are affiicted. In some fammbies the disease 15
resistant to myected ADH and may be presumed to be due to renal
tubule y and not to hypott dysfi

{2) Infection

Many forms of chronte meningitss or arachnorditis may cause the
disease with assocated neurological disturbances

(3) Xanthomatosis
In children the Hand-Schuller-Chnstian syndrome 1s associated wath

dabetes msipidus m over 5o per cent of cases In adults generalized
»



8 INTRODUCTION TO CLINICAL ENDOCRINOLOGY

1 structure both being polypepndes The first oxytocn, causes con-
traction of the uterus although its role i human physiology 1s uncertam
The second vasopressin causes vasoconstniction and nhubits water
duresis Te 1s unfortunate that the name vasopressin 1s used because 1ts
normal physiological role 1s m the control of water balance rather than
blood vessel tone  Antidiuretic hormone (A D H ) 15 2 better name ast
represents the physiological action of the hormone*Secretion of AD H
15 determuned by impulses from the cerebral cortex and by osmoreceptors
 the hypothal Hence v m | state are d
wth changes n the output of ADH  Strong emotions such as fear
result m marked dinunution of urme output However body water
balance 15 controlled largely by the osmorcceptors Intravenous infusion
of hypertonic saline m the normal subject results 1n 2 decrease 1 unnary
output  Loss of body water causes a mse i the osmotic pressure of the
blood whch leads to an mcreased output of AD H so that water loss via
the kidney 15 diminsshed Conversely a decrease 1n osmotic pressure
miubits AD H secretion so that excess water 1s passed out through the
kudneys  Duurests after the ingestion of 2 large quantity of water 15 de-
pendent on this mechamsm It has also been found that mjection or
inhalation of nicotine fates the of ADH, providing 2
valuable test of hypothalamuc funcnon.

ADH regulates water balance solely by acting on the distal tubules of
thekudney Itisin thus part of the kidney that water resotption oceurs and
the quantty resorbed 15 governed by the amount of arculaing ADH
There 1sno enidence that A D H has any other renal effect in the human
1ts acnon 1s related entirely to the conservation of water and has no direct
effect on the excretton of electrolytes OFf course an increase m urine
volume by vartue of dimunished water resorption will be accompanted by
2 fall 1n the urmary concentration of chlonde and speafic gravity but
chlonde excrenon 1tself 1s not dependent on AD H

There 15 one mportant factor that mfluences water resorption by the
ladney mn relanon to ADH  For manv years 1t has been known that
myury to the postenior pituttary with falure of ADH secretion 15
followed by polyuna only when the anterior pituitary 1s intact Recent
work has shown that 1t 15 the matntenance of normal adrenal function that
allows polyuna when AD H 15 absent  This expertmental work 18 con~
firmed by clinical expenence, for a slow growng tumous which mtally
destroys the supra-optico-hypophyseal tract will canse polyurna bur ar
a later stage when the antenor piruttary s destroyed the polyuna
dimunishes  Moreover polyuna wall return 1if ACTH or cottisone 15
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of postentor pitantary extracts A rare syndrome 1 eatly childhood 15
nephrogensc diabetes msipidus which 15 a speatfic falure of tubular
response to AD H i the presence of otherwise normal renal function
These water-babies show no evidence of a hypothalamic lesion and do
not respond to injected postertor pituitary extract,

Psychogenic polydipsia provides the major dfficuley in diagnosts As
an hysterical phenomenon, mtense thrst wall be followed by polyuma 1f
the water mrake 1s excessne  Thurst 15 the primary symptom as com-
pared to the primary polyuna of dubetes insiprdus The clical differen-
nanon of the two conditrons may be very difficult 1f there 13 1o enidence
of organic disease and no other sugma of hystena  Three forms of test are
of diagnostic use

The most relable procedure employs a water Joad wath sumulatton
of the supra-optico-hypophyscal tract by nicotine (inhaled or ngested)
Provided fanting which alters renal blood flow 15 avorded the test
gives a valid index of hormone secretion which can be compared to the
effect of ntravenous ADH on water diresis By this means duabetes
msiprdus can not only be diagnosed by the failure of micotine to mhibie
diazesss but the sensittvity of the kidney to AD H 1s deternuned as well
However 1t must be noted that the test requires careful attention to
technical detal before good results are obtamned

Another test 15 based on the if of the P by
hypertonic solutions Water dwresis 15 promoted by the ingestion of
water and then hypertoruc sakne 15 infused mtravenously ‘The diuresis
will cease i the normal and continue 1n diabetes insiprdus - The objection
to this routine bies 1n the sale load which the kidney has to handle The
result may not indicate excretion of water as an osmotic diuresis may
anse

vThe sumplest procedure 15 the withholding of water for as long as the
patient can tolerate st In duabetes mnstprdus polyuna continues with no
nise m the speaific gravaty of the urine and loss of body weight the volume
of unne passed by the hysteric wall diminish markedly with a considerable
mse n speafic grawity and there 15 10 Joss of weight'” Unfortunately
the test often fals because the hysteric will not suffer water deprivation
even when sedated. Morcover the kidney adapted to produamg
large quantities of urme wll not suddenly conserve water when the
pauent s mtzke 35 stopped  So the test 15 useful 1 excluding duabetes
msiprdus when the unne output drops and the speafic gravity mcreases

but 1f this does not occur then the panent sull may or may not have
diabetes mstprdus
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xanth often with pul y mvol may give nise to the
discase

(4) Tranma

Fractures of the skull base or operations i the region of the hypo-
thalamus commonly give nise to a transtent form of the discase In some
cases the condition becomes permanent

(s) Tumours

Many types of tumour both primary and secondary give rise to the
discase and commonly affece other aspects of hypothalamee function
The growths may be situated around the third ventricle or i the posterior
fossa

Cuncar COurse

The prime symptoms are gross polyuna and thirst  The unne 1s free of
abnormal c but has a ty low speafic gravity (about
1002) The polyuna ss constant the volume passed at mght being equal
to that of the day  As the capaaity of the bladder increases very large
quantities are voided each time 1t 1s emptied The thurst 15 persistent and
agomuzing patients will dnnk from puddles or even therr own unne n an
effort to assuage 1t As the disease p dehydration graduall
appears the weight falls the skin becomes dry and melastic and the lips
parched and cracked  Intense thirst kills an appetute for food and destroys
sleep Loss of water from the body canses constipation and 1t also causes
some salt loss wath resultant muscle weakness and ctamps It 15 2 miser-
able condition 1n which the patient s Iife 15 confined between the water
yug and the lavatory

The natural hustory of the discase 15 dependent more on the general
effects of the causative leston than on the disturbance of water balance
Normal hydration can be mamntamed indefimtely with prtressm therapy
Oc Ily sdiopathuc diabetes msipidus ends with spontancous cure
If a tumour gves rise to the condition 1t may destroy the antertor pitustary
with ameltoration of the polyura

DiaGNOSIS

Thurst and polyuria are prime symptoms of diabetes mellitus which 15
distinguished 1mmeduately by the presence of glycosuna  The same
symptoms may be marked m certam cases of renal fature but here the
presence of albuminuria and uraermia makes the diagnosis clear  Polyuria
10 such cases 1s due to farlure of the renal wbules to respond to ADH
Ths can be demonstrated by the continued diuresis despite the myection
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panent s lesion developed hs appetite became so excessive that the cafe
propaetor pud him to dine elsewhere fe1s not surprising that the degree
of obestty 15 usually marked with body weights over 30 stones

The actiology of this syndrome 15 simular to that of diabetes instprdus
which may bean associated disturbance A transient form of the condiion
also occurs most commonly due to mental disturbance but occasionally
from orgamic causes In thus there arc repeated attacks each lasting one to
three days of somnolence disturbed water balance and polyphagia

The treatment must be directed to the causatwve leston. The disturbance
of function 1s amenable to amphetamine sulphate which wall control the
narcolepsy and the polyphagia Large doscs ate required but evening
admunstration 15 to be avoided i case 1t iterferes with the mght s sleep
Total darly dosage may reach 400 mg bue the necessity for such a large
dose should be demonstrated by fadure of response to more routine
dosage (30-60 mg daily)

Frohlich s Syndrome

Frohlichs one case was a male apparently healthy until the age of
twelve years when he started to exp severe headach g
and loss of visual acuity With the onset of these symptoms the boy became
obese the adipose tissue beng most marked around the pelvis and gem-
tala gving rather femmine contours  The limbs were also obese the
pudgy fingers tapenng towards the up  He failed to develop sexmally
at the age for normal puberty but hus height was apparently normal for
Ius age By the age of twenty years sexual mfantihsm was still apparent
but the obeaty had not progressed to any degree  Operanion revealed a
tumour mvolving the arez of the pitmtary and hypothalamas

‘Thus the essentials of the syndrome are obesity sexual infanulism and a
space-filling lesion m the pitwtary-hypothalame region At first 1t was
considered to be 2 pnmary disorder of prtwtary function but later
experimental work made 1t quite clear the obenity does not anse from
preustary destruction but only from hypothal damage  Mor
delay of sexual develop also follows hypothal lesions Human
autopsy matenal confirms this work destruction of the anterior pitustary
without damage to the hypothalamus has not been found m assocration
with Frobhch's syndrome The type of tumour which gives rise to the
syndrome 15 the cramopharyngioma or a chromophobe adenoma of
pitwmatary with suprasell O l llar cysts of
vanious types are the causative lesion

It 15 obvaous that true Frohlich s syndrome 15 a rare entity and one that
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In the near future 1t 1 hkely thar assay methods for ADH will prove
to be the most spectfic diagnostic test ay absence of anndwretic factors
from the patent s serum m a state of thirst would be sndicative of daberes
smssprdus

TREATMENT

Extracts of p prowstary g A DH are avabable in three
forms The aqueous extract (pitressin) for mpecrion hasts about esght hours
30 that an evening dose ensures a mght ssleep  Reasonable control of the
disease can be achieved by twace daly mjections of §-15 unts  Over-
dosage results m penpheral vasocomstricuon 2 nse m blood pressure
snd wmtestinal spasm Contnued exeessive mtake of water after a thera-
peutic dose of pirressn may Tesult w temporary water posorsng It s
wise therefore to guve an mmal dose of § unats 1o be mcreased by 5 unuts
untl the polyuna 1s controlled  Therapy has become far more convenient
since the mtroduction of pitressin tannate {in eil) a slowly absorbed
preparation with an action spread over at least 24 hours Someumes
myections on alternate days will prove sufficent Fadure to achseve good
results with puressin tannate 15 often due to ssufficient shaking of the
arapoule so that lsttle of the active content 15 drawn down mto the syrmge
A dry powdered extract of p pitwtary 15 available i the form of
snuff Thas 1 particularly smtable for children who are obviously much
happrer to smiff'a powder up thewr nose than to have repeated mjections
The amount of suff requred 15 2 matter of pracncal a2l but several

a day are needed U 1y the snuff 15 tneffecrve an the

presence of nasaf catarth and someumes the powder wttates the nasal
mucosa with resuleant mucous discharge

The patient must be made to understand that an attempt to cure the
condiwon by hrmung the flud mtake 15 dangerous and that treatment
must control the polyura first

Sexual Precocity
“The relationshap of the hypothalamus to an carly onset of puberty will
be discussed 1n 2 later secuon (page 136)

Obessty and Narcolepsy
Dickens fat boy 15 2 good example of the syndrome 1 which poly~
phagu 15 assocuted with duturbed sleep shythm and nazcoleptic attacks
One of the first reported cases >d 2 French who msed to earar
2 cafe which sliowed 1ts customers free bread with ther meals As the
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gests that 1f the bulk of the day s mtake of food 1s consumed 1 one meal
there 15 a greater Ikelithood of 2 postive encrgy balance than of 1t 1s
consumed 1 several small meals It 1s a common observation that obese
people favour one good meal a day Lastly water retention may account
for some of the weight gain by the obese patient - OFf course water 15 also
retaned m adipose tissue so that when a negative energy balance 1s
created by dretary means the weight does not fall at a regular rate m step
with the datly calonic deficit but n an rrregular fashson as fat plus water 1s
lost Apparent farlure to lose weght smitnally on a correctly admumstered
reducng dret 15 due to thus falure of water exereton.

The endocrine system plays an mdirect role in obesity It may dimiish
the body s calonc requirements by a drop in metabolic rate alter the
ratio of fat to protem m the body or determine the sites at which adipose
ussue 35 lnd down  But these effects will not lead to obesity unless the
food intake remarns 1n eacess of calonc requirements  The metabolic rate
falls m hypothyroidism but the degree of adiposity in such patients varies
widely accordng to whether the appetite 15 1mparred or not  Sumilarly
m adrenal farlure the metabolic rate 15 lowered but anorexia 1s a very
constant symptom 5o that weight loss 15 a feature of the dsease In
adrenal hyperacuvity of the Cushing type obesity 15 common as the
excess of hydrocortisone increases the percentage of body fat at the
expense of protan and also encourages the appetite If anorexia occurs
then the patient will lose weight in a perfectly normal fashion  The adrenal
hormones also determne the charactenstic face and trunk distnbution of
adipose tissue although the degree of adiposity 15 dependent on food
mtake A further example of this 1s hypogonadism  Male eunuchs vary
from lean to obese but 1f they are obese the fat 1s latd down around the
lower abdomen and gemtaha  Obesity may follow an artificial meno-
pause but 1t 15 not durectly due to cessation of ovanan function m that
not all the patients gam weight and adequate hormonal therapy does not
alter the obesity when present

The bodily constitution plays a large part m determuing the capacity
to become obese Hereditary characters are mvolved here and 1t 1s very
common to find generations of a family who are all lean or of another
famuly who are plump Sometimes thus 15 not due to constitutional
development but to acquired famulial eatmg habits  Many families are
used to a high fat or carbohydrate diet and so do not consider they are
eating too much To some mothers  fat child 1sevidence of good maternal
cate or materal success m the world  Other people eat when they are
worried and consume snacks as a cham smoker consumes cigarettes
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should not be dtagnosed before the age of puberty Unfortunately the
diagnosis has been used for all types of fat boys some with delayed puberty
others with normal genstalia so buried in pubic fat that they appear small
onmspection This problem of childhood obesity 15 d d 1n the next
section

Laurence-Moon-Biedl Syndrome
The diagnos:s of this congental defect of germ plism 1s made on finding
the followng defects

(1) Generalized obesity

(2) Sexual infantilism

(3) Mental deficiency

(4) Atypical reumtis pigmentosa

(s) Polydactyly

(6) Other congemtal defects ¢ g atresia a1 renal abnormahues etc

The syndrome 1s twice as common m males as 1 females and the
famihal meidence 1s most marked  Not all the cases exhubit every feature
of the full syndrome It 15 an unrewarding disorder 1n that 1t 15 recog-
mizable immeduately and untreatable It should be considered as a collec-
tion of congenital defects and not as 2 pnimary endocrinopathy  In the few
autopstes reported no significant hustological lesion of the hypothalamus
or pitwtary has been found

‘The Problem of Obesity

The mdiscrimnate diagnosis of endocrme obesity has dnven an
ewasperated doctor to evclum that the only glands mvolved 1 obesity
are the salivary glands Despite the poetic licence of this view 1t 15 true
that obesity which 15 the accumulation of excessive fat 1s pnmanly a
disturbance of energy balance  Even the most mgentous patient cannot
defy the laws of thermodynamics Weight gan by deposition of fat 15
achieved only by a post tve energy balance the caloric mtake 1 food
exceeding the output n body work There 1s no evsdence that the obese
patent differs from the thin person 1n the effictency of food absorption
speafic dynamuc action of certamn foods or in caloric output for a given
amount of work It follows that the obese person must differ from hus
shmmer colleague ether by greater food mtake or less body work
Differences 1 the quality of diets which are 1so-caloric play some part
as a hugh proportion of proten exerts a specific dynamic action which 1s

d by a lugh carbohydrate diet Experimental evidence sug-

not p
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adolescence. The response to a balanced dret 13 lluminating because both
acne and pmk stnae will disappear 1f the condinon ss merely 2 mmor
disturbance of puberty

In boys a different body configuration 15 common, the general obesity
bewng accentuated by adiposity around the hups lower abdomen and
over the pectoral mauscles A late onset to puberty with the gemtalia
submerged in pubsc fat lends 2 further suggestion of fermumty to the
body contours When puberty occurs face hair 15 usually scanty and the
pubic har does not grow up towards the umbilicus The eventual growth
15 perfecly normal and the boy becomes 2 well budt normal male The
condition 1s desertbed accurately by the term adipose gynandrism but
although one may recogmze this as 2 vaniety of normal development 1t
1s doubtful whether 1t can be considered as a defimte syndrome  Dietary
treatment for this obesity 1s necessary but endocnne therapy 1s unwar-
ranted unless sex development 1s unusually delayed, when treatment
should be as for any case of delayed puberty (sce pages 146 and 156)

In both sexes orthopacdic deformuties are common because of the
mechameal stram of obesity Genu valgum and pes planus are common
an wcreased madence of shipped epiphyses 1s also observed
Obesity 1n Pregnancy and Lactation

Buef mention must be made of obesity ansing 1n pregnancy and con-
tmuing in the period of lactation, Weight gain occurs with each successive
pregnancy and lactation may be profuse and prolonged The birth
waght of the children 15 well above normal 1n many mstances When
these patients reach muddle age they are prone to develop duabetes
mellitus “This assoctation of obesity large babies and eventual diabetes 15
of uncertam aetrology but considerable mterest
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Indeed there are many stmilarities m the psychological stresses afflienng
the chamn smokers and the snack caters Both would vehemently deny an
excesstve mdulgence m therr favounte pleasure  Of course densal of
excesstve eatng may be valid by the ime the patient sees a doctor A
positive energy balance 1s only present duning the dynamuc phase of
obesity when fresh adipose tissuc 15 bemng land down  In the static phase
which lasts for many years there 1s no further mcrease m weight and the
food requirement to mamtam a calonc equiibrum 15 within normal
hrmts To discover these facts the services of a skilled dietictan are most
valuable A proper dictary hustory will reveal many well concealed
calortes Indeed one can conclude that overeatmg 1s go per cent of the
cause 1n 90 per cent of obese people

ParTICULAR T¥PES OF OBESITY
Obesity 1w Chsldres

The ovemourished chuld 1s not only obese but usuallv tall and broad
for hus or her age contrastmg with the decrease 1n growth rate seen 1n
Cushmg s syndrome or 1 orgame disorders of the hypothalamus Most
mothers consider that something must be wrong with therr childrens
glands 1f they become obese and few admut to overfeeding However
1t 15 significant that many obese children are only cluldren with the
dietary spotling that mothers mdulge mn under the mustaken impression
that the clild must be fed Over-dependence on mother and hutle
phystcal activity make catng a major hobby for these patients Un-
doubtedly constitutional factors are also important but careful dietary
Tustortes wall reveal an unbalanced and excessive diet  An apprectation of
the relanonshups of mother to child 1s very necessary of their co-operation
15 to be gamed 1 carrying out the necessary dretary alterattons

Otesity 1n Adolescence

Obese girls of broad tall buld usually go mnto puberty rather carlier
than the average normal age As sccondary sex characters develop a
greasy skin and acne may be troublesome  Small puk striae may appear
on the abdomen upper thighs and round the axilac  These signs are
pethaps suggestrve of Cushing s syndrome However the normal or
increased stature general obesity with normal musele bulk and the small
size of the striaze Which are pmk rather than Iilac distmguish the benugn
disturbance of puberty from the senous and very rare Cushing ssyndrome
In some mstances distmetion 1s more difficult as there 1s no doubt that
adrenal funcon can vary through a wide range of normality dunng
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HorMONES 0F ADENOGHYPOPHYSIS

Clase Name Ao
() Disect Action GrowthHormone (GH)  Stmulates growth of  body
(in 5
Dubetogemc under certam exr
cumstances
(2) ActiononEndocrine  (a) Adsenocorcotrophin Stimulates growth of adrenal
ghands only (A CTH) conex and production of s
{srophuc hormones) hormons
() Thyrotrophun Sumulates growth of thyrod
(TSH) cells and release and production
of barmone
(9 Gonadotrophuns
(1) Follicle sumulatng | Smulates growth of gonads
hormone (FSH)  pproducton of hormones and
( ) Luteinuning Hormone [ regulanion of reproduction
(L H
(3) Luteotrophin Affets mulk production and
(Prolacts) corpus luteurn

Acrion or Growrs HORMONE
Hypophysectomy 1 the young ammal 15 followed by cessation of
growth The admunstration of growth hormone will restore the rate of
growth to normal without correctson of the other endocrine deficiencies
The degree of growth 1s proportional to the dose of hormone prolonged
admmsstration of Jarge doses produces a giant ammal of normal pro-
portions  Metabolic studies show that growth hormone promotes pro~
temanabolsm the mtrogen balance being strongly posiive together with
2 lowermg of the plasma ammno acid concentranion and a nise i serum
gac phospk e d of dietary protemn from energy-
producmng catabolism to the anabolic activity of body bulding alters the
composition of the body so that the amount of protemn ncreases at the
expensc of fat  The skeleton 1s sumulated to growth 1n the same manner
intense activity appearmg at the growing end of the bone  But growth
hormone has little effect on the maturation of the epsphyses or their clo-
sure. Thus the bones will continte to grow i length provided the
epiphyses remam unclosed but longitudinal growth will not result from
growth hormone if the epiphyses are already closed Consequently
excess of growth hormone will produce gigantism 1 the chuld but
acromegaly i the adult The organs of the body share 1n the growth
process excessive overgrowth of tongue and skin are immeduately
obvious to the chmetan - Endocrine organs mcrease somewhat m size 1
response to growth hormone but they shew no ustological esidence of
maturation and no funcnonal response In fact growth hormone pro-




CHAPTER III
THE ANTERIOR PITUITARY (ADENOHYPOPHYSIS])

ANATOMY AND PHYSIOLOGY

In the embryo the adenohypophysis arises from an upward evagination of
the stomodaeum When fully formed the gland les 1n the sella turcica

a hollow on the upper surface of the sphenoid bone Postertorly the
gland 15 related directly to the vestigial pars ntermedia and the posterior
pumtary There 15 2 double blaod supply a systemuc one denived from
the internal carottds and a portal system lymng around the pitustary
stalk which connects the adenoh ;

ypophysis to the hypothal It
has been stated already that this may be the pathway for some humoral
mechamsm by which the hypothalamus exerts 1ts regulatory function on
the anterior pitustary

The gland 1s a cellufar structure 1n which classical staung methods
reveal three cell types chromophobe acidophul and basophl Chromo-
phobe cells do not appear to have secretory acuvity but there 15 good
chntco-pathologrcal evidence to show that acidophil cells are associated
with growth hormone and basoplul cells with adrenocorticotrophn
However modern ustochemical methods indicate that the older staining
methods are too crude to allow a close analysis of cytology and function
but suggest that each hormone 1s produced by a speafic cell For the
moment 1s 1s more profitable to accept the traditonal classification of cell
types as a generalization than to speculate further on the detas of the
subject

The adenohypophysis iberates several hormones all of wiich are poly-
peptide or protem m natare These hormones have been extracted 1
physiclogical rather than 1 punty and a great deal remans to be
done on their chemical identification St hormones are now recognized
as distnct entines produced by the adenohypophysis as shown m the
table on page 19

The roles of the hypothalamus and the curculatng level of hormone
from the target gland m the control of pitatary hormone secretion
have been discussed fully n Chapter 1 The action of the trophic hor-
mones on theit target glands will be described 1n the chapters devoted to

these glands

8
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tron of the adenoma may oceur wath destrucnion of the rest of the piw-
tary The resultant hypopitwtanism 1s particularly severe i that the
panent has such 4 large body and 15 so weak. Luckily this unfortunate
termmation 15 rare \ The mam problem of gigantsm lies 1n the fact that
the affected child becomes a freak. Tt 1s most dufficult for a chuld to be well
adjusted and happy among hus fellows when he 1 physically so dufferent
from them The problem 15 particularly acute for a girl

Duacrosts

The diagnosis of piewrary gigantism 1s certam 1f the body 1s of normal
proportions the growth rate excesstve and the sella turcica expanded.
The presence of acromegaic features 15 further proof  The condition must
be dutngushed from 1 tall stawure which 15 of genenc
ongm has a high familial nadence and 1s not assocnated wath antenor
pitwtary enlargement  X-ray of the skull and an adequate family hustory
will ad the disinetion  In chuldren precocious sexual development 15
assocated with 2 somanc growth spurt  The child becomes above the
normal height but the cotrect diagnoss 15 apparent from the develop-
ment of secondary sex characters and the X-ray evidence of carly
eptphyseal dlosure In adults hoidal grg: 15 casily diffe d
m that childhood growth 15 normal the patent continumg to grow
when an adult with delayed eprphyseal closure  Moreover the growth 1s
dusproportionate the hmbs bemng excessively long compared to the
trunk, and secondary sex development 15 absent or mumal

‘TREATMENT

A conservatve policy 1s advisable A period of observation 1s necessary
to determune the actvity of the growth disorder  Unless 1t 15 progresstve
and the patient likely to become defimtely deformed, 1t 15 wise to observe
rather than treat  The treatment 1s deep X-ray therapy to the piruttary
Its possible effects on the other actions of the pituitary are the mam reason
for advocating caution m mieatg treatment. But the effect of radianon
on growth 1 prod 15 very good  No other form
of therapy has been found effective Premature fusion of epiphyses by
admunistration of sex hormones has been advocated — this 1s not advised
23 nduced sexual precoaty with acromegalic changes will result

Acromegaly
Actomegaly meanng large extreminies 15 the disorder which results
from an excess of growth hormone acting on the adult body Hence the
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motes protem anabobsm and consequent merease m size but at does not
promote maturatton or development

‘Fhe diabetogenic effect of certawn prtwtary extracts appears to be due to
growth hormone by reason of 1ts antagonsstic effect on the penpheral
acton of tasuhn It antagomzes the action of msubn on the hevokmase
cycle However growth hormone 1 not dubetogenic m all spectes or
under all esrcumstances In mam excessive secretion of growth hosmone
15 by no means mvansbly asociated wich diabetes 1t 15 presumed that
endogenous mmlm production. 15 mereased to counteract the effec of
growth hormone so that diabetes will occur only f msulin production
cannot nse to the required lovel

Pitoitary Gigantism

Gigantsm 15 defined a3 2 body heght which i above the range of
normahity for the patient srace  Prtuatary gigantism 1s due to an excessive
secretion of growth hormone d with ag phihe ad
of the piutary  There 1 hede relanion between the degree of hormene
excess and the size of the ad Consequently | signs of 2
space-filling lesion of the pitwtary fossa are usually absent despue marked
gigantsm  Pure ggantism can only occur dunng childhood If the

ditron 15 prog throughout adolk when the epiphyses ate

closing 2 muxed preture of gigantsm and acromegaly will tesule

Both sexes are affected the age of onset beng very vanable An early
omser 3t 4~5 years of age leads to extreme grgantsm wath recorded
herghts up to o feet The growth 15 excessive but normal sn character
The later the onsct the less the degree of gigantism and the grearer the
maidence of acromegahc festures lts progress 15 followed best by conm-
panng the growth curve with the curves for normal chddren  The herght
of the patrent will be above the upper range of normaliy and the
growth curve deviating upwards away from the normal A retum
towards the norenal growth carve indicates remussion of the disorder
Epiphyseal development remams normal and dhere 15 no evidence of
sexual precocty  Occasionally the growth spust 1s so mtense that acro-
megshe featuces appear m the thackering of the skin and coarsenmg of the
face even when the patient 15 well below the age of epiphyscal closure
Musscle bulk s not always matched by strength and the excessive hesght ss
not necessanly well supported  Therefore postural defects such as
kyphoss and scoliosis are common,

Gigantism 10 sts acave phase 12 2 bemgn disease Diabetes meklitus
appeats to be a very rate comphication. At 2 Iater stage cysuc degenera-
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constderable strength 1t 1s 2 common finding that muscle power 1s not as
great as the bulk would suggest

The viscera are enlarged but hver and spleen are not palpable There
may be enlargement of the heart ether with or without hypertension
Occastonally enormous hypertrophy of the myocardium occurs wath 2
normal blood pressure but with electrocardiographuc changes suggestung

h Hyp 15 probably more m \
than m the population as a whole It may be severe 1 degree and asso-
caated with papulloedema  Heart farlure or a cercbrovascular catastrophe
are not uncommon sequelac  There 15 some evidence that hypertension 1s
most marked duning the active phase of the disease the blood pressure
returning towards normal as the piwtary stmulus recedes If there 1s
progression to fulure of prewitary function then bypotension may be
found.

(B) AssociaTen ENDOCRINE DISTURBANCES

Duabetes mellitus compheates acromegaly 1n about one third of cases
Its Omset 15 by no means confined to the penod of most mtensive growth
and 1t continues long after the acromegahic process has become static
“The response of the dubetes to mnsulm 15 as vanable as in diabetes mellitus
without acromegaly some patients exhibiing marked msulin resistance
others 2 normal sensivity It appears that the dibetogemc effect of
growth hormone in the human 1s dependent on the capaity of the pan-
creas to secrete mcreased amounts of msuln  Active acromegaly 1 the
absence of dubetes suggests a hugh level of pancreatic functon while
transient diabetes disappeaning as the growth stmulus stops mdicates a
failure to produce a peak level of msulm. Permanent diabetes 1 the
absence of active growth 15 consistent wath 1reversible damage to the slet
cells following a phase of mcreased activity  Once estabhshed the course
of dubetes and 1ts treatment do not differ from that of other types of
the disease

Hypogonadism 1s commonly an early feature of acromegaly probably
due to an mhibition of gonadotrophn output as the pitwitary 1s com-
pressed by the cosmophul tumour Impotence m the male and amenor-
thoea 1n the female are very frequent occurrences at the omset of
acromegaly  Occasionally 1f the pitwtary tumour 15 unusually large
testicular acrophyand loss of body hatr s observed Following treatment or
with spontancous regression of the prtuttary lesion a return to normal
sex function 1s usual  Successful pregnancies have been recorded m
treated acromegalics However loss of hibido may persist despite an
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pure form of the discase which affects both sexes can only anse in adult
life usually before the age of 50 years The muved form of gigantism and
acromegaly has been described m the preceding paragraphs  The clmeal
picture of the disease has three facets  the general effect of growth hor-
mone assoctated endocrine disturbances and the local disturbances from
the pituttary tumour (an adenoma composed of acidophil cells)

(A) Growre HorMoNE ErEcTs

There 15 an msidious and progressive change m body form affecting
both skeleton and soft tissue  The skeletal changes are most obvious m the
skull and extremties Enlargement of the lower jaw leads to marked
prognathism and the teeth become separated from each other In the
edentulous dentures no longer fit the jaw and become unusable The
supra-orbital nidges are thickened and the promunence of this area 1s
further marked by enlargement of the frontal sinuses  Below the eye the
zygomatic arches are thickened At the back of the skull thickening of the
ocapital protuberance occurs  The long bones show httle change but
pertosteal thickening may be noted and exostoses aruse at the msertion of
muscles The phalanges of fingers and toes become thickened with

tofting at the end of the bone  In contrast to these hypertrophic changes

the spme becomes osteoporotic sometimes to a severe degree When
the disease has been present for years hypertrophuc osteoarthritis mvolves
many jomts and causes considerable disability Activity of the disease
does not control the development of the arthritis

The most obvious soft ussue change 1s visible m the skin which 1
thickened coarse mn texture greasy to touch and often rather hirsute
Its overgrowth creates folds at the back of the neck like the scalp of a
bull-dog The forchead 15 furrowed and the nasolabral folds are exag-
gerated leading down to thickened lips  Over the hands the redundant
skin leads to abnormal breadth and a spatulate appearance The under-
lying bony changes of skull and fingers accentuate the soft tissue growth
to give the diagnostic appearance of the disease In some patrents bony
changes predomunate 1 others these arc less marked than the soft tissue
abnormalines

Other organs are mvolved m the abnormal growth process Enlarge-
ment of the tongue with overgrowth of the papillac and hypertrophy
of the vocal cords combine to produce a charactersstically deep gruff
voce with some difficulty of articulation  Mauscle mass may be obviously
mereased but although 1n the active phase of the discase there may be
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considerable strength 1t 1s 2 common finding that muscle power 15 not as
great as the bulk would suggest

The wiscera are enlarged but bver and spleen are not palpable  There
may be calargement of the heart esther with or wathout hypertension
Occasionally enormous hypertrophy of the myocardum occurs with a
normal blood pressure but with electrocardiographic changes suggestung
sschaemua Hypertension 15 probably more m gal
than 1 the population as 2 whole It may be severe in degree and asso-
cuated with papilloedema  Heart fatlure or a cercbrovascular catastrophe
are not uncommon sequelae  There 15 some evidence that hypertenston 1s
most marked during the active phase of the discase the blood pressure
returmng towards normal as the pirwtary stmulus recedes  If there 15
progression to falure of piontary function then hypotension may be
found

(B) AssoCIATED ENDOCRINE DISTURBANCES

Duabetes mellitus complicates acromegaly m about one third of cases
Tes oniset 13 by no means confined to the period of most mtensive growth
and 1t contmues long after the acromegalic process has become statc
The response of the diabetes to msulin 15 as vanable as in drabetes melhus
without acromegaly some patients exlubiting marked nsulin resistance
others a normal sensivity It appears that the diabetogenic effect of
growth hormone n the human 1s dependent on the capacity of the pan-
creas 1o secrete mcereased amounts of msuhn  Active acromegaly i the
absence of diabetes suggests 2 hugh level of pancreatic function while
transient diabetes disappeaning as the growth smulus stops mdicates a
falure to produce a peak level of msulin. Permanent diabetes 1 the
absence of active growth 1s consistent wath isreversible damage to the islee
cells following a phase of mcreased activity  Once established the course
of dubetes and 1ts treatment do not differ from that of other types of
the disease

Hypogonadism 1s commonly an eatly feature of acromegaly probably
due to an mhibstion of gonadotrophm output as the pinutary 1s com-
pressed by the cosmophul tumour Impotence 1n the male and amenor-
thoea m the female are very frequent occurrences at the onset of
acromegaly  Qccasionally if the pitwitary tumour 15 unusually large
testicularatrophy and Joss of body hairss observed Following treatment or
with spontancous regression of the pituttary lesion a retumn to normal
sex funcuon 1s usmal Successful pregnancies have been recorded 1
treated acromegalics However loss of hibido may persist despite 2n
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apparencly normal gonadal system  Under these crecumstances 1t 18
probable that emotional rather than physical factors are the cause foriess
usually assocrated with neurotic manfestanons

There are rare instances of ptuttaty tumours of mixed cytology which
are associated with acromegaly and Cushing s syndrome  Other cases of
acramegaly may show acnie and hursutes suggestive of adrenal overactnity
m terms of androgen rather than the glucocorticord production as n
Cushing s syndrome  Thyrotowacons has also been descrabed i assoma-
tion with acromegaly but such cases are more rare than some anthors
suggest as 3 non-tovic goutre with a metabolic rate raised by the acro-
megake process has led to the ken chagnosis of hyperthyrowd;

A palpable enlarged thyrord 15 found m about 10 per cent of acro-
megalics Radio-iodine studies bave mdicated that thyroid funcaon 18
normal The goutre 35 not ahwvays diffsse and may contam an adenomd?
which 1s of particular mterest 1n that adenomata of parathyrosd slers of
Langerhans and adrenal cortex are also described This disturbance of
glandular stncture 15 probably due to excessive growth hormone and not
related to any functional dusturbance of the affected glands

{C} Locar Errects of TiE TuMOUR

Headache mvolvng the whole of the head 15 an early and often distres~
sing symptom  Its relationshup to the tumour 15 obscure as the pan may
persist when treatment has duminsshed the size of the growth The most
important evidence of an expanding tumour 1s the finding of visual defects
due to pressure on the optie chiasma  Enlargement of the blind spot and
foss of red vision 1s followed by bi~temporal h pta Papiloed
1s very rare but optic atrophy may occut at a late stage

COURSE OF THE Diszase

The onset 1s%ery msidious so much so chat gross distortion of the face
can occur wathout the papents reabzation The necessity for bigger
gloves and shaes 1 usually the first pont the panent nonces Headache
undue fangue and loss of kbrdo are the chicf complamnts

Withont treatment the disease becomes mactve after 1 fow years No
further overgrowth ocours the patient s dusfigurement remang con-
seant This stage commonly continues until the end of the paunent s hfe
Death 15 often d with the galy but hyp or
uabetes are potentually fatal complicauons of the disease Despite arrest
of the disease 1t 35 common to find that a number of symptoms persist
Headache and paraesthesiae of the imbs a feehng of eduusuon and
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wnabiliy to concentrate make 1t difficule for the patient to work  Osteo-
porosis of the spue and osteoarthninic changes in the jomts combimne to
diminsh the pauents mobihty It 1s difficult to deade how many
symptoms are due to endocrine dysfunction and how many to mental
disturbance  On the one hand evidence of hypogonadism s usually
present in these patsents who complam constantly of asthenta on the other
hand substitution therapy with the appropnate sex hormones does not
alleviate the symptoms i all cases Some patients show definute psychonc
changes 1n behaviour

Falure of antenor pituttary function 15 a rare complication of acro-
megaly ansing when the tumour after destroying the rest of the gland
undergoes degeneration  The resultmg chinical preture 1s sumular to pan-
hypopitwtansm ansing from other causes  The asthenic symptoms
tescnibed m the preceding paragraph raise the suspicion of hypopituitar-
1sm but 1t 15 seldom that cltmaal exammnation and vestigation confirm
the diagnosis

Visual defects depend ennirely on the size of the tumour and are not
related to endocrine dysfunction or the general progress of the disease
Hence the changes m viston must be assessed quite separately from the
rest of the disease  Once the disease has become static the tumour does
not merease n size and therefore the visual defects wall not change
Sudden haemorrhage into the tumour provides an exception to this rule

Diacnosts

Acromegaly 15 dagnosed on sight. If symptoms precede any gross
alteration 1n structure diagnosts 1s more difficule but the demonstration
of an enlarged sella turcica and a companson of the pattent s appearance
with previous photographs are likely to resolve the problem  Occaston-
ally the thickened skin of myxoedema 15 at first glance remunsscent of
acromegaly but the texture of the skin and the lack of skeletal changes
will dispel any confusion  Of greater importance 1s the normal indivadual
whose facial features are suggestive of acromegaly In these cases the
absence of change m features the presence of other members of the
family with the same type of face and a normal sclla turcica demonstrate
the normality of the patient

However casy the mitial dragnosss the mnsidious nature of the disease
makes 1t dafficult to assess the activity of the process I the patient gives a
convineng story of changing features and enlarging extremuties up to the
time of examumanion 1t 15 safe to assume that the disease 15 active When
this evidence 15 doubtful careful photography of the face and X-ray

c
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of the skull will be mvalusble for comparson wath simadar photograph
made after an interval of a few months There 1 no test which grves dur
enidence of excessive circulating growth hormone and the only chemieal
a1d 1 affected by other merabolic processes Thus 21d 15 the serum phos-
phorus level which 15 raised 1 active galy Repeated
of phosphorus (as phosphate} are of some vafue 1 assessing the actinty
of the discase espearally as the level will return to normal after successful
Phosph d are not of value

Apart from the mvestigations already detasled 1t 13 essentaal to plot the
patient s visual ficlds and to repeat the measurement at regular mteevals
A glucose tolerance test should be performed when the diagnosts 1s first
made and this too should be repeated at mrervals

TREATMENT

Two facets of the disease require treatment firstly the production of
growth hormene must be mhibited secondly the cyesight must be
preserved  The disfigurement and visceral changes of prolonged acuve
acromegaly are such that early treatment 15 indicated 1n alf cases where
there 15 any suggeston of progressive disease  Of course n the late stage
of the disease wherc 1t 35 quute clear that the pirmtary 1s no longer over
active there 15 no mdication for measures destgned to suppress pitutary
activaty

The most effectve method of mbub growth h i
deep X-ray therapy to the prtutary  The dose required (about 15000
4000 r ) 15 not likely to cause total prtutary falure The few cases who
farl vo respond will requure surgical removal of the pitmtary adenoma of
the amount of raduation already received 1s the maamum that bram
tissue can tolerate  An ancillary method applicable to women 15 the
admunistranion of oestrogens which appear to have some general sup-
pressive effect on the pitmtary  Menstrual seregulanties or post meno-
pausal bleeding may compheate this Ad a
oestrogen {say Stlboestrol s mg duly) only n the first threewecksof each
menstrual cycle wilt dimseush this rsk

The place of surgery in treatment hes entirely i the preservaton of
vision A tumour which has faled to regress after deep X-ray therapy
may threaten the patient with blindness  Under these conditions surgical
removal of the part of the tumour which mvolves the optic chiasma must
be undertaken  But a tnal of Xeray therapy should always precede the
hazard of surgical mtervention

Duabetes melhtas will chetary and p y
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wnsuln. Its treatment 15 1 no way different from that of diopathic
dubetes  Hypogomadism must be treated with the approprate sex
Lormone ‘The necessity for such treatment 1s rare in females but com-
mon 1 males

Dwarfism
A dwarf 15 a person whose height 15 markedly below the Limuts of
normal for hus race It s ble to recogmze a grad from the

dwarf to the panent of small stature whose departure from normahry 1
not gross. So many factors are concerned 1n the production of dwarfism
that true pumtary dwarfism due to an absence of growth hormone 1s 2
rareentity  Consequentdy the whole subject of dwarfism wall be diseussed
m s wider aspects before describing the pituttary type

The full herght of a person 15 determmned pnmanly on a genetic basis
There are wide differences 1 racul and familal genetic consututions
The natives of Lake Chad have an average height of 6 fect 4 1aches 1n
stnking companson to the tnbes of pygmues Less startling differences are
scen m famihes The body will not reach the full stature of which 1t 1s
capable from 1ts genenc inhentance unless there 15 good health 1n the full
sense of the phrase. Freedom from chronic mfectons and an opamum
diet properly utilized are necessary factors As the average dret of school
cluldren m thus comntry has improved over the years so has the average
height of chuldren mereased from one generanon to another

"The endocrine system affects growth m three ways  Growth hormone
gives an overall sumulus to protem anabohsm, probably aded by the
effect of msulin m controlling the unlization of food Thyrowd hormone
determmes the rate of metabolism and also the rate of body maturanon
(mclud devel of the epiphyses} Fimally sex h

%amm]aﬁy andmg:m‘ which are prcs‘cz‘xt 1 both sexes cause increased
schAuc growth, and determine eventual height by closure of the eps-
physes

A more detatled analysis of factors affecting growth 1s given on page 28
m a general classification of the causes of dwarfism It will be apparent
that the majonty of dwarfs do not suffer from pnmary endocrme disease
and that the problem of dizgnosis 1s one of general medrcne
Prrorrary Dwarmsm

A pitwtary ongin for dwarfism 1s obvious 1f there 15 2 demonstrable
leston of the sella turcica or if assocuated fulure of adrenals thyrowd and
gonads mdicates panhypopiewtansm, However such cases are rare and m
practice the dugnosts 1s made by ference after exclusion of other canses
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Causes of Dwarizsy 0 SMALL Statves

Actiology Type
1 Genehe Hereditary small stature

2 Nitntonal
(a) Deficient antake

(¢} Deticient absorption Steatorrhoea of aff types

3 Endogenous Aetabohic
Dust wrbances
(a) Duabetes mellius

(®) Anova Cyanone congenstal heart
duscase

Chironic anatmu
{0 Chrome renal failure ofall types
(O Hepatic fallure Carrhoss
(¢) Inborn etrars of
‘metabolism

4 Skeletal D sease

Remarks
Ofien 2 farmly hastory of short
statur~

Food fads with emotonal dis~
turbancer. A common type of
short stature

Often  assocuated  wath  Jow
calonic wntake from too stnct 2
diet

Fancomus_syndrome Glywogen
Storage Dueasc et

Srall stature probably some

(2) Congenual Achondroplasia
Osteochondrodystropbies
Osteogenesss imperfe ta
{8) Acquized Rackets
Tubereulo is
5 Chron e fect on Syphilis
Tuberculos s
6 Rare Syndromes of
1 ncertnn detiology
{a) Laurence-Moon-Bredl
syndrome
(b) Ulnck Tummer s
symdrome sl
{¢) Progera.
(d) Mongolsm
Promary Endoet ne Disease
(0 Lack of Prwtary (1) Prvwntary dwart
growthbormone  (z) Dwarf sm with sexual
nfantubism
{3) Dwarfism with
panhypopituitarism
(o) Hypothyrodism. (1) Creuns Sporadicand
endemuc
{2) Juvenile myxoedema
(9 Cushng s syndrome
{9) Precocions sexual
deverpment
{e) Faduse of gonadal

‘development

Na associated endocnine lesion

Iah biuon of proten ansbolsra
Early lose of ep phyes. Ob-
wious 10 carly adult hi

Obvious at age of pu\my only
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The birth weight and carly development of the pituttary dwarf
normal but at the age of s to 6 years 1t becomes apparent that the rate of
growth 1s no longer normal This slowmg of the growth rate becomes
morc obvious as the years go by Normal sexual development s exceed-
wngly rare m these cases so that mfanuliem (small stature with fadure of
sexual development) 15 found from the age of 15 years The panents
bear a strsking resemblance to each other Thetr bodues are perfectly pro-
portionate but very hghtly bule The delicacy of their features 15 en-
hanced by a fine soft skun grving the impression of a Dresden chuna figure
A normal intelbgence and often a sweet temper match their petite fragile
appearance Tlus type of infantlism has been called the Lorame-Leva
syndrome but as Lorame put his name to a paper descnbing infanulism
assoctated with tuberculosts 1t 15 wise to adopt the term pnimary pruntary
nfantihsm

Diacnosis

The majonty of duseases that give nse to dwarfism are obvious from
therr vanous manifestations  Confusion can amse between pinneary
dwarfism genctic small stature and nutnnonal disorders  Small stature
from genetic ongm may be distingwshed by the fact that the chid 1s
small from bireh the condition runs in the famuly and X-rays reveal no
dispanity between chronologtcal and bone age  Inadequate food mntake
due to refusal to eat or food fads 15 a common cause of small stature rather
than dwarfism The dsagnosis will be mussed unless an adequate dretary
hsstory 15 taken 1 all cases Sumularly cryptic steatorrhoea or chronic
anaemia must be considered with the appropnate mvestigations if there
35 any hustory of bowel disturbance or pallor Moreover these diseases
lead to delayed puberty wath retardation of bone age m a manner very
stmular to primary pruttary mfantbism  Indeed 1¢ 1s probable that there 1s
suppression of pitmtary growth and gonadotrophic function caused by
these defects of nutniion  The pomt 15 clear that a primary leston must not
be diagnosed unul these other diseases have been considered and excluded.
Lastly gonadal agenes:s with short stature may be confused with prewitary
dwarfism but the presence of multiple congemtal abnormahnes short
stature rather than dwarfism and only shight delay i bone agemg make
the correct diagnosis possible

TrEATMENT

At the present tme there 15 no relably potent preparation of growth
hormone for chmeal use Consequently treatment must be directed at
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improving nutrnonal status and correctng gonadal msufficency  The
employment of chorionic gonadotrophin or of the appropriate sex
hormone will lead to a marked increase 1 somanc growth but has
serious disadvantages Testosterone 15 the most potent sterord growth
stunulator but 1t will cause vinlism mn girls marked sexual development
i boys and early closure of the epiphyses Therefore 1t should be used
boys only after the age of twelve years Choronic gonadotrophm
produces a shght growth response which 1s proportional to the degree of
tesucular activity mduced 1¢ has hutle effect on gucls Tt may be used just
pror to the normal age for puberty Oestrogens cause sex development
with a growth spurt which 15 not so marked as that produced by andro-
gens Dosage and route of admunistration for these hormones are dis-
cussed 1n the section on hypogonadism (pages 145 and 156)

Sterords with mimmal sex effect but some protemn anabohe action
may be used but are rather disappomnting 1n practice And diol
15 a suitable preparation 1 doses of 20-50 mg daily

Any steroud treatment must be adjusted so that sex development 15 not
greatly m excess of somatic growth and serual X-rays of epphyses are
necessary to guard against premature closure with 1ts abrupt termunation
of growth

It 15 2 wase policy to withhold endocrme therapy 1 the child while
concentratng on an optmum diet By this policy of watching and
repeated assessment the growth rate may be observed

Panhypopituitarism (Anterior Pituitary Failure)

Destruction of the anterior pitustary with a loss of 1ts secretory fimc-
tion 15 followed by a functional farlure of the glands under pitwtary con-
trol The resultant syndrome was described by Stmmonds who mtro-
duced the unfortunate term Putwtary Cachexia  Comsequently 1t was
considered that emaciation was a major feature of panhypopstustansm 2
misconcepuon finally dispelled by Sheehan who not only clanfied the
clinscal prcture but the actiology of the disease

It has been estimated that about nine tenths of the anterior pitutary
must be put out of action before signs of falure appear Of course a
tumour may disturb function by pressure without gross destruction of the
gland 'The syndrome not only varies i seventy but also i the degree to
which any one target gland 1s affected In general damage to the pirmi-
tary affects first gonadotrophun and growth hormone production and
then the hfc g trophie b related to the adrenal cortex
and thyroid The metabolic disturbance may be comphicated further of
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the causative leston imvolves the hypothal Panhyp 1
more common 1n females because of its association with post partum
haemorrhage while space-fillngs lesions are the most common cause m
men The vanety of lestons responsible for the disease 15 histed below

(1) Ischaenmc Necrosis

Tschaemc necrosis occurs after an abrupt cessation of normal blood
fow The hughly vascular state of the prtutary during pregnancy and the
gross drop m blood pressure with obstetric shock explains why the most
common antecedent to this leston 1s severe post-partum haemorrhage
Puerperal sepsis does not cause the lesion.

In women xschacmic necross 15 the most common cause of panhypo-
prwtansm. Almost complete destruction of the pitwitary can occur with
severe endocrine disturbance  On the other hand when destruction 1s not
0 complete some degree of functional recovery may be seen

(2) Tumours

A wnde vanety of neoplasm both primary and secondary may mvolve
the pstuttary At the same nime the hypothalimes may be involved so
that the clucal picture becomes a muxture of hypothalamic and prtwitary
dysfi Neurological at hities may d the syndrome
as complete destruction of the pitustary 1s not common

Yhe important non-funchoning pinmtary tumour 15 the chromophobe
adenoma  Thus bensgn growth 15 very rare before the age of .0 and 15
usually seen n the fourth and fifth decades affecting both sexes Upward
extension with mvolement of the optic chuasma occurs carly so that the
panent presents with headache and visual field defects rather than with
endocrne symproms  An merease mn weight 15 also a charactenstic early

ymptom sugg: a hypothal disorder  Gross panhypopitwtansm
1s1ate but may anise after operative removal of the tumour

The erantopharyngioma (Rathke pouch tumour) 1s the other imporrant
space-fillimg lesion of pituitary onigin but 1t 15 not a teue neoplasm, ansing
as 3t does as a cyst m the embryome remnants of Rathke s pouch. Its
usual sitvation 15 sbove the duphragma sellae so that hypothalame
disorders may occur but m some cases there 15 considerable mtrasellar
expansion with very severe panhypopitwtansm It anses before the age
of 20 and 1 the only common space-filling lesion to affect the prtustary
mn the first two decades of e
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(3) Frbrosis

Subacute or chrome fibrotic lestons of uncertain actiology are not
unusual Fibrosis may of course represent the final stage of vartous patho
logical processes such as 1schaemic necrosts The degree of glandular
disturbance may be so severe that at autopsy the sclla turcica appears to be

empty

(4) Granulomata

These are rare causes of panhypopitwitansm but both syphiis and
tuberculosis can eause destruction of the gland  Both condinions must be
constdered 1f the disease anses 1n the absence of a demonstrable tumour
or ustory of post-partum shock A cunous condinon of uncertam
aetiology 1 the grant cell granuloma which ray affect other glands apart
from the pitmtary

(s) Trauma

Head myury 15 very rarely followed by anterior pimtary fadure but
surgical procedures mvolving the gland may lead to complete pituitary
destruction and are sometimes designed to do so

Crumicar Course

The climical picture 15 determined by the presence or absence of a space-
filling lesion with attendant neurological abnormalines the possbility of
hypothalamic involvement and the age of the patient Obesity suggests
hypothalamic damage wlule diabetes msipidus confirms 1t It must be
remembered that scvere anterior pituitary falure may mask diabetes
msipidus 1n that the polyuria ss only slight and the unne speatfic gravity
not so low This 15 due to the associated adrenocortical falure Treat-
ment with A C'T H or corusone 1s followed by the full polyuria and low
specific gravity of a frank dubetes msipadus The age of the patent
determunes growth and sexual disorders Dwarfism 15 only apparent if
the leston occurs 1 childhood and sexual nfanalsm 15 present if the
disturbance anses before or during puberty In the elderly hypogonadism
15 difficult to evaluate

Perhaps the most plicated form of the synd 15 seen after
aschaermc necrosis of the gland because there are no neurological abnor-
malities and no damage to the hypothalamus The lesion 15 acute m
onset but chronicn its course so that a description of the chintcal prcture
which results will be the best account of pure panhy poprtustanism

After recovery from the mittal obstetric shock the first sign of an endo-
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crine disturbance 1s fulure to lactate Convalescence is prolonged weak-
ness and lassitude perssung  Dunng this stage 1t may be noted that the
pubichair shaved prior to labour 15 growmng very stowly  As the months
go by the patient shows no signs of returning to normal actvity  Muscular
weakness and excessive fatigue are coupled with a marked lethargy
which restocts daily routne and may abolsh normal e There 1s a
tendency to fammess on standing and dizziness perhaps with some mental
confusion on fastng Any infection 1s poorly tolerated with an exaggera-
tion of the fabigue and weakness

The nutritional state remains good as ¢maaation 15 not charactenstic
of the disease  An mitual loss of w eighe of puerperal sepsis 1s present ss not.
followed by further wasung Indecd there may be some weight gam m
those cases which are pred: ly hypothyrord Failure to recogy
thus pome has been the mam reason for mussmg the dugnosis of pan-
hypopitmtansm

Another characterstic feature 15 an mtense feeling of cold even in a
temperate environment  The patient 15 chulled to the bone and huddles
close to the fire This symptom 15 so marked that 1t 15 often volunteered
by the patient at an early stage mn the hustory taking

Amenorrhoea persists from the onset of the lesion. Very occastonally
an 1rregular scanty menstrual loss occurs at long mtervals - Atrophy of the
genital tract leads to pamn on cottus while complete loss of Libido 15 the

e

Once established the discase pursues 2 prolonged course lable to
abrupt termmnation i adrenal or hypothyrod ensis but usually lasting
for many years 1t 15 not uncommon to find a patient grossly disabled
by the disease who has survived twenty or more years without treatment
Bue the hold on hfe 15 precanious at all times and 1 the late stages the
pattent 1s reduced to a twalight exastence more vegetable than human

Prysicar S1ons

The undertymg disorders of function are a combination of hypo-
gonadism hypothyroidism and adrenocortical msufficiency The general
appearance of the patient suggests myvoedema from the thu scalp har
scanty eyebrows puffy eyelids and face and the monotonous low voice
But the skin texture 1s very fine and soft with 2 uniform pallor which 1s
often extreme  Definite wrnkling around the eyes contrasts with the soft
hailess skin to make a cunous mixture of youth and age from which
the actual years of the patient cannot be deduced Body hair 1s absent or
very sparse and the aillae fiee from sweat  Some pallor of the mucosae



34 INTRODUCTION TO CLINICAL ENDOCRINOLOGY

35 the rule but the skin pallor 1s always more marked  the only pigmenta-
tion seen 1s on the legs from erythema ab sgne a confirmanon of the
patient s complamnt of cold

The valva and lower gemtal tract 1s atropluc and the uterus often
mmnute  Atrophy of the breasts 15 seldom obvious clinically

Cardiovascular abnormality may be mdicated by a slow regular pulse
and a degrec of hypotension more marked on standing  There 15 nothing
remarkable about the nutniional state of the patient At a late stage
emactation may stem from anorewa but 1t 15 mdicative of the stage of the
discase and not of the diagnosts

OrHER FORMS OF PANHYPOMTUITARISM

When the disorder anses 1n childhood or adol the pred
endocrine features wall be dw arfism and sexual mfantilism  It1s unusual to
see gross clmtcal evidence of adrenal and thyroid msufficiency m these
young patrents

The partial destruction of the pitwitary by 2 chromophobe adenoma
presents a prcture of hypogonadism with the fine harrless skin of pan-
hypop 1sm - and a mod; obesity

In some cases hypothyroidism 15 the domunant feature the whole
picture closely resembling my~oedema except for the fine skin and gross
loss of body hair

COMPLICATIONS

P:y:ham

In the [ater stages of the disease mental apathy passes on to a psychotic
depression or severe mental confuston and disonentation It must be
remembered that both Addisons disease and myxoedema precipitate
psychotic changes so that 1t 1s not surprising to find the pattent with
panhypopitutansm developmg mental disorders which may necessitate
mstieutional care  Occasionally frank psychosis becomes obvious for the
first time when treatment has been instituted and the ongmal apathy
disstpated  Acute manta with delusions 1s common under these conditions

Pregnancy

This 15 not so much a complication as an mdicatzon of partial recovery
whuch has enabled conception to take place Cases have been described
where complete cure of the cond, has followed the p y Of
coutse such a recovery may have occurred just prior to conception
However some go through pregnancy mn 2 good state of health only to
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relapse quite severely sn the puerpenium A further 1mportant powt
anses m those patients who have developed the discase after a post-
partum haemorthage  Subsequent pregnancy may be followed by another
post partum haemorrhage recurrent retention of placenta 1s the usual
cause This possibiity must be annaipated and necessary precanpons
taken.
Aaite Crises

A cnisis may be the termunal breskdown of the panent s adjustment to
the disease or be preapitated by infection or trauma  Any operation n
the regron of the pitureary can cause such a ensis and the possibility should
be considered 1n the duagnosis of any disturbance of consciousness follow=
g surgery of ths type Clouding of consciousness drowsness and
withdrawal from reality ave mdeed symptoms common to all types of
crsis whatever the preapitating factor  Three types of cusis can be

guzed dmg to the pred disorder of function although

tearutes of each type may be present at the same nme
(a) Electrolyte Crists

Salt depletion from excessive unnary loss with potassium retention
ansing from ad ucal insufficency (in terms of locorticotds)
Dehyd ‘ k h are found

y extreme and hyp
As i Addisoruan cnisis anorexa 33 followed by vomuung which exag-
gerates the dehydration yet the unnary chlonde remams normal or lugh
{8} Hypoglycaemic Crisis
Dramatc falls m blood-sugar accentuated by fasung are duc to
fhi adrenal glu s D and apathy give way to
complete confusion often with exciement which ends i convulsive
movements akin to eplepsy A less obvious clmcal picture due to the
same lack of ltke steroids 15 graduall g fatigue asso-
cuated with extreme anorexia - Generalized aches and pawns often accom-
pany the feeling of lassitude whle the patient ceases to take an mrerest
1 bis surroundings and hus 1 may be buzarre In this
type of crusis the blood pressure 1s usually normal and dehydranon does not

Oceur

(<) Hypotherne Crasns
This 15 predomunantly due to hypothyroidistm and 1s sipular to the crns
5 H enal msuff

of my wever a y 15 always present and
will be exacerbated 1f treatment 15 by means of thyroid evtract only The

omset 1 gradual the pattent slowly sinkung mto a vegetable state both
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and ph

physically The body temy e slowly falls and as 1t does
so the panent passes from stupor to deep coma wath a marked brady-
cardia and hypotension At the end the corpse-like body shows 2 spark
of hife solely by occasional respiration  This form of crisis has been
termed wath some accuracy a ibernation coma

1

Dragnosis

Multple glandular defi 1es must be d d to suggest the
duagnosts while visual field defects and the radiologacal appearances of an
expanded or destroyed sella turcica confirm the disorder of function and
mdicate the actiology It 1s important to seck for a hustory of post-
partum haemorrhage and for evidence such as the giving of a blood
transfusion which will support the patient's story  Only severe post-
partum haemorrhage will be followed by prtuttary necrosis and 1n many
cases alarming haemorrhage does not lead to any subsequent pitmtary
disorder  The common difficulnies 1 diagnosn anse with the following
disorders

Non-Enpocrine CONDITIONS

Perststent Anaema

A patient with a haemoglobmn of 60-75 per cent yet with extreme pallor
and symptoms of a greater seventy than the anaema 1s Iikely to cause 1s
possibly suffening from hypog 1sm In all h
which fail to respond to treatment the question of endocnne disturbance
should be considered  On the other hand a number of patients suffer
from anacmmn after post-partum haemorrhage with complamts of weak~
nessand fangue yet have not prtwitary mnsufficiency  Rapid reponse of the
1 globm and symp to I will dispel any doubt as to
the diagnosis Normal body hair lactation and menstruation will exclude
panhypopituttanism

Neurosis — Nervous Debility
Such condiions are common while panhypopituttarism 1s rare so that
on many occasions the physical app of panhypop goes
unrecogruzed and the pauent is labelled a neurotic because of constant
fangue and depression. If frank psychosis occurs its endocnine ongin
may not be reahzed
A word must be said on anorexna nervosa 1f only because 1t used to be
onsidered that the emaciation charactensuc of the condition was also

seen 1n panhypopituitarssm.
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The rarity of emacation n prtuscary msufficency has been made clear
already  Anorexia nervosa as the name amplies 15 a state of stanvation
following complete loss of appette of psychic ongin  The condition 1s
often hystercal i nature but may be due to more severe mental allness
It 15 most common 1n young unmarned women Amenorrhoea 1s an
early symptom occurring before there 1s gross loss of weight. Absolute
refusal of food leads to extreme of 3 conc
camp yet the panent 1s stll active and not unduly fangued  Indeed com-
pulsive activizzes may be 2 feature of the disturbance In contrast to the
hanless fine skin of panhypopitwitansm there 15 a covering of fine downy
hair over a dry rather coarse body skin  The only confusing pomt
diagnosss 1s the fact that long standing starvation gives rise to a functional
depression of the pituitary  Therefore the history and physical examna-
tion of the patient are more reliable than tests of pitustary function

ENDOCRINE CONDITIONS
Myvoedema

Many cases of panhy popitwitansm present with hypothy rotdism as the
dominant feature The puffy face slow hoarse vorce and sensitivity to
cold ate common to both forms of hypothyroidism  But the texture and
colour of the skin 15 very different for 1n myxoedema the sk has a yel-
lowy tnge with red patches on the cheeks and a coarse rough feel
Moreover loss of scalp hair and eyebrows 1s more marked than thinning
of body har while the reverse holds true for panhypopitwtansm.
Chrucal evidence of adrenal msufficiency 1s absent and severe hypogonad-
1sm does not occur m myvoedema although there may be ch 1
evidence of hypofunction of these glands If such tests gve equvocal
results a short course of thyroid therapy (only 2 small dose should be used)
will be followed by a retun to normal values for the tests if the panent
has myxoedema It should be remembered that the chimcal response to

thyroid therapy 1s more definite in primary my<oedema than mn panhypo-
prtustansm

Addison s Disease

Prgmentation of skin and mucous membranes 15 charactenistic of
Addison s discase while lack of pigmentation 15 typreal of panhypo-
P Ths 15 2 fund: d distinction between the two diseases
Confusion may arise 1f 1t 1s not realized that loss of body har 1s common

tn women with Addison s disease and that some mtolerance to cold may
be 2 mmor symptom
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Ams 1o DiacNosis

Two lines of mvestigation are required  the first to confirm the disorder
of function the second to discaver the actiology of the lesion  The most
useful tests of function are those concerned wath the thyrord and adrenal
(see Appendix) In particular fadure to elimunate a water load and the
response to mduced hypoglycacmua are valuable although the latter test
1s not without danger A very low Jevel of ketosteroid excretion 3s found
m both sexes and a four-day course of ACTH will rasse this level
indrcating that the adrenal is mtact  Simular techmques of samulation are
being developed as tests of thyroid function, utilizing the uptake of radio-
1odine to the gland before and after the admuustration of TSH The
only direct assay of prtmtary hormones which 1s avaiable at present 1
the determmation of urmary gonadotrophins However —techmques
suitable for the determnation of very small amounts of gonadotrophun
are not enirely satisfactory and the assay is not widely avarlable

The aenology of the leston may remam unknown unless 2 space
oceupymng leston of the pitutary 1s present or there 15 2 good history of
severe post-partum haemorrhage An X-ray of the skull wath a specal
view of the sella turcica 15 an essential mvestigation A Wasserman
reaction should not be forgotten if the aetiology 1s obscure

TREATMENT
Physiological replacement therapy by means of an antertor pitustary
extract 1s not a practical prop an herefore depend

P
on the correction of vanous aspects of the diorder The hormones
requtred are isted m the order of practical importance

(1) Cortisone

Mamtenance of adrenal function ot adequate substitunon for 1t 15 the
most smportant aspect of treatment  The convemence of oral admmstra-
tion makes cortisone the hormone of choice It1s parnicularly valuable as
gl d rather than locorticord activity 15 required m pan-
hypopituitarism. If necessary extra salt can be gven and very rarely
mdeed will such salt retaming hormones as deoxycorticosterone be needed
as additional therapy  An adequate dose of cortisone ranges from 12 5 mg
to so mg per day m the absence of mcdental mfections or trauma It 1s
‘wise to admumster the hormone at least twice daily the doses bemng spaced
evenly

The only complication of this 15 the b of a Jatent
psychosss m long standing cases Frank mania may result unless small doses
are used mtrally and the mental state most carefully assessed at the outset
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() ACTH

It 15 logacal to restore normal sumulation of the adrenal by ACTH
It 15 1deal a5 1mutral treatment but of the discase 15 of long duration the
adrenal response will be slow er than normal so A C'T H 15 not a suttable

gency 1 the p ly d case Long term treat-
ment necessitates repeated mjection although the number can be reduced
to one or tno 2 week by using ACTH gel
(3) Sex Hormones

In distinction from uts sex effects the protein anabol action of testo-
sterone has proved of great value nthetreatmentof esther sex Itimproves
muscular power resistance to faugue and general well-bang  Vinlization
of female patients 15 very uncommon at the dosage required Methyl
testosterone 10-.0 mg daily or implants of pellets of testosterone from
200-400 mg every six months are sustable regimes

The greater efficiency of cortsont m general treatment 15 brnging
testosterone back to 1ts role as a sex hormone for male patents only
Cortisone will often restore libido but does not mfluence potency
Therefore androgens are required for of normal pemle erection
and volume of ejaculate The route and type of admmstration 15 simalar
to that for hypogonadism (see Chapter IX)

In the female the mdication for the use of oestrogens 1s the atrophy of
the lower genutal tract rather than amenorrhoea Unless the panent 15
senously disturbed by her lack of menstruation, production of an oestro-
gemc withdrawal bleed 1s a doubtful luxury However atrophy of the
vagimal mucosa canses dyspareuna which 1s cured by oestrogen therapy
Small doses of oestrogen (1 ¢ stilboestrol 0 s mg daily) may be sufficient
and can be given contmuously If larger doses are required 1t 15 wise to
gwe cycheal therapy three weeks of ocstrogen daily followed by one
week without treatment By repeating this course month by month
withdrawal bleeding (i this mstance a justified necessiry) will occur m the
week without tablets thus avoidmg the possibility of severe haemorrhage
which can occur after prolonged contimuous oestrogen therapy

Progesterone {or ethisterone) has no practical application 1n the treat-
ment of panhypopitwtansm
(4) Thyrotd Extrart

An mcrease m the metabolic rate when the adrenals are 1n a state of
hypofunction. may preciptate acute adrenal msufficiency For this
reason thyroid should not be used as the only mode of therapy But
many cases hypothyroidism 15 the dommant aspect of the disorder so
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that thyroid 1s essential for successful treatment  Prowided that cortisone
or testosterone 1s given stmultaneously an ymtial dose of thyrod gr 1
dally 15 safe  After two or three weehks this dose can be doubled sf con-
sidered necessary and after a further mnterval of three weeks 1t 15 sofe to
pass to a maximum of gr 3 daily Larger doses than thus are not required

TREATMENT IN Sprciat CIRCUMSTANCES
Operations iy olving the pitsitary

Surgery in thus area may cause temporary or permanent damage to the
pitwtary particularly af the gland stself 15 diseased  Deliberate removal of
a normal pitwitary 15 sometimes carried out for the amelioration of carct-
nomatosts (from a primary m breast or prostate) or severe hypertension
Immediate post-operative piturtary falure may be avorded by the admm-
stration of AC TH 60-80 mg daly given n sis-hourly meramuscular
njections and started at least two days prior to operation This dose 15
contnued until the fifth or sixth day post-operatively and then reduced
by 5o per cent each day so that the effect 15 gradually dimmshed rather
than stopped abruptly During the operative period 1t 1s not necessary to
give extra salt so the normal daly requirements (s-8 grms ) should be
given  The mmual ad be and s per cent
dextrose with # normal saline 1s preferable to normal salne

Any disturbance of consciousness after the operation suggests uncon-
trolled hypopiturtansm sf traumatic causes can be excluded Increasing
lethargy proceeding to coma or gross anorexia with vague aches and
pams 15 very suggestive of piturtary msufficency The response to
100 mg of cortisone 1 m may be a diagnostic aid

TREATMENT OF CRISES

Treatment of a crusis 15 directed towards the cause of the collapse
usually an infection and the rapid restoration of the Jevel of arculatng
glucocorticonds  In the absence of demonstrable anfection it 15 3 wise
precaution to start pemcilln as a safety measure The most effective
hormone therapy 15 hydrocortisone so mg 1 alcohol given rapidly via an
ntravenous mfusion of 5 per cent dextrose At the same time ntra-
muscular cortisone 100 mg should be given so that 1ts absorption will be
effective by the time the mitial it therapy 1s disc d
Repeated 1ntr: [ of 100 mg corusone every § or 12
ho{xrs will be necessary until the cnsis1s over  The response of the adrenal
to ACTH 15 too slow under these crcumstances to warrant 1ts usc
Salt depletion 1s rare and satsfactorily dealt with by an mfusion of 1fs
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normal sakime There 1s admgcr of giving too much waterat a ime when
Water exeretion 15 1mp Therefore therapy should be
continued with caution the water and salt requirements beng judged
according to the Joss m the unne Pnmanly muneralocorncoid pre-
Plﬂﬂom are not nthSSer

The treatment of hibernation coma 15 very difficule. Warmmg lhc
panent by an electric cradle must be undertaken but the
be rased very slowly indeed  Intravenoushy drocortsone 15 the hormone
of choxce although the progrosss remains grave despue treatment The
veved problem 1s whether or not to admunuster thyroid for undoubtedly
hypothyroidism 15 the domunant lesion. Massive thyroid therapy has
been artempted but the wiser course 1s to give thyroxme mn moderate
dosage {0 1 mg orally twice daly) The quicker action of tr-1odothyro-
une 15 to be preferred and 1f avalable 1t should be grven 1n doses of

00.~004 mg twice daly ‘The ranty of the condition does not allow as
yet for any standard treatment




CHAPTER 1V
THE THYROID

Anatomy
‘TrE shape of the thyroid resembles a butterfly the isthmus represennng
the body and the right and left lobes the wings The gland Lies over the
antenor and lateral aspects of the trachea The 1sthmus 15 about 4 mm
thick and square m shape {about 20 X .o mm ) covering the antertor aspect
of the trachea just below the cricord  The lobes are about 40 mm m
length and about 25 mm antero-posteriorly with a thickness {lateral from
the trachea) of 15-20 mm  The upper part of the lobes are well demar-
cated reaching to the level of the thyroid cartilage

The thyroid 1s covered by a thin fibrous capsule which sends septa nto
the substance of the gland giving nise to an rrregular lobulatron of the
surface  The blood supply 1s abundant with many anastomoses Two
parrs of artenies supply the gland the superior thyrod artenes from the
external carotids and the mfenor thyroid artertes from the subclavian
artery Thenerve supply doesnot appear to be of great climcal importance

The functional umit of the thyrord 15 the follicle which 15 roughly
spherical with a mean diameter of about 3004 Its wall consists of a single
layer of epithehal cells which synthestze thyroid hormone the shape of
the cell vanes with functional activiey being cubordal under normal con-
dinions and columnar with hyperactuvity The centre of the follicle 15
filled by colloid a protem substance 1 which the hormone 1s stored

The normal thyroud 1s just palpable provided the neck 1s thm  The
examuner should stand belind the patient using the fingers of both
hands for palpation with the patient s neck held nudway between flexion
and extension  The gland moves with deglutiron and the patient will co-
operate better 1f given some water to swallow

Tre HORMONE
The thyroid synthesizes 1ts hormone from tyrosme and todine  The

steps leading to hormone secretton are as follows
(x) Concentratson of Iodide sn the Gland
The thyroid 15 capable of extrachng sodide from the blood and mamm-
taimng a concentration of 1odide that 1s many times above the blood con-
on No other organ has thus property (the salivary glands have a
e

centraty
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weak 1odde concentrating power) ‘The capacity to concentrate 10dide
1s distinct from the mechamsms by which yodide 1s converted to hormene

(2) Combrnation of Iodide s:sth Tyrosme
Tt 15 most probable that drodotyrosime 1s the first product formed
rather than mono-1odotyrosine

(3) Conversion of Di~todotyrosine to Thyroxe

Two molecules of disodoty are condented to form a molecul
contaming four 10dine atoms which 1s tetra sodothyromne or thyroxne
Extracts of thyroxd contam thyroxine m 2 racemic mixture  but laevo
thyroxine 15 8-10 tumes more potent than the racemue muxture and 1s
probably the form i which thyroxine 1s present 1a vive

(4) Storage of Thyroxine 1 Collod
ryroxne 1s stored 1y the collod of the thyroid vesicle n the form of

thytoglobulm  The molecular wesght of this compound 1s too great to
allow its passage mnto the blood stream

D sodotyrosine
!

HO QCH, CH {NH,)COOH

Tetra rodothyrommne = Thyroxine
[} i
Ho ©~ o- @CH,CH {NH,)COOH
1 ]

Tn 10dothyronune

! 1
HO@‘ o ~®CH,CH(NH,)COOH
i

lopNaTep COMPOUNDS RELATED TO THE THYROID
(5) Release of Thyroxime into Cireulation
Thyroxme 15 detached from 1ts loose combmation with protemn n the
collosd and passes through the thyroid cells mnto the blood stream
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(6) Action of Thyroxme on Thssues

Recent work makes 1t very probable that thyrovune which 1s the wreu-
latng thyroid hormone 1s mot n stself the agent dircctly affecting the
ussues The active ageat appears to be tr-iodothyronme The necessaty
de-todinanon oceurs i the tssues and the actwty of sri-iodothyromne 1
at least five tumes that of thyroxne Morcover sts speed of action i
qucker and the duration of 1t effect far shorter than thyroxane

ConrroL or Tryrad AcTivtry

The pnnapal controlhng factor 1s TSH  (thyrotrophic hormone)
secreted by the anterior puustary  In terms of the hormone cycle s
first action 15 to promote the release of thyraxine from the collod into the
blood stream  ts second actiors 1s to ancrease the uptake of iodide which i
tarn leads 10 2 ugher tate of hormone synthess Thus TS H rauses the
asculating level of hormone by deplenng che store of hormone already
formed and mamtams the agherlevel byncreasmg the rate of synthesis By
these mechanusms the passage of 10dse through the thyrod 15 accelerated

Cytological changes accompany the fincnonal alterstions determined
by TSH  the amount of colloid dimmgshes and the cellular elements of
the gland mcrease  The cells of the vencles change from cubordal to
columnar epithelsum and hyperplan follows 5o that papilary mgrowths
fill the centre of the vestcle from whuch collowd has been removed

As already stared the degree of TSH sumulation depends on the
feed-back mechanism a falhng level of arculating thyrod hormone
leading to an ncreased secretion of T S H and vice versa By thus meanta
copstant level of thyroid hormone s ensured but smpulses from the
cerebral cortex d via the hypothal: can alter the sensitvaty
of the feedvback control Others factor mcluding the autanomic system
do not appear to exert 3 direct influence on the thyroid

Tug lomwe Cycre

Immense strides tn the knowledge of thyroid physiology have been
made 1n secent years by the wse of radwo-active jodine Having emerged
from the field of pure research 3sotopc s0dine now makes fmportant
< Y to the d and of thryoud disease  For thus
reason the wdine eycle must be deseribed

In a normal dret about 100-.00 mucrograms of odmne are consumed
datly (in the form of todides)  The armount wall be considerably greater
1n those who eat large quannnes of fish and wll also vary according 10
the 1odine content of the dnnking water Jodne 1 absorbed rapidly and
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completely by the stomach and upper part of the small ntesune On
reaching the blood stream 1t diffuses into the extra-cellular flud, taking
about three hours to reach equilibrinm. At thus stage the tissue concentra-
ton of rodune will be directly propostional to the blood Ievel.

Todine arrculating as todide 1s removed from the bloodstream by two
mechanisms firstly by thyroid trapping and secondly by renal exerction
mtotheunne The rate of disappearance of 10dine from the blood depend
upon the efficiency of the thyroid and kidney Excretion 1n sweat and
salva plays a very small pare m the elummnation of the element

On entenng the thyroid the 10dmne 1s rapidly combined with tyrosine
to form thyroid hormone It remans 1 hormonal form stored n the
collowd for many days probably for 2-3 weeks On discharge from the
thyroid the 1odine airculates as hormone passing through the liver enter-
g the bile and bemg reabsorbed from the gut mto the blood In the
tissze the hormone 15 broken down so that 10dide 1s released to stare 1ts
cyde agan.

‘TxE Action oF Tityro HORMONE

The overall action of thyroid h 1 1 of the bol
rate In the child 1t has an 1mp effect on the of nssues
Tbe rclmonshlp of hotmom] action to the signs and symptoms of thyrord

dy can be ind; d clearly m the foll g table

sesf Disognen or FuncTion
te of Action Hyperact ty B4
Metbole rate Weight loss Weight
) Penpheral Pale iy cold skin
Sw:nmg hot sk
Heart Tachycar Bradycardia
(auncuhr Fonllation) w carduc output
Increased earduc output Low pulsc pressure
High pulsc presure
Central Nervous Systemn  Increased autonomuc achon  Lethargy and stupor
Anmery and Labile emotions
Growth
(o) Skeletal s turation nczessed growth ate 1 Delayed gromth
{2} Cerebral maturation Ep physcal dy gencns
Mental retardation
Alimentary tract Tendency to durrhoca Con tipation
Bone marrow Anaema
Tussues Myxoedenc whltration of skin
and fud retention
Othee metabolsc proce:
(£) Chole teral " (1) Decreased serum Increased serum cholesterol (ugh
choleste ol madence of o onary artery
dusease)

() C laum (2) Osteoporous

Other Endocrnes Disturbed menstrval thythm  Hypogonadism

renal function umpaired
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Goitre

The term goutre may be applied to any enlargement of the thyroid due
o any lesion varymg from lack of 10dine to neoplasia  Hence 2 label of
goitre without qualification 15 of no dragnostic sigmficance and merely
alarms the patient  All classificattons of thyroid enlargement can be
attacked by the punst because the vamety of histological change 1
limited and the correlation wath function 1s poor In practice the physio-
logical abnormalities underlymg the thyroud enlargement ace the import-
ant clement so that a classification based on these factors 1s that of greatest
nterest to the cliucran

CLASSIHCATION OF THYROID ENLARGEMENTS
A With normal hormone production
1 Todine lack
(a) Endemic gortre
{b) Sporad toxic goutre (espectally of puberty and pregnancy)
2 New Growths
(a) Adenomata
(b) Metastasismg Tumours (also secondary neoplastic deposits 1
volving thyroid)

3 Thyrowdins
(e) Hashumoto s Type (disorders of hormone production may occus)
Lymphadenoid goitre
{b) Riedel s Type
(c) Infectve

B Wk disordered hormane production

1 Hypofunction

(a) Gortrous Cretntsm  Endemuc
Sporadic

(6) Admnstered gortrogens

2 Hyperfunction  Thyrotovcosts
(a) Arising ssimultaneously with thyroid enlargement
(8) Associated with previously non-towe gostre
(¢) Ansing 1n an adenoma

Endemic Goitre
In certam areas of the world many of the population are affficted by 2
thyroid enlargement which may reach enotmous proportions The com=
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mon factor to all these areas s a deficrency of 1odime 1n dret and drnkimg
water
The relanonship between 10dine deficiency and thyroid enlargement
was d d dearly m § land and elsewhere the percentage
of the population with enlarged thyrods was found to be mversely pro-
portronal to the sodme concentration of the dunking water  The -
troduction of rodised sale mto the diet was followed by 2 dramatic
decrease 1n the madence of gortre

This carly chnical work has been amply confirmed i the laboratory
and by modem methods of cliucal study 1n the Andes Itis now apparent
that factors other than 1odine deficrency may be responsible for this type
of goitre by interfening wth the thyrord s unilization of available odme
Gottrogens 1 certam vegetables and varanons m calaum and fluonne
concentrations of drnking water have all been ncnnunated  On with-
drawal of 10dme from the diet the thyroid undergoes compensatory
hypertrophy under the mfluence of TSH The enlarged gland has a
matked avidity for 10dine for 1t 15 only by an increase 1n 1ts efficiency to
concentrate 10dide that normal hormone production 15 possible 1 the
presence of a low serum 10dide level As hypertrophy contnues the
hustology changes from the smitral proliferation of cells to areas of atrophy
1n which the vesicles are distended with a poorly stang collowd and cel-
Tular clements become rare In the late stages when the gland has reached
a3 very great size the whole structure consists of large colloid cysts this s
the end result of alternaung waves of hyperplasta and exhausnon
atrophy

The world distribution of endemic gotre shows a predilection for
mountanous areas In Europe the Alps Carpathians and Pyrences m
Asa the Fimalayas and in Amenca the Andes are all areas where goitre
15 preval But some distrcts such as the Great Lakes
of Canada ate affected the d bemg deficiency of
sodine mn the water

In England there 15 no area where the population 1s affected severcly
but the madence of goitre 15 comparatvely hugh 1 an area extending
from Cornwall north-eastwards through Somerset and between the
Cotswold and Chiltern Hills into Northamptonshire Derbyshire and
the Penune chan  Offshoots from this hine extend through Waltshure
to the Isle of Wight over Hereford mnto South Wales and through
Chesture to North Wales The maximum madence of goitre 15 n the
Mendsp Hills and 1 North O«fordshire although tradition holds to the
name Derbyshire neck for the goitre  In all these areas rural rather than
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urban populations are affected probably because of differences 1 diet
and water supply

In any endemic area there 1 2 correlation between the percentage of the
populatton with goitre and the sex ratio of thoseaffected  If themaidence
of gostre 15 very igh men and women are affected equally As the
madence dechnes the ratio of women to men 1s mereased  Thas seasitry-
1ty of the female thyroid to muld 10dme deficrency 5 probably related
tothesexcycle the thyroid becomung enfarged m puberty and pregnancy
presumably when the body s demand for 1odme 15 increased Indeed the
story 1s told of a village 1n a gortrous area where the bode has a sitken cord
tied round the neck at marraage  The breaking of the cord by an en-
larging thyroid 1s used as an early sign of pregnancy

Endemuc goitres give mise to symptoms because of theur nze for they
may be larger than any other type of thyrord enlargement Hormone
production 15 usually adequate but m those areas of extreme todme
deficiency where goitre has been prevalent for generatons gostrous
mothers give birth to gowrous crenns wath all the tragedy of mental
defect that such hormone deficiency amplies for the chuld  There 15 also
a cunous assomation of endemic gowre wath deaf mutnsm  Lastly
thyrotoxicoss may occur at a later date but there 15 no conclusive
evidence that this disease reaches a higher merdence 1n ateas of endemuc
gotre  When 10dination of the diet was mtroduced m Europe a few
cases of thyrotoxicosis appeared to follow This unusnal result of m
creaning the 10dime intake 35 due 1o the gland bemg presented suddenly
with suff odine to £ h 1 a normal manner whent
ats efficency for hormone synthesis 13 at an abnormally hugh Jevel Thus
for a short while excessive amounts of hormone are produced No case
of 1odide mduced thyrotoxicos:s has been reported from the Bonsh files

Thyrotoxicosis
No really satisfactory name has been evolved for this discase ‘Thyro-
toxicosss tovic gotre exophthalmic goitre hyperthyrordism all indseate
somewhat smperfectly the mature of the distutbance They have more
value than the eponyms Gravess discase ar Basedow s dusease both of
shich have bte hustorical walue as the disease was described first by

Parry

AETIOLOGY
Thyrotoxicoss 15 a psy chosomattc disorder ‘The bady disturbance 15
3

due pred Iy t0 2 esave of thyrmd hor-
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mone mmated i some obscure way by emotional factors  Such events
as puberty pregnancy or mfection may precipatate the discase, but 1t 1s
emotional stress that appears to be the most important agent. Patients
who develop thyrotoxcosts are often highly strung over anxtous and
bave mnsecure personalitics But why some people respond to an adverse

1 by developing hyperthyroidism remans an un-

answered question

Another factor 1s the vanable degree to which the individual thyroid
will respond to sumult - Thyrotoxicoss 1s of world wide distribution and
does not follow the geographical incrdence of endemic goure  Therefore
race and 10dine deficieney have no obvious effect on the sensitivaty of the
thyroid  But there 15 a considerable sex difference as 8o per cent of
thyrotoxics are female Such susceptibility may run in a faruly many
cases of thyrotoxicosts occurring among the siblings

However none of these statements gives any clue to the basic aetiology
of the disease It may be said that psychic trauma and other acuvanng
factors fire off thyrotoxicosis but no-one knows how the gun 15 loaded or
how the tngger 15 pulled

Patnotogicat, Prysiorocy

The sumulus from which thyrotoxicosts develops probably passes via
the hypothalamus and antenor pituitary to reach the thyrod by the
mfuence of TSH It would seem that the imtial hyperthyroidism 1
stumulated by an excess of T § H but the role of the pituttary m mamntain-
mg excessive thyrod actvity 1s uncertan  The thyrosd may become
autonomous 1 1ts actvity or remamn dependent on the pitutary  As yet
there 15 1o clear cut answer to this all important question

The changes in the structure of the thyroid are sumilar to those produced

D 1L 3 i} with TSH The gland 15
enlarged diffuscly with an merease m cellular elements  Collord matenal
15 conspicuous by 1ts absence and the acm are filled wath papillary -
growths from the epithelum which 1s of hugh columnar type There 15
also a considerable merease m the blood supply the whole gland bemng
ighty vascular

Thyrotoxicosis may develop 1 2 gland already gortrous so that the
Tustologucal prcture 15 a muxed one of past hyperplasia and atrophy to-
gether with new areas of hyperplasia - Occasionally an adenoma becomes
hyperactive but in most mstances 1t 1s the surroundimg gland that 1s over-
active and the adenoma does not contnbute to the excess hormone
production
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Studies of thyroid function by means of radio-todine have demon-
strated that the gland i thyrotoxicosis 15 avid for 1odne  There 15 an
werease in the ability to concentrate 10dine from the blood stream 1n the
speed of conversion of 10dine to hormone and the release of hormone
mto the airculation. The absence of collord 15 histologucal confirmation
of therapid transit of the hormone and lack of storage The arculating
hormone level varies with the seventy of the disease butat 1s at least twice
the normal value

It must be emphasized that there 15 no production of an abnotmal
hormone The airculating hormone 1s normal 1n quality but excessive
quantity It 1s thus which 1s responsible for the clmical fe of
thyrotoxtcosis with the important exception of exophthalmos

The functional disturbance responsible for exophthalmos remams
obscure In the gumnea prg protrusion of the eyes follows the mjection of
T S H but1t1s by no means certain that this animal work gaves risc to the
same type of exophthalmos as 1s seen i the human  An excess of TS H
has been demonstrated m myxoedema but not 1n thyrotowicosts yet
exophthalmos 15 not seen m assocration with myvoedema and 1s seldom a
pronounced feature of the severe generalized form of thyrotoxcoss It
may be that the prtmtary elat two types of th phic hormone
one stmulating the thyrord and the other actng specifically on the
orbital contents At present 1t 15 wise to accept the fact that exophthalmos
1s related to T S H but not durectly to thyroid function, and to conclude
that the protrusion of the eyes may be due to some disturbance of the
pitwtary-thyroid axis

SYMPTOMS AND SIGNS

The climeal picture of thyrotoxicoss 15 dependent on the degree of
pitutary-thyroid acutvity and the response of the body to the hormonal
stunulus No age group 1s exempt from the disease but 1t 15 ost commion
m the third and fourth decade At all ages women are affected more often
than men m a ratto of about four to one In the younger patsents the pre-
senting symptoms are nervousness fatigue loss of weight feeling of heat
palpitations stanng eyes and a swelling 1n the neck  In older patients the
consticutional disturbance may be munimal and the disease often presents
as a cardiac disturbance or m the ocular form known as exophthalmic
ophthalmoplegia

The natural hustory 1s prolonged often over years the condition vanes
1n seventy but the general course 15 downhill O lly a 1
SpONLanEous TEMIsSIOn OCCurs often

p
related to 2 change n emotional en-
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vironment. On the other hand a few patients have a connnually active
dusease without apparent progression. In one patient the dusease may be
1o more t}un annconveruence m another so severe as to mdnngcr Lfe

The following snalysis of cliucal mamfestations 1s based on the
phystology of the disease

(2) The Gortre

If the thyroid enlarg; appears | ly with funcnonal
overactivity the whole of the gland 15 involved presenting a umiform
symmetncal swelling of smooth outlne and rubbery firm consistency
The mcreased blood flow 15 noticeable on auscultation when a hum with
systohic accenmation will be heard For reasons poetic rather than
saentfic the noise has been called bruie du duable

‘The assocuation of hyperthyroidism developing with enlarg ofa
previously normal thyroid 1s sometumes termed primary thyrotowcosts
mn distinetion to secondary thyrotovicosss ansing m a long standing goitre
In the latter vanety the thyroid s nodular or lobulated oftenasymmetrical
m sts enlirgement and of a greater size than 1s common 11 the primary
type of the disease [t may be virtually tmpossible on palpauon to deter-
mme whether the gland 1s lobulated or contams a discrete adenoma
Luckly the pomt 1s of bittle practical tmportance

The gottre rarcly causes a feehng of fullness of the neck  Some pauents
complan of difficulty 1 swallowing which 1s not due to an organic

leston but akin to globus } However 1 cxtension of
the thyroid may cavse mediastinal obstruction
(2) Calorigenic Effects

Thyroid hormone 15 2 potent stmulator of the metabolic rate so weight
loss 1s charactenstic of the disease  The degree of wasting will depend on
the appente and the increase 1n metabohc rate  In some weight loss with
disapp of sut fat 15 2 pred ymp but m
others the appetite 15 50 increased that weight loss 15 mnimal or absent
It 15 2 umque characterstic of thyrotoxicosss and diabetes mellitus that
wezght loss occurs with a good or even mncreased appetite

The heat productton from the exeessive metabolic rate 1s apprecuated by
the patrent as a sensation of body warmth at all times with a marked m-
tolerance for hot weather Feat 15 lost through the skin which 15 hot to
the touch flushed and sweaty Marked vasodilation 15 present Gener-
ahized 1tchimg of the skin can occur m 1n the absence of any rash Despite

sts warmth and moustness the skin remams remarkably fine and silky 1n
texture
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(3) Nervous System

If the patient has an unstable personality nervous symptoms are likely
to domunate the picture A short temper 1rntability and exaggerated
emotional response make hife unpleasant for patient and relatives alike
Any psychiatric symptoms already present become worse with thyro-
toxicosis Latent psychotics may become serously sll from the mental
pomt of view only to recover when the thyroid has been treated A
confusion of neurotic symptoms often obscures the diagnosts of thyro-
toxicosis and complicates the results of treatment

The mability to relax mentally 15 matched by a dnving phystcal rest-
lessness I feel Iike a dynamo 15 an aptly expressive phrase The con-
stant movement of the patient so remumiscent of a bird on a bough makes
the thyrotoxic demeanour a striking feature of the clintcal mterview

Tn marked contrast 1s a constant fatigue This may be accompanted by
muscular weakness but loss of motor pow er s mumimal and the character
1stic finding 1s hypotoma with exaggerated tendon reflexes A fine tremor
of the hands completes the picture so different from the coarse arregular
trembling found m anxrety states

In rare cases the neuromuscular system 15 affected by myasthena gravis
(responsive to prosigmm) or by a chromc myopathy mvolving the
mauscles of the trunk and hmbs which are weak and symmetnically
wasted  Such cases are often assocated wath the exophthalmuc type of
thyrotoxtcosts

(4) Ocular Signs
The classically protuberant eyes of the thyrotoxic are due to a number
of mechanisms which may be grouped as follows

(a) Related to Iid retraction
‘Wide palpebral fissure
Starng expression
Lidlag

These signs may be related closely to an excess of thyrotd hormone
Cervical sympathetic overactaty plays some part n the causation Lad
lag 15 5o called because as the patient looks downwards the upper 1id does
not follow the movement of the eyeball Transient lid lag may occur
ansous people but as a constant phenomenon 1t 1s a helpful sign of
thyrotowcosts which disappears as the disease responds to treatment

Suelling of orbutal contents  The eye 15 pushed forward by oedema
zm(ib f)'at :‘Icposfnéf: 12 the orbit The fat may hermate around the eyeball
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to produce a swelling of both upper and lower bds The resultng
exophthalmos 15 often unlateral at the onset Diplopia results of the
binocular avws 1s seriously disturbed

(c) Suellng of compumetna  Visible oedema (chemosis) of the con-
Junctiva is due 1n pact to exophthalmos and i part to superaddedinfection
or trauma  Failure of the eyelids to close over the cxophthalmic eye
renders 1t extremely suscepuble to damage and 1t 15 1n constant danger of
destruction from comeal ulceration and pan-ophthaloutis  Some pro-
tection 15 given by a constant stream of tears which 15 most uncomfort-
able for the patient

{d) Weakness of extrinsic onular muscles The muscles are oedematous
and mfiltrated with fat and small round cells The weakness 15 most
evident 1n the plane of movement rather than i the mdrndual muscle
Linutanion of upward movement 1s the first and most severe restriction
followed by fulure of latcral movement. Diplopia 15 common The
degree of exophthalmos 1s not directly related to the seventy of the
ophthalmoplegia

Ortitizarmic Type OF THYROTOXICOSIS

The combination of exophthalmos and limsted eye movements 1s not
usualin the classical form of thyrotoxicosts Indeed 1t forms such a defimre
syndrome that some authorities scparate the condion from thyro-
toxtcosts and term 1t exophthalmic ophthalmoplegta  General evidence of
thyrotoxicosis 1s mmnimal or absent but an epsode of thyrotoxicoss 15 2

common antecedent In p lar the d ly follows
ful treatment of generalized thy os1s
d or the ad of gerc agents may be

followed by the most severe progressive protrusion of the eyes which
deserves the title of mabgnant cxophthalmos A sudden fall 1n thysoid
function 15 ikely to precipstate the condiron and 1t occurs less commonly
when } d prod 2 slow d m th
secretion  Radio-todine therapy or carefully graded doses of anui-
thyroid drugs appear to be less bkely to produce exophthalmos than
thyroid orlarge doses ofantithyroidagents Cursously
enough the condition 1s most common m muddle-age and affects both
sexes equally mn contrast to the meidence of classical thyrotoxicons
(s) Cardiovaseular Effects

Thyroid hormone has a durect excitatory effect on the heart as distnct
from the ndurect action of raising the cardiac output by virtue of an
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mncreased metabolic rate In young patients a sinus tachy cardsa s the rule
the pulse rate remaming elevated dunng sleep  The exatabilicy of the
patient will enhance the tachycardia dunng waking hours The cardiac
mpulse 15 diffuse and forceful and a blowing systolic murmur 1s heard
widely over the praccordim The panent frequently complams of
palpitations especually after exerion  Marked pentpheral vasodilation 1s
a feature of the condition and the fall i peripheral resistance mncreases
the pulse pressure so that the pulse 15 esther boundmng or collapsing 1
character

In older subjects the cardiovascular system cannot withstand the extra
sumulus of thyrord hormone  Consequently relatively mnor increases 1
thyrord function affect the heart with a mumum of constitutional dis-
turbance  Thyrocardiac disease does not anse solely from hyperthyroid-
1sm but s largely determuned by the degree to which the heartisaffected by
deg e discase  The ch 1stic feature of these cases 1s auncular
fibnllation at first paroxysmal and later permanent The rate of fibnl-
latton 15 rapid and ses response to digitalis unsatisfactory Heart farlure
may result but s very rare i the absence of fibnllation  The presentng
ymp are palp and breathl the most obvious clmeat
signs are fibnllation and mcreased penpheral airculation Indeed any
patient with auncular fibrillation 1n the absence of rheumatic ardits
should be considered as a possible case of thyrotoxicoss particulacly 1f
the responsc to digatalts 15 poor

Tt must be noted that swelling of the ankles 1s a frequent carly sign of
thyrotoxicosis n the absence of heart fulure It appears to be due to local
arculatory changes in the same manner as the oedema of ankles so fre-
quently experienced by healthy women in hot weather

(6) Other Mamfestations

Thyrotovic Cnisis A dramatic and potentually fatal evacerbasion of
the disease may be precipitated by mnfe or thyroid Adequate
pre-operative therapy has virtually climnated cnisis afier operation But
on occasion 1ncofrect preparation or a delay m operation unul the
pattent s disease has escaped from the wfluence of rodide therapy of
extremely hot weather at the time of operation will lead to thus severe
complication

The onset of cnsis 35 abrupt  Hyperpyrexsa delinum and extreme
tachycardia accompany profound collapseand hyp Th for
chus sudden breakdown m body reststance 15 obscure It may be that

temporary adeenal nsufficiency plays a part
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Intestinal Some mcrease in the frequency of bowel action 15 2 common
event The symptom 1s often mussed as the patient s bowel habit may
have become regular m contrast to previous constipation. Oceastonally
frank diarrhoea 1s a presenung symptom The motion 1s watery but
contains no blood or mucus Small mtestinal hurry appears to be the
cause

M { Cyele Al m | function are common vary-
mg from menorrhagia to amenorthoea  Such alterations are of no
dragnostic sgmificance but may alarm the patient

Osteop O Ily severe p 7 larly affectng the
spine afflicts the clderly th The exact mecl of this obscure
complication 15 unknown, but factors other than an excess of thyroid
hormone ate likely to be mvolved The results of adequate anti-
thyroud therapy are not wholly satisfactary m the alleviation of the bone
disease

Pre-tibial My<oedema In thrs cunous condition areas of mucmous mfil-
tration give nise to a symmetnical mdurated swelling on the front of both
shins yust above the ankle The skin may appear puckered ke pigskin

1d

or d suggesting nfl Tt occurs under the same circum-
stances as exophthalmic ophthalmoplegia and 1s found 1n assoctation with
st This Jocalized myxoedema 1s not an of hypothyroid

but rather of the later stages of recurnng thyrotoxicosts

Other Metabole Effects Thyroxme mcreases the speed of absorption of
sugar and has 2 mildly antagonssuc effect to msulin  Glycosuna may
sesult from the mgestion of sugar because of rapid absorpion with a
transtent nise 1 blood-sugar Latent diabetes mellitus may become obvious
of thyrotoxicosts occurs or established dusbetes made worse by hyperthy-
roudism  There 15 no 1nd of a direct between the
madence of diabetes and thyrotowicosts

Imparrment of hver function has been alleged as 2 complication of

h There 1s no g evidence for this but i very rare

¥
mstances hepatosplenomegaly 15 found in the disease and disappears when
the thyroid 1s treated

Dracnosts
Nothing 15 more obvious than frank thyrotoxicosis The less blatant
forms of the condition are usnally discernible by routine chinical methods

but 1 some cases ads to diagnosss are of value The most common
difficulty 15 the differentiation of neuroti states from thyrotoucosis It
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must be reahized that the two condinons are not mutually exclustve and
often co-cxst The other problem 15 the 1dentificanon of thyrotoxicoss
as the cause of aunicular fibnilaton. Diagnosis i these mstances can be
more difficult 1 the presence of a gortre which mav be non-towie but
at all tiumes clincal acumen 13 more valuable than biochemical tests

Although the most common error 15 to confuse an emotional upset with
thyrotoxicons there may be a fallure to recogmae thysosd hyperfuncnon
because a rare form of presentation domunates the picrure Loss of weight
without obvious physical abnormalines unilateral exophthalmos genes-
ahzed itching of the skin or darrhoea may be due to an excess of thyraid
hormone and unaccompanied by obvious confirmatory signs  Lastlv
thvrotoxicons factisa must be mennioned because of 1ts physiological
intetest Very occasionally patients who have taken thvroid exeeact for
i g become addicted to the sub ‘When taken 1n sufficient
quantities thyrotd extract causes an increased basal metabolic rate tachy-
cardia sweanng amcaety and loss of weight Lad lag but no exophthal-
mos may be present. Moreover the thyroid glnd 1s not palpable and
radio-todinie uptake 1 very low as seen i hypothyrordssm  This unusual
sequence of events suggest the self admmstration of thyroid extrac which
the patrent will not admat unless questioned with considerable duscrenton

fuads 1o duagnoss prowsde data on thysod funcuion {sadso-sodine
techniques estimation of protemn bound sodime} or on the body s response
to thyroid actuvity (basal metabolic rate serum cholesterol crcanne
excretion) Each test has 1ts own techmical and physiological snags and
none of them provide a diagnosis The value and hymtations of each
techruque 1s described m the Appendix Determinanon of the basal meta~
bolie rate has been for years the most important test of body response 10
thyrordactivity Repeated determmations are essential but even under the
most carefully regulated condinons anxiety or heart farlure can mcrease
the metabolic rate and malnutninion decrease 1t Despure these objecnons
the test remans useful as 2 method of gaming nformation rather than
mdicating the dagnosis

Radio-attive 10dine m mmute amonnts has provided a useful and safe
tool for measuning thyrosd function  Once again the information obtuned
15 very vatuable but not necessanly diagnostic  However 1t does give 2
clear prcture of the state of thyrord function and ts the most useful ad to
diagnoss at present avatlable  Chermeal estimation of proten bound
sodine gives an mdication of the amount of arculanng hormone but
the techmque has such difficulnes that 1t 15 not relisble as a routne

measuge
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Other indices of ¢he effect of thyrord t arenotof greatduag
value Serum cholesterol 1s sometimes low 1 thyrotowacosts but the
change 1s smconstant At best a lngh serum cholesterol would militate
agamnst a diagnosis of thyrotovicosts  Sumilarly creatinuna occurs when
muscle wasting 15 present bue ar that stage chimeal dragnosts 15 obvious

Consideration of the physiology of thyrotoxicosis makes 1t obvious that
all tests of thyroid fimction or hormone effect are mcapable of giving a
clear cut answer to the duagnosis For the disease 15 quanutanvely not
qualitavely different from normal thyroid function Thus in the develop-
ment of the condutson the thyroid will pass through all phases of actvity
from normal to lhigh normal and on to frank hyperfunction Patients
may be seen n the state of transition so that all avatlable evidence 1s equi-
vocal Under these condtions the finest diagnostic test 15 masterly tn-
activity for a few weeks and then chnical re-appraisal

TREATMENT

The condition fully justifies the motto treat the patient not the discase
Before any decsion 15 taken as to speafic antithyroid therapy the
patent s mental and environmental state must be assessed  Adjustment
of these factors 15 essental  Sympathy and understanding are more
important than sedation, although the judictous use of barbiturates 1s
recommended

Methods of reduang the output of thyroid hormone ate crude i
theory but effective n practice ‘The choxce lies between removing a large
portion of the overactive gland dimmnsshing the amount of active tissue
by radiation, or mhibitng the synthesis of hormone by drugs Each
pattent must be constdered as an individual and the deciston on the type
of treatment based on the one most switable for that particular person

(1) ANTITHYROID AGENTS
(a) Todine

Iodine has a specific effect on thyrotoxicoss but no obvious effect
when thyroid function 1s normal - Given m amounts which are consider-
ably above those required for hormone synthesis 1odune has a very rapid
effect on the dusease the metabolic rate falls as quickly as after thyrordec-
tomy (without pre-operative 1odine) The symptoms and sigus regress
rapudly and the goitre becomes smaller and Jess vascular - Colloid matersal
re-accumulates 1n the vesicles and the hung epithelium dimunshes m
height If 10dine 1s admunsstered to the normal person there will be no
drop m the metabolic rate Indeed the speaific effect of 10dine on the
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ratsed metabolic rate of thyrotoxacosts and 1ts ack of effect on metabolsm
m other conditrons has been used as a diagnostic test

Although the wmnmediate effect of 1odune 55 dramatic 1t has no mfAvence
on the long term development of thvrotoxicons and the disease escapes
from 1ts mflunce m 2 short while ‘The mavimum clincal effect of todime
15 abserved after two to three weeks admumstration After that tmme the
signs and symptoms slowly reappear and are unnfluenced by further
todine medicacon  The mechansm underlving this cunous type of
therapeutic response 1s obscure but at 15 probable that sode temporanly
mhubsts the action of TS H on the thyrod

Todine medication 15 effective by mouth at a mmunum dose of 6 mg
daly No further benefit 1s obtamed by increasing the dose [odides of all
kands are equally effective but Lugol s solutson (1odine 5 parts potassium
1odide 10 parts water to 100 parts) 1 the usual preparation A dose of 5
munums once to three times a day 15 adequate therapy

It 15 obvious that sodine 1 nor 2 defiunve treatment as 1 does pot
snfluence the natural ustory of thyrotoxicoss However 1ts short term
effect in dummshing the chimeal seventy of the disease and the vasculanity
of the gontre makes 1t an rdeal pre-operative treatment It should never
be used until the d 13 established and arrang for op
made If the operation 1s d.Jayed the patent may have escaped from
the effects of 1odme with the result that thyroidectomv 15 followed by a
thyrotoxse cnsis Long term 1odme therapy should never be conuidered
atd 1t 15 wise to reserve todine for pre-operative use alone

(b) Thwosratsl and 1t< Densatses

These drugs whibut the synthesss of thyroxd hormone from the sodide
trapped m the gland  As the degree of infubition can be controfled by
varying the dose the output of thyroid hormone can be reduced to and
matntained at a normal level Excessive dosage will produce temporary
hypothyroudism  As the Jevel of arculanng hormone drmumshes the
prewiary outpee of TS H inereases causmg further enlargement of the
gortre with wmcreased vasculanty  Exophthalmos may then mcrease
somenmes to an alarmung degree probably stumulated by the piyunary
actwvity
Drugs of this group n common use ace methyl and propyl thiouracl
and the related compound h fe { fe) and earb !
(nco-mcrazolc) "These compounds p larly cark le have been
found to have a full therapeutic effect with the nummum degree of tox-
sty The drugs ate effective by mouth but excretion 15 rather rapid  In
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order to mamntamn a constant thubiung effect on the thyroid repeated doses
carefully spaced over 24 hours are necessary  Irregular and excessve
dosage s fat more likely to produce large gostees and evophthalmos

Toac effects include skin rashes pyrexa and arthralgia but the most
1mportant one 1 agranulocytosis The modem drugs rately produce this
dangerous complication, but 1 may stll occur because of individual
sensiwvity At one tume repeated white cell counts were performed on all
patients receving these drugs in an attempt to detect the carly stages of
agranulocytoss  However ws dramatic onset defies such routne testmg
which may succeed 1n giving false confidence to the physictan and un-
necessary worry to the patient. It 15 preferable to ask the patient to report
any mnfecuon paracularly of the throat

Thiouracil denvatrves can be used estherasa pre-operativ e measure or as
long term treatment In a pre-operative role the drugs ensure that the
surgeon will operate on a non-towc gland, and the patient can continue
the trearment until such time as 1t 15 convensent to operate  Merhyl or
propyl thiouracil 50 mg 6 or 8 hourly or carbimazole 10 mg 8
hourly are adequate routmnes for utial dosage  However the goitre may
become more vascular and difficult to dussect f this 15 the only treatment
Therefore 10dine must be given for tw o to three weeks immeduately pnior
to operation  Dunng this time the dose of the thiovraci] drug may be
reduced  Such 2 medrcal prep for requures derabl
Judgment as to the duration and dosage for each patient. On no account
should sodine be given prior to starting the thuouracil as the effecuveness
of the latter 1s senously d quently 1t 15 ly unwise to
grvea tral course of 1odine to a panient on the tdea thatf the discase 1snot
fully controlled then thiouracil denvatives can be grven.

The ease for long term drug treatment has been closely examned m the
last twelve years Towaty of the drugs 1s not 2 major concern at this
moment There 15 no doubt that the patient can be mamtamed m an
excellent state of health by such trearmene. After snitnal control the dose
can be dropped to about 25 per cent of that ongmally employed, and the
drugs grven twice daily  To prevent frequent adjustment of the dose for
every alteration of thyroid status a mrxture of thyrotune and methyl
thiouracsd has been employed (methyl thiouracl so mg to o1 mg
1 thyroane)  Ths aflows mbubition of the thyroid without an mncreased
output of TS H or the occurrence of myxoedema  Such a combimation
15 very useful in practice

The immeduate disadvantages to long term therapy ate the persistence
of the goitre and the necessity for daly tablet taking  Both these powts
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are not fundamental objections but do become a great source of worry to
some patients The prime objection to long term treatment 1s the high
relapse rate when the course s eventually stopped  Even after continuous
treatment for a munmm of a year about 50 per cent of cases will develop
the disease agan i the ensuing five years Thus farlure to establish a cure
15 a serious draw back to the method and a further course 1s not always as
effecuve as the first i controlling the discase  However there 15 a group
of patients who do not relapse presumably because their disease was of a
naturally short duration Unfortunately 1t 15 very difficule to define this
group prior to treatment  Long term therapy 15 particularly useful for
those who refuse operation or for whom radio-iodme therapy 1s unsustable
or when adequate surgery 1s not avalable and admussion to hospital
impractical

(2) SurGERY SUBTOTAL THYROIDECTOMY

Provided that adequate pre-operative treatment has been given sub-
total thyrordectomy remauns the treatment of choice for the majonity of
patients In skilled hands the operative mortality 1s under o 5 per cent
with a correspondingly low morbidity The madence of recurrent
thyrotoxicosts or myxoedema after operation 1s low but both condittons
do occur  However there 1s a very good chance of effecting a permanent
cure The dangers of thyroidectony include local haematoma formaton
damage to the recurrent laryngeal nerve and hypoparathyroxdsm  The
Lateer 15 usually transitory but lly the parat} Is are d
completely leading to permanent dysfunchion Post-operative thyrotoxic
cnsis does not anse unless there has been madequate preparatton for
operation  Increasing exophthalmos may follow surgery but can occur
after any type of antithyroid treatment

In assessing the suttabity of the patent for surgery two major factors
must be conssdered Firstly the qualiey of the surgery mcluding the
anaesthetic and nursing care must be of the hughest order In the hands of
the mexperenced surgeon the mortality of thyroidectomy 15 considerable
If surgical facihities are poor Jong term medical treatment 15 preferable
The second consideration regards the spectal features of the pauents
disease A gortre especally with retrosternal extennon that causes
pressure Symptoms must be removed Thyrotoxicosts arsing 1 a long
standing gostre 15 another indication for surgery On the other hand
previous thyroidectomy makes further operation more difficule and to be
avorded 1f possible  Aurtcular fibnllaton with heare falure mereases the




THE THYROID [

operative nisk and mutial medical treatment must prove successful before
surgery 15 dered Actve exophthalmos s also an sign
d e posstbility of malig: exophthalmos after op
Whenever exophthalmos 1s present to any degree immeduate post-
operanve treatment with thyrowne or thyrod extract (gr 2-3 duly) 1

mdicated and should be continued for at least two months

(3) Rapiation TrerAry RaDIO-AcTIVE loDrve

Many years ago radation therapy by means of a radwum collar or deep
K-ray was a popular method of treating thyrotoxicoss  But the meon-
stancy of cluncal response and the seventy of skin reactions led to the

band of these techniq Interest was renewed when radio-
active 1odine became avatlable The selective concentranon of 10dine by
the thyroid provided 2 narural mechansm by which harmful total body
and skin radianon could be avorded and at the same time ensured that the
thyroid cells would recerve adequate radianon from within  The more
overacave the mdividual cell the greater 1ts avidity for 10dine so that
automatically st would ateract to 1tself 2 larger amount of radnation than
the less abnormal cell The ssotope wath an atomc weight of 131 (1™
which has a half-lfe of exght days 1s the onen use Irsad
tion by mouth 1s not attended by any immedute nsk of constitutional
disturbance  However the conventence of this treatment ss balanced by a
pumber of disadvantages The 1mmeduate problem 15 calculation of the
correct dose At the present moment dosage determned by an estumate
of thyrotd weight and the uptake of a tracer dose of radio-todine 15 not
sufficiently accurate to ensure complete control of thyrotoacos:s m every
case A second dose may be necessary or on the other hand permanent
hypothyroxdism may resule from one dose  The chances of a rapid cure
are less with radio 1odine thon with subtotal thyroidectomy but 1sotope
therapy 15 sall 1n 1ts early days and the calenlation of dosage will become
far more accurate A further hmitaton 15 the slow clmtcal response to
radiatton but this may be overcome by prelimunary treatment with anti-
thyroid drugs d d shortly before ad 10n of radio-10d
The last problem concerns the possibility of radution carcnogenests
sffecting the thyroid many years after treatment Ths 15 2 theoretical
possibihity rather than a probability
Despate these difficulties radio-odine plays a very detmtte role mn the
treatment of patients over 45 years old  (The age Limit 15 a reasonable
convention 1o offset the possibility of late tumour formation) In eases
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where the nisk of surgery sshigh or 1 those who refuse operanion and are
ensttive to anti-thyrord agents 1t1s the treatment of choice  Panients with
thyrotoxicosss recurming after thyrorectomy thyrocardise disease or
progressive exophthalmos should be dered for radio-todme therapy
1 preference to other methods  But the presence of a large or adenomat~
ous goitee 1s an tdication for sargery not radution

Frough has been said about treatment to idicate the need for mdrviduat

and the considerable prospect of success 1f a ngid all embracing

routing 1s avouded Dut certan aspects of thyroroxicons still lack an
adequate therapy  For mstanice thyrotoxic cnsis which should of course
be prevented 15 not readily responsive to anv of the known annthyrod
measures  Coohng the patient with a fan and 1ce~packs together with the
admynstration of 10dides and sedatives are essential steps m treatment
Recently cortisone given orally (somy every 6 hours) or mtramusculacly
(100 mg twice daily) has proved to be effective and should be used m
every case

The real problem of therapy 15 found i exophthalme ophthal

plegia All methods bave their exp but all arc dusap

Attempts at suppressing piouitary actvaty by giving thyroid extract
oestrogens or deep Xeray to the gland are successful in some cases but 1n-
constant 1n theit effect More recently deep Xeray to the orbuts has
achieved a limuted reputation In severe cases when blmdness threatens
susgacal closure of the eyelids saves the eye from destructive nfecuon.
Thus 15 pathative only and the eyes can be retumned to a notmal posttion
only by the major operation of orbutal decompression as devised by
Naffager Despite us hazards this operatton can be bnlhantly successful
and should be considered mn afl cases of serious progressive exophthalmos
The op may also be indscated 1n some of non-p
but persistent severe exophthalmos

Hypothyroidism

The classical description of my~<oedema and creunsm marked an
enormous advance m the study of chmeal endocrmology but told
nothing of the vanons types of hypothyroiism and gave the impres-
ston that the chmeal effects of thyroid deficrency cannot be diagnosed in the
absence of the grossest physical signs  The vaneties of hypothyrosdism
are tabulated below the disease 1s descnibed in chuldren and then i adults
because the app es of the disturbance ate dependent on the age of

the patient
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CIASSIFICATION OF HYPOTHYROLDISM

t Prouary Thyrod
Failure

(1) Infants Congemtal Hypothyroidism
{a) Spontaneous ‘Endemic goitrous cretn
Sporadic cretn
Gorrrous
() Non-gottrous
(2) Chaldren Juvemle myxotdema
(3} Adules Primary m lema
Chronc thyroiditns
(5) tnduced Aficr thyrodectomy
After radution
With antthyroud drugs

2 Secondary Thyrod  Hypopisutarm with falure
Falure of TSH sccretion

Congenital Hypothyroldism Cretinlsm

Aetology

A creun 15 a child bom with impared or absent thyroid funcuon
Endemic cretiism now fast disappearing occurs i areas of severe 1odine
defictency the goitrous mother giving burth to a goutrous child whose
thyroid 15 pers ly fi less Iodine med: has no effect on
the child s thyrord  Sporadic crenntsm occurs i thus country and others
where there 15 no area of gross 1odme deficency  Of course there 1s no
reason to suppose that sumilar cases do not occur 1n endemic arcas which
brings up the argument that lutle difference evasts between endermc and
sporadic types However the lack of 10dine durmg embryomic hfe 1s the
cause of true endemc cremsm while congemutal defects of anatomy or
thyrordal enzyme systems lead to cretmsm of the sporadic type  The
congenutal anatosmic abnormality 1s actual absence of the thyroid termed
athyrotic hypothyroidsm  But mterest has beenaronsed recently m cretms
wath a palpable thyroid who have an mbom esror of metabolism which
prevents the normal synthests of hormone  In some the thyroid 1s able to
trap todine but tails to convert st to orgame compotnds In others m-
complete organic binding takes place but the normal hormone 15 not pro-
duced It 1s apparent that there 1s a congental absence of one or more
enzyme systems and as m other genetically determuned metabolic errors
there 15 2 strong famulial mcidence

CriNiCAL PICTURE

The effects of a dep d rate are the d features of
adult hypothyrordsm but m children the emphasss 15 on the farlure of
growth and maturation In the early days of 1ts Iife the baby shows Lietle
or no evidence of hypothyroidism because 1ts body 15 still mfluenced by
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maternal thyroid hormone The appearance of symptoms and signs 1
dious and ths for delay 1n drag

The mother notices that her baby 1s a lazy feeder and fuls to gam
weight The assocrated lethargy may be interpreted as evidence of good
behaviour A httle later dryness of the skin and consttpation become
troublesome  After that falure of mental development gradually becomes
apparent from the baby s lack of interest m 1ts surroundmgs Phystcal
development 1n terms of teething sittng up or crawlng 1s grossly
delayed In bref the baby fadls to thrive

The appearance of full blown cretusm 15 diagnostc  The child 15
undersized for 1ts age with short sparse hair and dry thickened yellowy
tinted skin  Puffiness of the eyelds thickened lips large protruding
tongue depressed bridge of the nose snuffiing breathing and a hoarse
cry make the face remintscent of a pig  The lumbs are thin and cold 1
contrast to the distended abdomen usually crowned with an umbilical
herma  On palpation 2 greatly dilated colon full of hard facces may be
found Further evidence of delayed growth 1s evident from the late
appearance of the teeth and from the open fontanelles of the skull
{Normally the postenor fontanelle closes at four months and the anterior
by erghteen months of age )

If the diagnosis of cretimsm 15 delayed until the full chimeal preture 1s
immediately evident permanent mental damage will have occurred It1s
of the utmost umportance to strive for early diagnosts to preserve mtell-
gence by prompt treatment By the age of two the cretn will have be-
come mentally deficient to the pomt of 1diocy and treatment will not
restore ntelh Consequently the possibility of hy pothrosdssm must
be considered 1n all infants who fail to thrive (n the absence of obvious
dietettc or gastro-mtestinal disturbances ) Puffiness round the eyes a pale
dry rather thickened skin late d I and an umbshical
herma are all early signs of thyroid deficiency  The presence of 3 goitre
15 obviously sigruficant and cretimsm m other members of the fanuly 2
valuable pointer to a correct diagnosis

Dracnosts
In rare instances transient hypothyroidism with a gottre occurs i babies

) born to mothets treated wath large doses of thiouraal throughout preg-
nancy The nature of the disturbance and the mother s history
tnake the dagnosis clear  The main problem of diagnosis Lies i the scpara-

) tion of vanious types of mental defect from hypothyroidism In parccular
Mongoluan diocy may have a superficial resemblance to cretmsm  be-
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cause both condations are associated with a2 depressed bndge of nose and at
protuberant tongue  But the Mongol denves 1s pame from the slanting
set of the eyes and the texture of its skin 15 finer than that of a crenn.
The short curved httle finger excessive flenbility of the jotnts and the
frequent assocuation of congemeal abnormalities are features distnctive
of the Mongol. Although there 15 2 gross defect of intelbigence 1 both
condtions  the cretin 1s lethargic and slow m companson with the active
often cheerful Mongol.

of the basal bolic rate are not possible m the nfane,
but 315 both safe and practical to determme the uptake of radio-todme by|
the thyroid  The complete absence of radio-todne concentranon m the,
neck region of the athyrotic cretn gaves posive proof of hypothyrosdism.
On the other hand the thyroid of the goitrous cretin may be avid fory
10dme so that uptake studies may fail to help 1 the munal diagnoss
Specaat techmques are required to determme the nature of the thyrod
farlure and radio-1odine plays an important part in this field

A bigh serum cholesterol and depression of the $-T segment of the
elec diogram are useful conft y signs of hypothyroidism m the
mfantaswellastheadule Finally X-rays of the epiphyses {1e of wmstand ~
hand) are of great mp because hypothyroidism not only delays the
appearance of centres of osufication but also causes a charactensic
eprphyseal dysgenesss m which the homogencous shadow of mormal «
calafication 1 a centre of osnificatton 15 replaced by wrregular patchy cal-
aficanon wath a fluffy indwnnct margen, This appearance ss duagnosue
of hypothyrordism but 15 not present at all umes Serial X-rays mncrease
the probability of its detection.

If after proper mvestigation the diagnosis remarms 1 doubt 1215 legia
mate to give 2 therapeutic tral of thyroid extract Continuous treatment.
for at least two menths and frequent exammation 15 necessary before any
concluston can be reached as to the efficacy of thyroid extract. A defimite
response 1n terms of symptoms and signs mdicates that hypothyroidism
was present prior to therapy

TREATMENT
The diagnosts of cretnsm must be followed by thyroid therapy for the
zest of the patent s ke As the child smproves 1t 1s only natural for the
mother to stop treatment This would be 2 major tragedy so that
he sigy eafdaly b dby every posuble means
‘The munal dose of thyroid extract should be § gramn daily nsing week
by week to § gram daly This will usually suffice as 2 mamtenance dose
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maternal thyroid hormene  The appearance of symptoms and signs 15
mstdious and this accounts for delay 1n diagnosts

The mother notices that her baby 15 2 lazy feeder and fadls to gam
weght The assocuted lethargy may be mterpreted as evidence of good
behaviour A Iutle fater dryness of the skin and constipation become
troublesome  After that falure of mental development gradually becomes
apparent from the baby s Jack of interest 1 sts surroundings Physical
development 1 terms of teething situng up or crawhng s grosly
delayed In brief the baby fails to thrive

The appearance of full blown cretmsm 1s diagnostic The cluld 15
undersized for sts age wath short sparse hair and dry thickened yellowy
unted sk Puffiness of the eyehds thickened hps large protrudmg
tongue depressed brdge of the nose snuffling breathmng and a hoarse
cry make the face remumscent of a prg The Limbs are thin and cold m
contrast to the distended abdomen usually crowned with an umbihical
hemia  On palpation a greatly dilated colon full of hard faeces may be
found Further evidence of delaved growth ss evident from the late
appearance of the tecth and from the open fontanelles of the skull
{Normally the po tenor fontanelle closes at four months and the anterior
by etghteen months of age )

If the diagrosts of cretmism 1s delayed until the full chineal pcture 15
immediately evident petmanent mental damage will have occurred Its
of the utmost importance to strnve for early diagnosts to preserve ntell-
gence by prompt treatment By the age of two the cretm wall have be-
come mentally deficient 1o the pomt of 1diocy and treatment will not
restore mntelligence  Consequently the possibility of hypothrordism must
be considered mn all infants who fail to thrive (in the absence of obvious
dietetic or gastro-intestnal disturbances ) Puffiness round the eyes a pale
dry rather thickened skin late d constip and an umbilical
hernia are all early signs of thyroud deficiency The presence of a goitre
15 obviously sigmificant and cretmuism 1n other members of the family a
valuable ponter to a correct diagnosis

Diacnosts

In rare mistarices transtene hypothyrordism with a gortre occurs 1 babres

I born to mothers treated with large doses of thiouracil throughout preg-

n;ﬂ:y The evanescent nature of the disturbance and the mother s history

make the diagnosis clear The main problem of diagnosis Lies in the separa-

t1on of various types of mental defect fror‘n hy potL}:) roidism In pamcu{:r
to

at
L Mongolian idiocy may have a superfi o
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cause both cond. are d with a depressed brdge of nose and a|

protuberant tongue  But the Mongol denves 1ts name from the slanting
set of the eyes and the texture of tts skan 1 finer than that of 2 creun
The short curved little finger excessive flexability of the younts and the
frequent assocuation of congemital abnormalities are features distinctive
of the Mongol Although there 15 a gross defect of itelligenee in both
conditions the cretin 1s lethargyc and slow m comparison with the active
often cheerful Mongol

E of the basal metabolic rate are not possible 1 the mfant
but it is both safe and practical to determme the uptake of radio-10dine by’ J
the thyrord The complete absence of d m the v ..
neck region of the athyrotic cretin gives posive proof of hypothyroidism

On the other hand the thyroid of the goitrous cretin may be avid for}
1odme so that uptake studies may farl to help m the mitial diagnosss
Specal techniques are requred to determune the nature of the thyroid
falure and radio-todisie plays an important part in this field

A high serum cholesterol and depression of the S-T segment of the
electrocardiogram are useful confirmatory signs of hypothyroidism m the
nfant as well as the adult  Finally X-rays of the epiphyses (1¢ of wnistand >
hand) are of great importance because hypothyrotdism not only delays the
apprarance of centres of osufication but akso causes a charactensne
epiphyseal dysgenesis m which the homogeneons shadow of normal |
calaficanion 1 a centre of ossification 15 replaced by wrregular patchy cal- 1
afication with a fluffy mdistinct margin - This appearance 1s diagnostic
of hypothyrodism but 15 not present at all imes Seral X-rays merease
the probability of 1ts detectron

If after proper mvesngation the diagnosss remams m doubt 1t 1s legin
mate to give a therapeutic tria] of thyroud extract Contmuous treatment
for at least two months and frequent exammation 15 necessary before any
concluston can be reached as to the efficacy of thyroid extract A defimite
response 1 terms of symptoms and signs indrcates that hy pothyroidism
Was present prior to therapy

‘TREATMENT
The diagnosis of erchnism must be followed by thyroud therapy for the
rest of the patient s lfe  As the child improves 1t 15 only natural for the
mother to stop treatment This would be a major tragedy so that
the sigy of daily mustb dby every possible means
The 1l dose of thyroid extract should be § gram daily nsng week
by week to § gram darly This will usually suffice as a mamtenance dose
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to the age of two years As the child grows older the dose must be
mncreased reaching about 2 grans at the age of four years The adult dose
151 the range of 4 grams daly A common cause of neffective treatment
15 the fatlure to alter the dose wath increasing age

As the correction of hypothyroidism 1s a matter of urgency 1 terms of
mental health mmal therapy with tn-todothyronme (o o1 mg once or
twice daily) has a definite advantage over thyroid extract or thyrowne
which requures at least two wecks to achueve a significant result However
the short term action of a dose of tri-todothyronine makes 1t less satis-
factory for maintenance treatment

Guven carly and contiuous therapy the prognosis of cretmism 1s good
The degree of mental defect 15 dependent upon the primary defect and the
age at which treatment was started  Although therapy prevents further
decline 1n mtelligence 1t does not cause any marked improvement n the
mental state

Juvenile Hypothyroidism
Aetiology
In contrast to cretinism this 1s an acquired disease the cause of which 1s
as obscure as i the adult  Histological changes mn the thyroid are those of
atrophy and fibrosts

Cunicar AspecTs

The disease may anse at any ime durmng childhood T early cases say
be confused with true cretmism but gross mental defect 1s not a feature of
acqured hypothyroidsm The onset 1s msidious the previously normal
child gradually slowmg up i growth physical actwity and mental
acuity ‘The teacher notices the child gradually descending the order m
class and refusing to play during the school breaks The cluld complamns of
fatigue excessive cold and the appetite dimunsshes The skin becomes
dry and pale with some puffiness of face A moderate degree of obesity
may be present The extrermities are unduly cold and constipation 15
common Slowing up of maturation delays the onset of puberty and the
disease may present as sexual infanahism

Skeletal growth 1s also retarded and the bone age as deternuned by
X-tay will be below the ck logical age Epiph dysg may
occur and can be musdiagnosed as Perthes disease of the hups

DiIAGNOSIS
The asds to diagnoss and the conditions which may be confused with

thus disease are simlar to those for adult myxoedema with the addion
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of the varions forms of sexual infintlism whuch have to be distingushed
from hypothyrodism

One partienfar problem remams which should be discussed mn this
contest  Very frequently children are brought to the physican wath a
Tustory of long contmued thyroid therapy following an mitial diagnosis
of hypothyroidism  As the cluld 15 perfectly well the parents are anxious
to know whether or not thyroid disease 15 sull present  Sometimes ex-
cellent recorded evidence for the of the diagnos:s 15 avarlabl
Under these circumstances 1¢ 15 obviously necessary to mamtan thyrord
therapy However there may be no mndicaton as to how the
ongmal dignosis was made Physical exanunation will reveal no evi-
dence of hypothyroidism 1n the presence of adequate substitution therapy
and radio-10dine studies are uscless because treatment will have arrested
the production of hormone by 2 normal gland. The only method 15 to
stop thyroid therapy for three to six weeks The appearances of chrucal
signs of hypothyroidism and 2 sing serum cholesterol will confirm the
ongmal diagnosis 1f affer stx wecks the chuld remains normal and radio-
1odmne uptake will give 2 vahd result and a normal uptake mdicates that
hypothyrordism s not present  On the rare occastons that a chuld of under
three years presents wich this problem 1t 1s wise to delay a deasion for at

least a year as withdrawal of thyroid therapy at this age may cause 1=
reparable mental damage

Myxzoedema Adult Hypothyroidism
Aenology

The spontancous cessationt of thyroid actvaty 1n the adult 15 accom-
panted by fibrosis and atrophy of the gland  Hypothyrodsm may also
occur m the course of chronic thyrordits in which the gland 15 enlarged
and shows gross infiltration with small round cells (Hashimoto s type of
thyroiditss)

Surgrcal removal of the thyroid 1s followed by the rapid onset of hypo-
thyrotdism 1 contrast to the slow evolution of the spontaneous type In
some cases an error of judgment results 1 too much thyroid tissue beng
removed but 1 others the gland removed at operation shows lym-
phadenod changes similar to thyroiditis There 1s no clinucal difference m
the thyrotocoss of these patients but 1t has been found that the majority
of patients who develop post-operanve myvoedema have thyroids of
thus type

The g use of radio-10dine has led to the prod of anumber
of cases of post radiation myvoedema In some transient hypothyrowd-
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15m oceutrs but disappears spontancously withm st months Similarly the
throuracil group of drugs will cause hypothyrotdism f givennexcess but
cessation of therapy 1s followed by a retum to normal thyroid function

The physician 15 well aware of the possibilities of hypothyroidism
followng the use of these antithyrord agents but there are allied substances
whose therapeutic use 15 not connected with thyroid disease  Para-amumo-
salicyhic aoid and thio-semi-carbazone both used 1n the treatment of
tuberculosis are examples of this group Thiocyanate once used for
Bypertenston proved a potent antithyroid agent 1t action differmg from
thuouracil in that 1t mhubuts the uptake of sodide and not the synthests of
hormone  More recently resorcmol a constituent of many omtments
used for skin ailments has been found to cause hypothyroidism after
absorption from varcose nlcers The mtroduction of cobalt for the treat-
ment of certain anacmias has added another drug to the hst of those
capable of wducmng hypothyrowdism 10 assocation with an enlarging
thyrod

Crmicat Prcrure

Spontaneons hypothyroidism 1s mamly a disease of women under .o
per cent of cases bemg male It may arise at any age but 15 rare outside the
range of 30-60 years The onset 15 extremely msidious so that at Jeast 2
year may elapse from the first symptom to the final dragnosis

SymerOMS

These are related to the decrease m metabolic rate  Physical fatigue
and mental torpor slowly envelop the pattent  The daily round becomes
more onerous and takes longer to complete  Memory and power of
concentration. become poor but intelligence and humour usually remam
An mtense feeling of cold 1s charactensic indeed a light hearted general-
1zation that a fur coat at Ascot 15 pathognomome has some truth but
does not allow for the vaganes of the English summer Breathlessness on
exertion or even angmal pamn may be presenting symptoms  Constipa-
tion 15 common and the appetite 15 often ympatred  Daffuse aches and
pains n the limbs add to the patient s general musery Lasely the character-
astic change m appearance may be noted by the panent and lead her to

seck advice

Prysicat Siens
A mucinous wfiltration of the skin gives nise to the term my<oedema

and to the gmcral appearance of the pattent The complexion becomes
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pale witha yellow unt and a patch of redness on the cheeks  Peaches and
cream may deseribe the colouration but 15 1approprate to the rough
texture of the thickened skin - Myxoed fil thickens the
eyelds which become very puffy m the morung the hps and the vocal
cords The voice becomes hoarse and monotonous A dry skin with
abscrce of sw eating 15 found all over the body  The patient 1s often aware
of the thickening saymg that her face feels suff and her whole body
bloated. The scalp hatr becomes lustreless and thin. Body hair 1s reduced
but never disappears  Abscnce of the outer third of the eyebrow has been
noted as common but 15 an unreliable sign because 1t 15 50 frequently secn
1 normal people
Some gam i weight 15 partly depending on water
but marked obesity 15 very rare as the appetite tends to dimtnsh wath the
rate of metabolsm  Achlorhydria may be present The abdomen becomes
distended because of 1p and dil; of the colon
The patient moves 1n slow motion the manner of entermg the consult-
ng room suggests the correct dagnosis  Some Joss of motor power may
be detected but the most obvious neurological abnormality 1s the sluggish
reaction of the tendon reflexes Deafitess 15 a further complicanon
occasionally pure nerve deafness but mostly of a mixed type
Enl, of the heact with heart fallure 15 2 common
finding  There 15 some debate as to whether the apparent cardiac enlarge-
ment 15 due to the mvol of the d y the d
process or from a pencardial ¢ffusion  Both events probably occur
Certamly the size of the heart shzdow on fluoroscopy dumimishes after the
admmustration of thyrowd extract The pulse 1s regular and slow although
marked bradycardra 1s mfrequent Coronary artery disease 1s common
probably m association with a rarsed serum cholesterol It 15 pertiment to
sremember that angmal pain 1 women 15 suggestive of myxoedema or
diabetes mellitus  Hypertension may complicate the picture but 1t 15 not
typical of hypothyrord: The elec d shows a low voltage
secord with depresston of the S-T segment 1n all leads
A lowenng of the metabolic rate appears to affect the bone marrow as
amaemua 1s 3 constant finding often enhancing the tendency to water
fetennion, so that pitting oedema of the ankles 15 present as well as the
mucmous nfiltration of the skin  Normochromuc hypochronme and
perct have been descnbed  In some pattents thyrod
extract alone corrects the angema but 1 others iron 15 necessary as well
A few respond to liver extract or Viamuin B 12 bur this suggests a
forturtous associanon of permcious anaemiz and hypothyrosdism.,
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Just as anacrmia or cardiac disease may donunate the chmical preture so
gross psychosis can be a presenting sign of thyroid falure  The mental
reaction mn myxoedemic madness varymg from depression to acute
agitated manua 15 not specific

Myvoedema 15 a relatively bemgn disease incapaaitaung yet seldom
directly fatal However a termunal phase of coma can occur m which the
metabolic rate falls so low that heat production 1s msufficient to mamtain
the body temperature The whole body metabolism comes slowly to a
stop The patient shows every appearance of gross myxoedema ma coma
so deep as to suggest that death has already occurred Respuration 15
shallow and 1rregular and the pulse impercepuible the heart beng just
audible at twenty to thurty beats a mmute The skin 15 as cold as that of a
corpse and the rectal temperature may be as low as 90°F  Recovery from
this state 15 understandably rare

Diacnosis

Primary hypothyroidism has to be distingusshed from the secondary
vantety due to prtuttary falure  Indeed this may be difficult because long
standing my<oedema results 1 impaired adrenal function (as judged by
tests of function) and delay of sexnal maturation 1n the young panent In
both types of hypothroidism lethargy 1s a feature but gross muscular
weakness and collapse after mfection are charactenstic of the secondary
type as these symptoms are due to adrenal falure  But the absence of any
space-occupying leston in the pitwitary region or hustory of post-partum
shock and no evidence of carly and complete hypogonadism or hypo-
glycaena pomt to primary thyroid discase  The texture and colour of
the skan duffers m the two conditrons  The thickened rongh yellow timted
skin of myvxoedema contrasts with the soft smooth chalk-white though
puffy skin of panhypopituitartsm - Body hair 1s rather scanty and scalp hair
very thin m myvoed pared to the almost complete absence of
body hair wath fine scalp harr of prtwitary falure

Occastonally the factes m Addison's disease gives an mpression of
hypothyroidism because of rather puffy eyelids and thm eycbrows The
association of this with a complant of lethargy and sensitivity to cold may
suggest the duag; but these symp are also mn chronic
adrenal fallure and the smooth pigmented skin indicates the correct
diagnosis of Addison s disease It must be remembered that hypothyroid-
1sm occurs 1n a small number of cases of adrenal failure so that mnvestiga-
uon of thyroid function 15 always worth while

Ansemua of all types may suggest hypothyrordism  but 1t 15 more
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common to diagnose persistent anaemta and fadl to realize that 1t 1s due to
thyrod msufficency Type Il nephnins m the nephrotic phase resembles
myxoedema i that a pale puffy face and lugh serum cholesterol are
common to both diseases  As albuminuna 1s sometimes present i myxo-
edema the hypothyroud patient may be diagnosed ncorreetly as suffenng
from nephntis Such difficulties are only present on cursory mspection
a proper history and 1 to distmgush the two
conditions

The dugnosts of myxoedema provides one of the few occasions m
which the family photograph album can be put to practical use asa change
mn the facal appearance 15 50 charactenstic of the dusease  Comparnison
wath eaclier photographs of the patient can give reasonable evidence
of such change and makes 1t possble to date this agamnst the onset of
symptoms

Special tests for hypothyroidism are sumlar to those for thyrotoxicoss
The basal metabohc rate 1s of value although the panent s anxaety about
the test may give a falsely high value On the other hand a BMR of
15 per cent or Jower 1s very suggestive of hypothyroidism 1f the panent 15
well nourshed Radro-1odine techniques are not so reliable as in thyro-
toxcosts because 10dine uptake and discharge may not be widely different
from the Jowest level of normal function I hypothyroidism 15 due to
thyrordins or induced by antithyroid agents radio-rodine will not be of
duagnostic value although of great help m determining the mechanism of
thyroid fadure A carefully observed therapeutic trial of thyrod extract
as suggested m the section on juventle hypothyrordism 15 recommended
when the diagnosis 1s not clanfied by mvestigation

"The serum cholesterol 1s rassed i most cases of myxoedema but 15 also
rased m many other condittons  However seral cholesterol determma-
tonsactas a useful indication of the sesponse to treatment Other relevant
ms esigations mnclude an electrocardiogy diologcal d
of heart size and a full blood count

TREATMENT

The first successful therapy m endocrinology was the admmustration of
2 thyroud extract to a myxoedemic patient Thyroud extract of standard-
1zed potency remams the logical routine treatment today A pure hormone
1s available now n the form of | thyroxine and a further advance has
becn the prep of tr-iodothy But these sut are no
more efficient than thyroid extract (BP) Al are fully effective on oral
admmstranon but tn-todothyromne has 2 remarkable speed of action
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whuch 1s short lived The clinical value of rapid return to normal meta-
bolism 15 problematic and there 15 less danger 1 a slower response
particularly 1f the heart 15 my<oedematous

As a rough companson of potency thyroid extract gr 4 1s equuvalent to
l-thyroxine oos mg or tn-iodothyronne oor mg  Thyrod exurac
has the same speed and duration of action as l-thyrowme but the latter
has the academic advantage of being a pure substance  Eather 15 successful
m treatment given in one oral dose daly Initial dosage depends on the
severity of the disease severe myxoedema 1s responsive to a smaller dose
than 15 required for the muld case  Thyroid extract gr 4 or 1ts equivalent
as l-thyrowne 15 adequate as an intral daily dose for severe myvoedema
while gr 1 or even gr 215 a safe dose for the milder case The particular
dose ought to be continued for at least two weeks before any change 15
contemplated as this ttme 15 required for the body to reach a maximom
response  Fmal mamntenance dosage lies between 2 and 5 grams daly 1t
15 exceptional to find a patient who requtres more than this  An apparent
need for massive thyroid therapy suggests that the thyroid extract 1
impotent the patient faling to take the tablets or an error m dugnosis
has been made

The response to treatment 1s Judged best on purely chnical grounds
‘without recourse to serial deternunations of metabolic rate for the patient
usually reaches op health when bolism 15 on the low side of
normality

Thyroiditis
The acute forms probably mfecave m ongin do not appear to have
any aenological relattonship to chronic thyrotdis which 15 unlikely to
be inflammatory mn onigm

ACUTE AND SUBACUTE THYROIDITIS

The responsible organtsm 15 unknown but the occurrence of acute
thyrorditis m assoczation with specific fevers or local mfections of the
teeth or throat makes 1t probable that several agents may mfluence the
thyrord Spontancous resolution 15 the rule but suppuration can ocour

The onset 1s sudden pyrexia and general malasse bemg assoctated with
a tender swelling of the thyroid which makes swallowmg or moving the
neck very panful Examwmation reveals a diffuse firm tender swelling of
the thyroid often mvolving only one side  The overlymg skin 1s hot and

may be reddened

Diagnosis depends on dentfying the mflammatory nuass as the thyrod
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by detecting 1ts movement on swallowing Cellulitis of the neck mumics
the symp and outward app of thyrorditis On the other hand

hacmorthage into a pre-ewsting gortre gives a tender Jocahized swelling of
an enlarged thyroid without the constitutional disturbance

Curonic THYROIDITIS

Two distinct histological types are seen neither following upon acute
thyrouditis Each type hasits own disunctive natural hustory the aetiology
of both 15s unknown and their mutual relationship uncertan

Crronie Lymprapenomn Tryromrms (Hasrmvoro s Tyes)

A lymphoid mfiltranon mnvades the whole gland which 1s diffusely
enlarged  Small round cell nfilraton 15 scen with lymph follicles and
some guant cells  Some fibross 1s present but 1s not marked  The degree
and unsformuty of cellalar infiltration and fibrosts can be vanable Some-
times only part of the thyroid 1s mvolved by the condition.

Thus type of thyroidins 1s usually found in middle age and affects women
almost exclusively The presence of pressure symptoms and the goitre
atself are the mam complamts  The gotre 1s smooth, symmetncal and of
firm consustency ‘The trachea may be displaced but 15 seldom constncted
Although there may be symptoms suggestne of thyrotoxicosis m the
earlter phase of the disease frank my<oedema mvamably appears in the
later stages  The plasma protems are often qualitanvely abnormal

Curonic Fierous THYROIDITIS {RIEDEL S TYPE)

In this very rare condition the thyroid becomes enlarged stony bard
and firmly adherent to the trachea However the goitre still moves on
swallowing and 15 not adherent to the overlying skin. The gland 1s con-
verted 1nto a dense mass of fibrous tssue so hard that 1¢ 15 dafficult to cut
The process develops at a vanable rate sometimes advanang rapidly m a
few wecks at others taking many months to develop fully

Two out of three patients with Riedel s thyroidins are women usually
afflicted 1 muddle age  The patient complams of stridor and dysphagia
with a constant fecling of pressure on the neck. The charactenstics of the
gottre are 1ts stony hardness and close application to the trachea It 1s
surprising that hypothyroidism 1s by no means a constant finding and 1s
seldom severe 1n 1ts manifestanons

Diacrosis

The goitre of thyroiditss 15 to be distmgushed from carcinoma or
*
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sarcoma of the thyroid and from a non-toxic goutre with adenomata The
smooth contour of lymphoid thyroiditis and 1ts assoctation with hypothy-
rordism 15 unlike caranoma or a non-toxic gottre However clncal
distinction of thyroiditis from a neoplasm of the thyroid 15 often 1mpos-
sible so biopsy or even resection of the gland may be necessary for a final
dragnosts

TREATMENT

Operative removal 1s required to cure pressure symptoms In the
lymphosd type favourable response to deep X-ray therapy often makes an
operation y provided the d 18 certamn. It 1s imp to
keep these patients under observation to detect hypothyroidism m its
carly stages The admumistration of thyroud extract will not only reheve
the symptoms of hypothyrosdism but can be used 1 the earher stages of
the disease to decrease the size of the goitre




CHAPTER V

THE ADRENALS

AnatoMy
THE adrenal glands are two small flattened bodues lying behund the penr-
toneum immeduately n front of and above each kidney The nght
adrenal 15 roughly trangular and the left crescentic in shape  Each weighs
from 3-4 grams and consssts of an outer cortical portion nch i kpords
and an mner medulla consisting of chromaffin tissue  The ewo portions
are distinct 1 histology embryology and function. The medulla arsses
from the chromaffin cells which are the forerunners of the sympathetic
ganglia and the cortex 15 denved from the coclomic epthelum

The adrenal cortex consists of a fine connective tissue network m which
1s embedded the glandular epithelm These cells arc arranged i rounded
groups below the capsule to form the zona glomerulosa with a deeper
layer or zona fasaiculata arranged radially  An inner layer next to the
medulla 1s the zona retreulans consisung of irregularly arranged columns

of cells The medulla 15 extremely vascalar and s composed of large
h ffin cells persed with venous d:

Puystorocy

(1) Medulla

The adrenal medulla forms part of the sympathetic system which
secretes adrenaln and nor-adremalin This secrenon 15 wnder nervous
control Adrenalin 1s rapidly destroyed i the body so that 1ts action 1s
transitory It cffects are sumilar to those produced by stimulation of the
sympathetic nervous system and 1t 15 therefore classed as a sympatho-
rumetic substance  As the action of adrenalin and the autonomuc nervous
system 15 50 well described m textbooks of physiology and pharmacology
no full account of adrenalin will be given here It 15 sufficient to add that

drenalin 15 enturely e m action having little effect on
the heart 1n contrast to adrenakn Thss pomt 1s important mn relation to
functioning tumours of the medulla and the therapeutic use of nor-
adrenalm nfustons

As the adrenal medulla 15 only part of the sympathenc ganglion
system 1t 1s not surprsing that its presence 15 not essential to ife or health
(2) Cortex

The hormones elaborated by the adrenal cortex are all sterowds being

s
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synthesized from cholestero] The exact nnmber of active hormones 1
still unknown as so manv have been ssolated from adrenal sswe The
physiological activity of each hormone 1s shated to some degree by the
others consequently 1t 15 imposuible to ascribe the phystological effects of
adremal secretion to the scparate action of each hormone A normal
adrenocortieal secrehon 15 essential to health and the absence of these
hormeones 1t fatal

K CHOH=CH,
NH CH,
Adr malin

oh

R CHOR~CH,
NH,

Nor adren hn

OH

HORMONES OF ADRENAL MEDULLA

Chemstry of Adrenal Cortical Hormones The bald fact that thuty
dufferent sterords have been 1sofated from the adrenal cortexs merely con~
fusing unless 1t 15 realized that many of these compounds arc formed as
stepsn the b of the adrenal

The adrenal cortex 1s nch 1n cholestero! the base matenal from which
adrenal sterouds are formed  The sequence of events and the formulae of
the hormones are d 1 the accompanying d and the
umportant steps ace 38 follows

(x) The side chamn of cholesterol 1s spht off grving e to two seres of
hormone precursors one group contammng 1o carbon atoms (Cro
sterords) and the other 21 carbon atoms (C..1 sterords) This imual process
15 controlled by ACTH There 15 ketle evidunce to suggest that 1t
regulates any other step 1 blosynthesis Hence the antenor prtuttary
controls the adrenocortical rate of seerenon simply by regulatng the
amount of harmone precursors which ate avarlable to the adrenal enzyme
the b (with the probabl pnon of

systems that sy
aldosterone)
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(2) Cro sterord precursors have not asyet been identified They pne
nse to the adremal androgens as represented by adrenosterone and
androsterone These hormones have a ketone group at the 17th carbon
atom and provide the greater part of the adrenocortical contnbuton to
urinary 17-ketosterords

(3) The Car steroud precursor has been dentified as pregnenolone
which 15 oxadized to progesterone The latter 15 the key substance 1n the
synthests of Car sterord hormones Hydroxylation of the 215t and 11th
carbon atom of progesterone forms corticosterone  Hydroxylation of
the 17th carbon atom of progesterone followed by hydroxylaton of the
215t and 1xth carbon atom forms hydrocortsone  Aldosterone 1 also
formed from progesterone but 1ts pathway of synthesisss stll unidentfier

Hydrocortisone 1s the principal constatuent of the adrenocorucal secre
tionn man It has a weak effect on electrolytes but a2 powerful effect on
carbohydrate metabolsm and 15 therefore termed 2 glucocorticord
Cortsone 15 also a glucocorticord and 1s present m small amounts 1
systemic blood probably bemg formed from hydrocortisone at some st
other than the adrenal

Aldosterone 15 a weak glucocorticord but immensely potent m is effect
on electrolytes and 1s therefore termed 2 mineralocorucoid  Cortrcoster-
one possesses about 1/200 of the mmeralocorticord potency of aldosterone
butats serum concentration 1s about one hundred tumes greater Therefore
m terms of normal physiology both hormones must be considered as
effective mineralocorticoids

The adrenocortical secretion contams not only androgens but also small
amounts of oestrogens and pregestanonal hormones The adrenal andro-
gens are not so potent as testosterone (secreted by the tests) However
adrenal oestrogens are simlar m therr chemstry and physiologacal effect
to those secreted by the ovary The important role of progesterone 1
hormone synthests mahes 1t obvions that progestational substances can be
extracted from the adrenal

PHYSIOLOGY OF ADRENAL CORTICAL HORMONES
(x) Mineralocorticords

The muneralocorticord secretion of the adrenal mamtams the normal
balance of sodium and chloride within the body Adrenalectomy results
m a loss of sodum and chlonde from the body because of an mereased
unnary excretion of thesc tons Dehydration follows because the volume
of water excreted 1s also mcreased  One of the results of dehydranon 152
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Jowenng of plasma volume In quence the serum conc of
sodwm and chloride appear to be normal until the uninary loss of salt has
contnued for some ime ' When the serum levels of sodium and chlonde
do fall to subnormal values the unmary loss of these elements sull con-
tmues The persistence of a high unnary sodium chlonde concentration
when the body 15 obviously dehydrated and salt deficient 15 typical of
adrenocortical failure and 1n contrast to other forms of salt defictency

While adrenalectomy mcreases the renal loss of sodium 1t decreases the
urnary excrenon of potassium At the same time potassium passes from
the cellsnto the serum  as a result of a falling serum sodium concentration.
By these two mechanisms serum potassum reaches abnormally hugh
concentrations

The ad of ! ds to the adrenal d
subject will restore normal electrolyte balance  These hormones act at the
level of the renal tubule mcreasing the tubular reabsorption of sodam and
chlonde from the plomerular filtrate and decreasng the reabsorpnion of
potasstumn. ‘Thus sodium and chloride are conserved and excess potassuum
1slost For thus reason the serum or unnary ratios of sodium to potassum
are more valuable than the individual concentration of either element as 2
gurde to adrenal farlure or the action of muneralocorticords

As a direct effect of mneralocornicord control of sodium and potassium
1n the adrenalectomuzed subject the plasma volume returns to normal and
dehydration disappears

The effect of overdosage with muneralocorticoids has been demon-
strated with the synthetic hormone deoxycorticosterone (deoxycortone
BP} Excessive storage of sodim results m oedema cardiac dilation and
hypertension, which can lead to heart fulure Comadent with sodim.
retention there 15 a loss of potassium excreted m the unne and a fall

1

serum p to dangerously low levels
(2) Glucocorticords

The biological assay for these hormones 1s dependent on their abihity to
mncrease lver glycogen dep However the dep of glycogen

1s accompanted by a nise 1n blood sugar as gluconeogenesss from proten
15 accelerated and the penpheral action of insulin 15 impaired  Hence a
tendency to hypoglycaenma and extreme sensitraaty to msubn 1s found
after adrenal y ands d by the ad of gluco~
corticords

Physiological speaking the action on catbohydrate metabolism 25 not
5o 1mportant as the protecuve action on the body subjected to myury
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The undertymg mechamsm temams obscure but the admunstration of
glucocorticonds to the adrenslectomuzed anumal will prevent tt succumbing
to guUnor trauma

Another type of action concems the promotion of normal water
duwresss The adrenalectonuzed animal cannot secrete 2 water load evet
when locorticods are ad: 3 Normal senal excrenon of
water 15 restored by glucocorneonds  Overdosage with glucocorticos
results 1 proten bretkdown  excessive gluconcogeness and foss of
potassum from breakdown of cells Jeading to 2 dunmunon 1 body
proten and an mcrease of fat (storage of excess carbohydrate)

(3) Androgens

Adrenal androgens are fess potent than those secreted by the tesus butsn
the female play a Jarge parct 1 the growth of aallary and pubsc harr
Apart from sex effccts they promote protem anabolism

An excess of androgen causes vinttzation of the fermale and precoaious
somatie grow th i children of both sexes with premature development of
male sex characterisoes

{4) Other Physiological Effeets of Adrenal Secretion

Several physiological pracesses are effected by the adrenal secrenon 253
whole rather than in terms of gluco~ or mmneralocosticord actvity  Pers
formance of muscular work mamtenance of normal blood pressure and
all-round health cannot be achieved completely by any single hormone

Aprenocorticorroriin (A CT H ) anp 1ie Aprenar CorTex

The adrenal cortex deprrved of its prruttary sumulus Sumnushes 1n size
becomes atropluc and secretes yes hormones at a greatly reduced nte
The mamtenance of normal cell structure and the normal rate of hormone
secretton are both dependent on adequate sumulstion from ACTH
The antenos pitusrary secretes A CTH 1n response to sumuls from the
hypothalamus or to a falling concentration of arculatng corncoids Not
alf the adrenal sterords partake i thus anteraction between cxreulating
adrenal hormones and the pitmtary mdeed hydrocortisone and cornsene
are the only natural hormones which have a profound effecton ACTH
release  Experimental work mdscates that the piwtary secresson of
ACTH s at 2 hugh levelm the absence of arculatng hydrocortsone
while admimstration of thus hormone m farge amounts completely m-
Tubuts the releaseof ACTH

The pituisary does not appeat to control the rate of seerenon of aldos-
terone  The adrenal owtput of this hormone appears to be related
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10 the state of the body s hydranon and not on the serum concentration
of sodum or potassium  However A CTH docs influence clectrolyte
balance by sumulating the secretion of corticosterone

Adrenal Mcdullary Dy sfunction
As the adrenal medullae form only part of the adrenalin secreting tissue
of the body their destruction s not followed by any long term physio-
logical disturbance At the most ther removal 1 accompamed by
transtent hypotensson which 1s relieved by nor-adrenalin On the other
hand chromaffin tumours of the adrenal medulla or organs of Zuckerkandl
(lying beside the aorta) may secrete an excess of adrenalin and nor-

adrenalin resulung 1n a severe disturbance of physiology

PRAEOCHROMOCYTOMA

Thas tumour commonly anses from the adrenal medulla mvolving the
tight side rather more often that the left but sometimes both It may also
anse from chromaffin tissue lyng beside the abdominal aorta or even n
the chest or neck. The growth 1s seldom malignant 1ts hustology resem-
bles the normal adrenal medulla with a network of capillanes and con-
fiective tissue separatmg masses of Jarge polyhedral cells which stan
brown with chromic actd The size of the tumour 1s very vanable the
majonty bemg small and solid but cystic degeneration and areas of hae-
morrhage occur particularly m the larger growths

The phacochromocytoma 1s not always a functionmg tumour medul-
lary growths are more likely to exhibit endocrine activaty than those 1
extramedullary sites In the functionng growth varying proportions of
adrenalin and nor-adrenalin are found but the latter usually predomunates
and 1s responsible for chinucal symptoms to a greater extent than adrenalin

Crmicar, MANTEESTATIONS

The syndrome due to a nor-adrenaln secretng tumour 15 extremely
tare It has been observed m patients of all ages but more than half the
eases have been between 20 and 5o years old Females are affected
shightly more frequently than males and a famulral sncidence has been found
on several occasions  There 15 also an with fit

The cardinal manfestation 1s hypertension which may be sustamed or
patoxysmal If the elevanon of the blood pressurc has been present for
some time the hypertension appears to be mamtained by some mechan-
1sm possibly renal which 15 not dependent on adrenalin because removal
of the tumour does not alter the blood pressure  On the other hand some
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patients with hypertension sndistinguishable on clmucal grounds from the
bemgn or malignant essentral vanety are cured by the removal of the
tumour

The symptomatology of paroxysmal hypertension grves an excellent
clue to the correct diagnosts but unfortunately only about one third of
the cases present with such a charactenistic hustory  Attacks of hyperten
sion are due to widespread vasoconstriction in response to an outpouring
of nor-adrenalin (and adrenalin) from the tumour The onset 1s sudden
and dramatic for the panent who expeniences a sense of constriction 1 the
chest palpitations and severe headache often accentuated by an intense
fechng of fear Other symptoms are praccordial pauns dizzmess nausea
and diarrhoea  Any one symptom may be the sole mamfestation of a
nunor attrck  ‘The notable phystcal sign n 2 paroxysm 15 hypertension
both systolic and duastolic often to an extreme degree The sk 15
blanched the pulse rapid bemng scarcely perceptible at the wrst and the
pupils are dilated  Although the skun temperature 15 lowered the body
temperature may be rased and the metabole rate mereased  Glycosura
with hyperglycaemia may occur The attack can last from 2 few, muutes
to several hours prolongation. of the paroxysm may give ms¢ to acute
haemorrhagic retnopathy or hypertenstve encephalopathy The end of
an attack 15 heralded by a return of colour to the skin profuse sweatng
and a constriction of the pupils The patient gams rapid rhef from Jus
symptoms but 1s left weak and prostrated for some ime

Dracnosts
The erurx of the problem lies m the detection of the rare case of phaco

chromocytoma among the many patients with essential hypertension
In some mstances the presence of neurofibromatosis a past history sug-
gestrve of hypertensive paroxysms or even a famuly hstory of phaco-
chromocytoma rassc the possibility of an adrenalin secreting tumour

Oceasionally the tumour may be palpable and sometimes palpation 1 the
renal rea will provoke an attack of hypertension, However the only
method of making sure that no case of phacochromocytoma ss mussed m
the presence of sustaned hypertension ss to subject all young hypertensive
subjects without renal disease to spectal mvesngation The desirability o

such a procedure might be questioned m view of the large numbers of
negative anvesugations that must result but such a course could be justr=
fied f the test employed was speafic readily available and wathout 1ll

cffects
1€ the condition presents with paroxysmal hypertension the symptoms



THE ADRENALS 83

may be confised with nugrame angma pectons vasovagalatacks oreven
thyrotowcosss These dufficulties wall be resolved 1f the patient 1s observed
during the attack and the blood pressure recorded
Special myesugations play a large part n dragnosis The most logreal
approach 15 the esumation of catechol ammes (1¢ adrenahn or nor-
adrenalm) 1 serum ot utme by chemical or biological methods A
marked mnerease m the serum concentration or unnary secretion of these
b 15 drag ofa fi g tumour the rato of adrenalm to
nor adrenalin bemg the same as m extracts of the tumour tissue As the
secretory actvity of the tumour vanes diagnostic concentrations of
catechol amunes are not necessanly present at all imes a dufficulty which
can be resolved by repeating the assay  The only bar to the wide applica-
tion of catechol amine has been the complevaty of the techm-
quesmvolved However recent modifi make 1t very probable that
a smplified procedure will not only be speatfic but easily avalable as a
screening test 1n all suitable cases of hypertension
Other less direct approaches to the diagnosis can be divided 1nto pro-
vocatve and adrenolytic tests Firm manual pressure in the adrenal area
may nduce an attack of hypertension, but such a crude method 1s not
recommended The same effect 15 produced by the myection of histamune
or methacholine but failure to mduce hypertension does not exclude the
presence of a tumour A further disadvantage of any provocatve test 1s
the discomfort and even danger to which the patent is subjected when a
paroxysm 15 induced Indeed the test should not be carned out unless an
adrenolyuc agent 1s 1immediately to hand so that an attack can be cut short
Adrenolytic tests mvolve the lowenng of the blood pressure by adren-
aln antagomists A prerequisite of the test 15 hypertension and a false
negative result may be obtamed 1f the blood pressure ongnally elevated
by an adrenalin secreting tumour 15 mamtaned by some other mechan-
1sm Dit pp and ph ) are the three adrenoly
e agents which have been studied m detall  Dibenarmine causes 2 falln
blood pressure that may be dangerously prolonged in the presence of a
phacochromocytoma and may also occur m essential hypertension
Piperovane does not gtve these false posttive results and has a short penod
of action but 1t has proved towic to some patients The safest agent
avatlable at the moment 15 phentolamume  the details of 1ts use m diagnoss
are recorded n the Appendux
The problem of 1 local follows the d of a
phacochromocytoma  An mtravenous pyelogram may indicate displace-
ment of the ludney by the tumour or more accurate radtographuc local-
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szanion can be achieved by outlnng the adrenals wich air which should
be miroduced by the presacral ronte durect penrenal meuffation 1
dangerous in that the needle may puncture the tumour A farther refine-
ment 15 aorcography which 1s of hmuted use because of the nisks from
amcsthcsxi or ﬁ-cim sumalacson of the tumour by the needle  As falure of

grap que to kize 2 mass docs not exclude che posschieey
of a small tumour beng present some surgeons prefer exploraton of the
adrenals a5 2 means of Tocal c g the op 0 semove

the tumour when 1t 15 found  The rare extramedullary tumour makes the
problem more difficult as 1t wall not be located if the adrenals are axplored
by the lumbar route However the most likely site for an extramedullary
growth 1s alongside the abdommmal aorta an area that can be explored
together with the adrenals by a transpentoneal approach

TREATMENT

The only effective treatrnent 15 surgical removal of the tumour but it
wmust be emphastzed that elus wall not benefit the patent whose hyperten-
stont 13 no longet dependent on ad; Prior to op the seventy
of hypertension parucularly m terms of progressive tetmmopathy or
encephalopathy may require the use of adrenolpnic drugs Repeated
mtravenous myections of phentolamme (-10 mg ) or of piperovanc
(s-15 mg ) will control the bloed pressure and a constant mtravenous
nfusion of these drugs can be employed Ganghon blocking agents are
not effective

Before adrenolytic agernts and drenalbn were availabl
zemoval of the tumour was extremely dangerous because of the violent
nse m blood pressare on handhing the tamour and severe hypotension
after clamping the adrenal pedicle  The mmportance of correct phat-
miacological control dunng aperation 1s 5o great that te mast be the sole
responsnibility of one man with an assistant to record the blood pressure

The chorce of adrenoly tac agents lies betw ecn phentolamune and piper-
oxane as dibenamne has a prolonged action which will mterfere with the

L 1 Im A y

g of nor-ad pine n p
potentuates the pressor effect of adrenalin and should only be used 1 con-
Juncaon with an mjeetion of phentolamune  Sumddarly cther 15 to be
avorded as an anaesthetic chloroform ethyl chlonde and cydopropane
should not be used because they may cause sentnenlar athythua m the
presence of excess adrenabn. 1€ a muscle relavant 15 used gallamine 35
preferable to curare which has 2 Justarmme Iike action

Before the inducnon of h d infusion

a ¢
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must be started keeping the vem open wath a slow dnp of 5 per cent
dextrose (sahne may embarrass the arculaton) The gvmg set 15 s0
arranged that 2 boule contuning s per cent dextrose wath nor adrenalin
4 mg flitre 1s ready to be run m 25 an alternative to the dextrose solunon
Hyp 1 lled by giving an adrenolytic agent 1nto the tube
of the mfusion apparatus the amount given depending on the pauents
response  Phentolamme s mg 1v should precede the anaesthene 2nd
thereafier supplementary doses will be needed whenever the systolic
pressure nses about 150 mg Hg (recorded every munute) The surgeon
must give prior warnmg of handhng the tumour the dissection bemng
carried out with extreme gentleness  Five munutes prior to clamping the
adrenal pedicle 2 further warmng 1s given so that no more phentolamine 1s
mjected Directly the pedicle 1s clamped the blood pressure will begin to
fall and the mfusion of nor-adrenalin 15 begun, 1ts rate depending on the
blood pressure  This mfusion 15 continued for a few hours after the
patient s recurn to the ward  The blood pressure must be recorded every
15 mmuntttes for the first 24 hours after operation. Durmng this tme the
mfusion of nor-adrenaln 15 slowed down and brought to a stop if the
blood pressure remarns at a satisfactory level It 1s wise to keep the vem
open with 2 dextrose dnp and have nor-adrenalin immediately avalable
m case there 13 a subsequent fall in blood pressure

Adrenal Cortical Failure

‘The major propornon of both adrenal cortices must be destroyed before
farlure of function becomes apparent  Urulateral lestons are not accom-
pared by signs of adrenal msufictency  Acute destruction of the adrenals
15 very rare but chronic pathological processes may present with acute
sgns of adrenal falure precpitated by mjury or mfection. Beanng m
mund that diffe 1m symp logy and separate acute
from chronic adrenal farlure regardless of the aetiology 1t 15 wise to
adopt a classification based on the underlying pathological process By
this method one can dustnguish

(1) Primary Adrenal Failure

(a} Acute lesions
Haemorrhagic (i new born)
Thrombosss of adrenal vens
Sep (leading to } hage)
Surgical removal of adrenals
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(b} Chronic festons
Tuberculoss
Idiopathic atrophy
Carcnomatous destruction syphulis and other rate cavses

(2} Secondsry Adrensf Faslure
Lestons of antertor puuntary causing failure of adrenocosticatrophun
(A CTH) secretion

Acute Lesiong

Spontaneous acute destruction of the adrenals 15 extremely rare and
surgreal remaval of the adrenals should not give nise to acute adrenal
fulure because adequate hormone therapy 5s a prerequustte of adrema
lectomy The p and of adrenal msufficency after
operation 3s dealt with in a later section wath g further note 1 the secuon
on Cusfung s syndrome on the type of adrenal fatfure which may follow
subtotal adrenalectomy m this disease (see page 105}

{s} Adwnal Haemorthage en the New -Botn

Masnve bilaters] haemorrhagic destrucuon 15 facilitated by the raprd
snvolution of the cortex that occurs nornually after buth - Asphyxa during
ot afeer labour 1 probably the precipitating factor  Symptoms develop
a few hours or days after birth leading to exreme prostration hwdiry
of the extremues fecble pulse and convulstons Generahzed purpura
may be present the condition 15 tapidly fatal but fortunately of great

ranty

(b) IWaterkosse-Frederechsers Syndrome

In chuldren acute septicacmua usally of meningococeal onga may be
assocaated with generahized purpura and haemorrhagsc destrucnon of the
adrenals The onset 3 fulmmant the extremely towc state engendered
by the causative organism beng complicated by acutc adeenal fadure
Headache vomung abdomunal pam and often diarrhora are followed
by delimum which gives way to coma  Penphers! arculatory colfapse
1s marked and the temperature after reachung 105 or 106 , falls to sub-
norsmal fevels as death supervenes  Surenuous treatment with antibioncs
and adrenal hormones may save hfe but often the nfection 15 50 aver~

whelring that no thesapy 15 of avaul
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(¢} Blateral Thrombosis of Adrenal Vens

The cause of the thrombosis 1s unknown It occurs m adult life usually
assocuated with pregnancy or followmng severe bums bur sometimes
apparendly healthy people  Abdomunal pam 1s the mam feature assoctated
with persistent vomutng  The pamn 15 severe and continuous located 1n
the epigastrium or under the nght costal margrn, but scldom m the Jom
and always without muscular ngidity There 15 2 surpnsing absence of
collapse but pulmonary oedema heralds the fatal termunaton  The
appropriate treatment 1s stmiar to that for an Addusonsan ersis (see
page 94)

Chronic Adrenal Lesion Addison's Disease
The ongns of modem endocnnology stem largely from Thomas
Addison s descrsption of the discase that bears hus name In 1855 he
reported 2 condition of languor debility fecble action of the heart and

skin p which he d correctly wath bilateral adrenal
destruction found at autopsy

PatnoLocy

In the past tuberculons was the cause of about 80 per cent of Addison s
disease 1dropathuc atrophy accounting for most of the other cases The
dechne 1n the madence of tuberculosts m this country has led to the
present positton m which rdiopathic atrophy 15 as as tubercull
m chromic adrenal fature  Other causes such as metastanic carcnoma
syphilitie fibrosis or amyloidosts are very rare

Tuberculosis destroys both the cortex and the medulla of the adrenal
The leston vanes from massive cascation to the prohiferative type with
many tubercles and fibroblasts Calafication 1s rare It 15 remarkable
that the hustological picture 15 alw ays one of actve tuberculosts even when
all other foa of the disease appear to be healed

Idiopathic atrophy 15 of unknown aetiology n some mstances theresa
fanulial incidence of the disease In contrast to tuberculosss the medulla
15 unaffected despite complete atrophy of the cortex Necrosts of the cells
reduces the cortex to the thmness of paper  Some fibrosis occurs and the
cortex shows derable mnfil with lymphocytes which disan-
gusshes sdiopathne atrophy from the atropluc cortex due to puwutary
fadure It 1 of mterest that the thyroid shows hustological evidence of
atrophy 1 many cases of 1dopathuc atrophy of the adrenal but not m

cases of tuberculous destruction Qccasionally there 1s clinical evidence of
hypothyrordism
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CunicaL

Adduon’s disease 15 rare It can occur at any age but us mawmum
wnadence hes in the fourth and fifth decade  Chuldren are seldom affected
Thus dusease 33 of world-wide distribution and the sexes are equally prone
to 1ts des clopment

The onset 13 usually msidious but the d disease 15 bly
fatal the tempo of ats progress bemng vaned by acute episodes Some-
fimes there are no premontory symptoms and the clical presentanon 18
1 the acute form of an Addisoman ensis However the symptomatology
of the chronc form s related to that of the crists vatiations i the chmal
preture ndicating that the disturbance of physiology 15 not uniform w all
patients  Symptoms and signs fall into related groups as follows

Asthenra

A profound lethargy envelops the patient Muscular fangue after
exertion 1s linked with a disinchination to undertake the dady routne
Later actual muscle weakness occurs which 15 so marked 1 a crsis thatthe
patient cannot bt lus head from the pillow  In this state muscle cramps

are common

Gastro-Intestinal

Anorevia and vague dvspepsia are early symptoms A distaste for faty
foods may simulate gall bladder disease 1n rare mstances salt-craving may
suggest the correct diagnosis  Vonuung 13 ommnous usually heraldng
acrsis whenp vomitng 1s d wth g lized abd !
pamn and often drarrhoca

Cardiov ascular

Hypotension gives nise to famtess parncularly when the patient has
been standing for some ttme Dimunsshed cardsac reserve causes dy sproea
on exernion 2lthough ths 1s not a domunant symptom  Profound pen-
pheral vaseular collapse 15 charactense of a enus

Hypoglycacmta

Frank symptoms of hypoglycaerua ate telanvely rarc Mental con-
fusion dizzmess visual disturbance or diplopia are likely to anise 1n the
early morming when the panent has been fasting or after strenuous exer-
ase wathout food It 15 important to remember that one cause of coma
durmng an Addisonsan crists1s hypoglycaema This tends to be forgotten
the panent recaving sabne intravenously but no glucose unul severe

hypoglycscmia has developed
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Sex

Loss of kibido 15 common to both sexes and i women amenorrhoea 1s

the rule but does not usually occur until the panent s general health has
detenonated

Resistance to Stress

The patient s hfe 15 at the mercy of minor mfections or traumata which
would do no more than annoy a healthy person  Prostration or delayed
recovery from everyday mfc
adrenal falure

An mmportant aspect of thus failure to adjust to environmental changes
1s the severe clmtcal disturbance which results from relatively mnor
deviations from normal electrolyte equiibnum or blood-sugar concen-
tration For thus reason chemical evidence of adrenal msufficiency does
not show the gross changes expected from the chntcal picture

Mscellaneous

The metabohe rate 15 fowered by a lack of adrenocortical hormones
and many panents are mrolerant of cold weather Generalized aches and
pams of an arthralgic type are very and reheved d; Ity by
hormonal replacement thetapy ~ Although the prevang mood of a
patient with Addison s disease 15 one of apathy and depression, the disease
can present with evidence of acute mama an ommous sign for the rest-

Tessness 1t mduces will aggravate the physical weakness
<

15 a symp! ggestive of chromc
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PHYSICAL SiGNS
Pygmentation

A duty brown pigmentation over the body 1s charactenisuc of Addison s
diseast 1ts suggestion of healthy sun-tan contrasting with the weakness
and lethargy of the patent The pigmentation 35 maomal over the
exposed parts of the body but 15 aka accentaated 1 areas Lader pressure
from dothing such as the awlla and those parts bike the areols of the
breast which are normally pigmented  In addinion to the duffuse pig
meneatron sutall et black pigmented spots or feekles are frequendy wwea
Occastonally arcas of vinligo contrast with the brown skin Pigmentanon
15 also presentin recent sears The backs of che fingers are often so heanly
prgmented with the typical dieey grey brown colour that the patient 1s
forever washing bis hands 1 2 vain attempt to clean them  In the palm
of the hand pigmentation of the creases 15 common, and 1 the mouth
by the lip margin or the muco a of the cheek or palate the pigmentanon
35 also found but 15 commonly of a blue mk-sran sype  Symalar blue
spots of pigmentation are found on the kb but not 1 the vagina

The degree of pigmentation depends on the duration of adrenal farfure
and the narural colovranon of the skin It 15 seldom marked if the onset
of the disease 15 acute and vsually takes several months to develop fris
more obvious n brunettes than blondes but cannot be distmgushed
agamst the nonma) colovranon of the dark slansed races although the
blue pigmentation of the buccal mucosa retawms 1ts dagnostic ssgruficance
atall imes  Sunsh the pig but there s firtle fading
dunpg the wnter s

The pigmentation 15 due to melaun but the mechanism of 1ts deposi-
tion has been 3 problens for a long nme  The old theory 15 that dioxy-
phenylalanme which may be a of adrenaln 15 not o dto
ths substance but becomes fixed m the sk as melann More recent
work makes 1t probabfe that the pig 15 nfl d by an execs-
sive secrenion of mtermedin the melanophose expanding hormone which
has a dlose chemscal assocanon with ACTH  Cortisone anhibuts the
exessive production of & C T H i Addison s disease and dumymshes the

pigmentation

Loss of Weight
As the dusease progresses loss of weight mamly as a resule of anorexsa

Hecomes marked and 15 accentuated by dehydeation.

Cardiovaseular Changes
A remarkably feeble action of the pulse was noted by Adduson and s
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stll an smportant sign beng present when there 1s no significant hypo-
tension However a lowerng of the blood pressure 15 2 major feature m
severe cases the systohic pressure seldom nsmyg above 100 mg Hg  The
blood pressure should be recorded with the patient erect as well as lymg
down because postural hypotension 15 often observed  The heart sounds
are fant and the size of heart demonstrated radiograplucally 1s greatly
dimimshed by virtue of reduced Blood volume and actual atrophy of the
myocardium

Electrocardiographic changes mamly consistng of depression of the
T wave are found frequently but are not speafic Restoration to nor-
mality may depend on correction of the clectrolyte disturbance but the
action of cortisone 1s usually required for complete normaliy

Miscellaneous

Apart from pigmentation the skin 15 often abnormal m 1ts peculiar
fineness of texrure assocated n women with an absence of hair  Harr
growth of scalp axilla and pubss 15 normal in men due to the adequare
amount of androgen derved from the tesus but the absence of adrenal

androgens results 1 2 loss of axllary and pubic hair {with normal scalp
hatr) m women

Addisoman Crsis
Thus acute epssode 15 precipitated by mfection trauma or salt loss from
vomiting or excessive sweating  The precipitanng factor may be quuite

mimnor 1n wself but 1¢ sets off a distucbance of such severity that hfe 1
always th d and hed

Muscular weakness mereases rapidly unnl the shghtest effort becomes
mmpossible  Vomiting 1s persistent the flud loss bemng aggravated by
charr} Abd ] pam, with a marked nigsdity 15 severe
enough to mumic an acute abdommal catastrophe  The skin becomes cold
and melastic from dehydration and the body temperature falls The
radual pulse 1s imperceptible the blood pressure unreadable and the heart
sounds scarcely audible The profound penpheral vascular collapse lends
a cyanotic tmge to the and the fall m gl lar filtranon
rate may result 1 anuna A curious feature 1s the not mfrequent occur-

rence of hyperpyrexia when the patient 15 bemg resuscitated with mtra-
venous flwnds

Dragnosts

Tiredness 15 so umversal a symptom that the rare mstance of languor
and fatigue from Addison s disease may be overlooked Alternatively
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the pernseent complamts of the chronic newrone ean suggest adrenal
farfure but the absence of prgmentation and the varability of the symprom
wndicate the correct diagnoss Greater dffiewlises anse wish cestain orgame
conditsons

Steatorthoea

Malabsorpuon by the small mtesune Teads to loss of wesghe fangue
and often some degree of hypotension together with a brown pigmenta
uon of thebody Diarrhoca may be absent and vague dyspepuc symptoms
give a false suggestion of chronic adtenal fadure  Absence of buccal
pgmentaton 15 a pownt agamst adrenal fadure However final diagnoss
depends on special tests parucularty a £at balance to demonstrate steator-
shoea with considerable care an thewr mterpresanon because 1o steator
thoea the glucose tolerance curve 15 flat and slow absorprion leads 1o
Gdure of diuresss after a water Joad

Tubereulosts

As Addsons distase can co-cnst with acuve rubercaloss ;m extra-
adrenal sites thys can Be a senovs problem of differential diagnoss Apart
from the symptoms of tuberculosts the loss of weight and even some
dathemng of the sk can falsely suggest adrenal mvolvement A good
cluncal response to chemotherapy may make st dleat that the symptoms
were due solely to rubereuloss but the doubt in some cases can only be
resolved by special myestigations

Permcious Anaemia

Addsson humself was confused itually between the anaemua named
after fum and the chmcal preture of adrenal fadure becasse of the sum-
Janaty of the symptoms and the cafe au lat tint of the skin in permcious
anaemta Hacmatological iy esigavion solves the problem

Panliygoptittaris

The presence of pigmentanon distinguishes primary frow secondary
adrena) Tadure Body hair 15 sparse m women with Adduson s duease
Lt 15 not absent a5 15 wsual in panhypopitustansm
Gasteo-Tstestinial Dusturbarces

Yy the abd 1 symptorms of Adduon s discase together

wath browning of the shin grve @ superfical resemblance to o
gzll bladder disease In an Addusomuan crss the fecurrens vominng
Aurrhoes and sbdomunal pan closely simufate acute gastro-enterstis
but the cardimal pomt of duffetence 15 the presence of unnary chlondes
despie obvious dehydraton and body chlonde deplenon  The abdomunal
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pain and ngidity 1n 2 ensis can minuc an acute abdonunal condition such
as a perforated peptic ulcer and pentontis

No one test 1s duagnostic of adrenal fallure  The climeal pieture 1s of
greater 1mp than speaal fie which require the correla-
tion of vanous results before mterpretation.

Provocation of an Addisoman cnsis by depriving the patient of sale
should never be considered because 1t 15 likely that the patent will not
survive to hear that the duagnosis has been made  Despite the physiologieal
mportance of the electrolyte disturbance scrum sodium and porassium
concentrations remamn wathm normal linues unless the patient 15 1n 2
severe cnss - A small fall i serum sodium and nise 1 serum potassium
may become apparent by deter of the sodum/p ratio of
theserum A fusther attempt to analyse the electrolyte disturbance 1s the
Kepler test which measures the diress of chlonde retention of urea and
fatlure of water ehmmnation that occurs i adrenal fadure  An analyais of
thus test mn the Appendux will indicate that there are several limiations to
1ts duagnostic value

The avalabihty of ACTH has made 1t possible to test the adrenal
zesporse to this hormone 2 procedure which 1s safe and of great value 1n
diagnosis There 15 some doubt as to the best index of adrenal response
and the necessary duration of A C TH stimulation The drop i circu-
laung cosmophuls four hours after one mjecnion of ACTH has been
widely used but 15 not fully rehable  More prolonged sumulation etther
by slow mtravenous infusion or an intramuscular mjection of long-acting
A CTH-gels preferable the adrenal response bemng measured mn terms
of Blaod cortcords or thesr unnary metabolites  Such methods are com-
plicated from the laboratory pomt of view but of considerable value
Fatlure to elicit adequate adrenal response 15 a clear mdicatton of primary
adrenocortical farlure

‘TREATMENT

The phases of treatment are dvisible 1nto measures to overcome an
Addssoman crisis those for mamtenance therapy and those designed to
prevent the onset of cnsis

The number of therapeutic weapons 1s mereasing but the newer
sterosd compounds are very similar 1 2cuon to those readily avalable
All types of rely on the foll
(1) Adeguate Sodum Chloride

Avalable for oral use 1 addinon to detary salt or for mtravenous
mfuston

g prep
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(2) Agueons Adrenal Extracts

These are mawly muneralocorticord 1n activaty but lack the potency
of pure sterord preparations and are deficient i ghucocorticord actrvity
They are given by far or Al
(3) Deoxyorticosterone Acetate (DO C A)

Thus 15 3 potent synthete mmeralocorticord which does not form part
of adeenocorneal secrenon. Large doses will camse excessne sodmm
retennion, ocdema and hypertension  Many preparations are avadable
for daly far 1y n, ympl. as pellets and 15 the
tmethylacetate which gives long term action from one mtramuscular
njechion
(4) Cortisone Aietate

Thus 13 of great importance as 2 glucocorncoid and for the effect ehas
mcteasmg the panent s to stress Its locorticod acavity
1s very low It may be given as a daly meramuscular myection but has
the great advantage of bemg more rapidly actve on oral admumstranon
m tablet form.

{(s) Hydrocortisone

Tts acuon 15 sumlar to corusone and 15 also potent on oral admmsira-
non. It 15 available 1 alcoholic solunon for wiravenous myecuon. By
thes route 1ts action 1s 1mmediate but its destruction s very rapid, necessia
tng a costnuous slow mfusion.

TREATMENT OF Appisonian Crrsts

This dangerous emergency requires the best nursing care adequate
replacement of flnd and electrolyte loss correct admumnsstranon of gluco-
and locorconds and supp of any mfectve process

The basic nursing mstructions can be summanzed as

Lay the panent flat and keep hum well covered  Prevent any exernon
by antiespating the panient s nieeds, remembenng the danger of mhaled
vomut. Never disturb the pavent sanecessanly record the blood pressure
and pulse every fifteen nunutes and the temperarure every half hour

Vomung precludes flud replacement by mouth and necessitates
antras enous mfuson cuttng down on 2 vein is to be deplored as patent
setns are of mesmable valve to the panent s future Normal safine 13 the
correct flwd for imnal replacement of sodwm and water loss but s 15
difficu)r 1o Judge the amount required. The degree of prostranon and
arculatory collzpse 35 not directly related to the amount of efectrolyte
deplenon and usually suggests 2 far greater clectrolyte disturbance than 13
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the case Furthermore 1¢ 15 extremely casy to overload the arculation so
that the speed of infuston must be slow and the amount mfused kept to 2
rummum In practice one to two htres of normal saline suffices 1 the
great majonity of cases mamtenance of electrolyte balance then depends
on the slow mfusion of 1/5 normal saline with 4 per cent dextrose to
offset the possibihity of hypoglycaerma.

Injection mto the tube of the infusion apparatus provides a quick and
casy method of b d Sale g ds may be
provided by 10-.0c ¢ of aqueous adrenal extract mjected mn this manner
the dose betng repeated every 4-6 hours while the infusion continues

However adrenal extracts have been almose superseded by the mntro-
ducuon of pure glucocorncords which have greatly enhanced the ffi-
aency of treatment and should be used m all cases  An imitial mtravenous
mjectzon of 50 mg hydrocarusone (prepared 1 alcohole soluton for
this route) may be suffictent m 1eself. but can be renforced by meroducng
hydrocortisone into the bottle of mfusion fluid 1n a concentration that wll
deliver 10 mg per hour into the vem As an altermative cortisone acetate
100 mg stramuscularly given at the outset will provide adequate gluco-
cortrcord actaty for mulder cases the injection being repeated every exght
hours with gradual reduction of the dose to so mg However s speed
of action 15 relatively slow and 1t does not supplant the mtal mtravenous
dose of hydrocortisone which 1s necessary for quick action 1n the more
severe cases  Deoxycortcosterone (D O C ) 15 not required m the treat-
ment of cnsis mndeed 1t has defimte dangers 1n terms of excess sodum
retention giving nise to heart failure

Ifany source of mfection 1s discovered as the preaipitanng factor of the
cnsis then appropnate chemotherapy should be statted at once In the
absence of any obvious mfection prophylactic pemathn should be admni-
stered as a routne It must be remembered that trearment wath glucose
salute and mineralocorticords alone may be assoctated with considerable
pyrexia of metabolic rather than mfective ongin However this phenom-

enon does not occur if adequate glucocorticord hormones have been
given

THERAPY FOR TOTAL ADRENALECTOMY
The regime for total removal of normally functioning adrenals 15 not
pplicable to the op of Cushing s syndrome the spectal
problems of which are discussed 1n a later section (see page 105)
Corusone alone provides a satsfactory replacement therapy over the
ume of op because post-op salt retention will take place m
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the absence of strong muncralocorticonds  Oral dosage 15 cbviowsly un
sansfactory under the cond; of op and the first d
dose must be given some time prior to adrenalectomy as absorption 1
slow  Satsfactory results are obtamed with cortisone acetate 40-50 mg
myected twice daily starting three days prior to operation and contnung
untl the fourth or fifth post-operave day There 13 no need to nerease
this dose on the day of operanon at the end of the course oral cortisone
25 mg twice daly should be started

Electrolyte balance 15 controlled most casily by giving a constant mtake
of NaCl 8-10 grams per day Prior to operation this amount will be
present in the panent s dtet but may have to be added to the food if only
a hight dict 15 tolerated Directlv afier operation, saline given mtrz-
venously will provide the correct amount of sodiim  As the dady require-
ments of water ate 2000 t0 2500 ml  the correct volume of flurd admum-
stered antravenously and the cotrect NaCl mtake has to be adjusted by
varymg the proportions of normal saline 1/5 normal saline wath 4 per cent
dextrose and § per cent dextrose without saline

No other therapy 1 required as a routme but a supply of nor-adeenalin
and hydrocornsone must be avalable for emergency dunng the first
36 hours after operanon Hypotension dunng this penod usually responds
to methednne s-15 mg given mtramuscularly or meravenonsly but 1t
persists nor-adrenalin 4 mg per hitze of flud 15 gaven as a continuous intra~
venous mfusion 50 mg of mtravenous hvdrocortisone should be given
of the panent s general condiion becomes very poor However the ade-
quate pre-operative dosage of cormsone makes the possibiiry of post
operanve cnsis remote

MAINTENANCE THERAFY

This apphies to all cases where crisis has been treated sansfactonly and
1o those whose symptoms do not warrant a more acuve form of thetapy

The evolution of treatment for chromc adrenal insufficiency has passed
through the stages of hugh salt diets and aqgucous adrenal extracts to
various prep of the synthetie deoxy and finally to
their combmation with cortisone  Further advances are hikely m the field
of synthenc sterord chemustry to provide one steord with adequate sale-
retamung and glucocorucoid actaty At the moment correct therapy
may be attamed by mutal treatment with D O C A adding cortisone as
required at a Jater date or by mna} admmnsstration of cortisone adding
DOCA if clecrolyte balance 1s not r‘nzmt:unsd. o o

asa

DOCA forlong-t s ploy );
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below the skin of the abdomen and designed to exert suffiaent actvity
for six months  Before implantation 15 considered the patient s clectro-
Iyte balanee must have been brought to normal levels by daily intra-
muscular mjections of DO C A assocated with a constant salt intake
which 13 casty obtamed by adding 3-4 grams of NaCl to a normal di=t
The wsual requrements of DOCA gven dady by nteamuscular
myection he between 2-5 mg The correct dose depends on restoration of
weight alleviation of hypotension and avordance of oedema as well as
normal serum electrolyte concentrations The mjections should be con-
tnued for at least three weeks 1f mustakes 1w the size of the eventual
mplants are to be avorded  As a general guide 100 mg of DOCA
by mplantation 15 needed for every 1 mg required on duly injection.
Thus scheme 1s more likely to over-estmate the size of implant so that it 1s
wise to sct an upper hmt of 400 mg of D O C A for any implantation

Intramuseular DO C A should be continued i decreasing dosage for
the first few days after implantation 1€ thus implant proses exeessive as
Judged by oedema and hypertenston, the patient must cease to take the
addiwonal salt In bnef the 1mmal dose of DO C A 15 determuned with
a constant salt intake but after implantation the dose of hormone 1s con-~
stantand the salt mtake may be vaned, It 1s foolsh to wait unnl signs of
adrenal falure secur before considering re-implantation far better to re~
new the implant every six or seven months

An alternative method of depot therapy 1s provided by the cystalline

P of deoxyc trimethyl given by decp
mtramuscular mjection. One mnjection lasts 3-4 weeks 25 mg beng
roughly equivalent to 1 mg of the ordinary DOCA administered
daly A new 1 oid Fluorohyd may supersed
thus as at wall control electrolyte balance m an oral dose of 025 to 10
mg daily

Restoration of clectrolyte balance seldom frees the patient of all his
symptoms Capaaty for manual work and resistance to fangue remain
dimimshed  For thus the oral admmistrations of cortisone 12 5 to 25 mg
per day 1s requared

Cortisone s the sole ! d d requires add 1 salt
1n the diet 1f sodium balance 1s to be mamtaned  An oral dose of cortisone
acetate 12 § mg twice or three tunes a day together with NaCl 39
grams added to a normal diet 15 an extremely efficient form of treatment
Only a few cases will requite D O C A as well The disadvantages of oral
cortisone 15 apparent immedsately the patient voruts an event which
demands a swift change to the mtramuscular route
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Cortisone m dle dasagc r:(]ulrcd fof rcphccmcnt (hcl'iPy does not
adverscly affect tuberculosis and the hormone can be used with safety m
cases of tuberculous Addson s disease

At all wmes the patient with chromc adrenal falure 15 m danger of 2
cnsis despite the most adequate mamtenance therapy  Trauma mfécton
or even extreme exeruon are the common occasions of severe adrenal
msuffiaency which must be avorded 1f possible or treated smmediately
with an creased dose of cortisone  An additional 100 mg  of cortisone
mtramuscularly 15 2 good precautionary dose The avoudance of crsis
requires constant unobtrusive medical supervision which does not alarm
the patient but mnvites hts co-operation

Adrenocortical Hyperfunction
The adrenal cortex may secrete an excesstve quanuty of its normal
secretion or an excess of one hormone The accompanymg anatomucal
changes may be exther tumour formation bemugn or malignant or bilateral
cortical hyperplasia 1t 15 generally accepted that secreting tumouss are
autonomovs sn function and that hyperplastic adrenals are stmulated by
the anterior pitustary s secretion of ACTH As tumours produce

dusturbances of function sumlar to those of hyperplastic adrenals a classfi
fexeed to one based on

caton of syndromes ding to physiology 15 p
hustology
(x) Excessive Glucocorticord Secretion

Cushing s syndrome

(also induced by admunstration of excess A C T H and mumicked by
excessive cortisone therapy)

(2) Excessive sex hormane secretion
(a) Androgens
(1) Vinhsm in females
(~) Precoctous pseudopuberty m boys
(6} Oestrogens
Fermmzing tumours 1 males
{3) Excesse mineralocorticord production
(Primary aldosteromsm)
Cushing s syndrome 1n which the effects of glucocorticords predomt-
nate 15 the chmical example of an excessive adrenal secretion of normal
constitution  Hence this syndrome cart be mnduced by adminstering

large amounts of ACTH The other syndromes listed are examples of
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excessve production of one type of hormone  Adrenal vinlism 1 not

uncommon but femmuzation of the male 1s extremely rare and always

due to tumour formation  Primary aldosteronsm 15 a newly discovered
P

ynd. and 1ts frequency cannot be assessed as yet

Cushing s Syndrome
The eponym 1s retamed because there 15 no prease physological term
to indicate the diagnosts The name 15 applied to the clinical condion
as described by Cushing but does not ndicate an acceptance of hus views
on the aetology of the condition

PatnorocicAL PrysiorocY

The chimcal syndrome as described by Cushing was thought to be 2
plunglandular disease until the :dentical chimeal picture was produced by
the prolonged admimstration of excessive doses of ACTH to patients
vthoutadrenal disease The k of hrydr and
to the disturbance became obvious when the identical syndrome developed
after lugh dosage of these substances and raised levels of 17 hydroxycorn-
cords were found 1n cases of spontancous Cushing s syndrome

In physiological terms Cushing s syndrome 1s due to an excessive
secretion of the normal hormone from the adrenal cortex Some cases
are assoaated wath tumours of the adrenal but the majority occur wath
bilateral hyperplasia of the adrenal cortex probably due to an increased
output of adrenocorncotrophin from the antenor piturtary  The clinical
evidence for ncreased prtuttary function m these cases 15 based pnmanly
on the fact that adrenocortical hyperfunction 1s reduced by mhibiting the
pitustary  Cushing s onginal Iustologseal findings of small basophil
tumours n the pituitary dsd not as he thought prove the pirutary ongm
of the disturbance because such tumours are not present in all cases of the
syadrome and are a common autopsy finding 1n the absence of endocrme
disturbance  However one hustological feature of the pitwtary whuch 1s
common to 2ll cases ncluding those with an adrenal tumour 15 hyalniza-
nonof the basophul cclls Thus hyalime change described by Crooke 1snot
present 1n all the cells but the number of cells v olved 1 roughly pro-
portionate to the activity of the endocrine disturbance  The significance
of the change has been hotly debated but 1t has recently been desenbed 1
pattents treated with cortisone and A C TH  The consensus of opimon 1s
that hyahnization of the basophuls does not indicate mcreased pitutary
funcnon but 15 due to a hugh level of arculating glucocorticoids
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Cortisone 1 the dosage required for replacement therapy does not
adversely affect tuberculosis and the hormone can be used with safety m
cases of tuberculous Addison s disease

At all times the patient with chronic adrenal fatlure 15 1 danger of 2
cnsts despite the most adequate mamtenance therapy Trauma infection
or even extreme exertion are the common occastons of severe adrenal
msufficiency which must be avoided 1f possible or treated 1mmediately
with an ncreased dose of cortisone  An addtional 100 mg of cortisone
mt larly 15 2 good p y dose  The avoidance of cnsis
requires constant unobtrustve medical supervision which does not alarm
the patient but mvites hs co-operation

Adrenocortical Hyperfunction

The adrenal cortex may secrete an excessive quanuty of its normal
secretion or an excess of one hormone The accompanying anatomical
changes may be exther tumour formation bentgn or mahgnant or bilateral
cortical hyperplasia 1t 15 generally accepted that secreting tumours are
autonomous 1n function and that hy perplastic adrenals are stumulated by
the anterior pitmtary s sccretion of ACTH As tumours produce
dusturbances of function sumular to those of hyperplastic adrenals a classifi-
cation of syndromes according to physiology 15 preferred to one based on
hustology

(1) Excessve Glucocorticord Secretion

Cushing s syndrome
(also induced by admumsstration of excess A C T H and numicked by

excessive cortisone therapy)

() Evxcessive sex hormone secretion

(2) Androgens

(1) Virthsm i females
(2) Precocious pseudopuberty m boys
(b) Oestrogens
Ferinmzing tumours m males
(3) Excessive muneralocorticord production

(Primary aldosteronsm)

Cushing s syndrome 1n which the effects of glucocorncords predom-
nate 15 the chnical example of an excessive adrenal secretton of normal
constitution  Hence thus syndrome can be mduced by admunistening
large amounts of ACTH The other syndromes hsted are examples of
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ont of proportion to the degree of fatty distention They are 2 dull
purple colour similar to the face covenng the body with broad Lvid
stnpes The texture of the skin on the trunk particularly over the back
1s roughened with hyperkeratosss and some mncrease of coarse short har
Profuse and odorous sweating affects the aallac and other pasts of the
body The face 15 unduly greasy and the scalp hair lustreless and often

€1

The vid discolouration and plethone appearance of the pattent 15
seldom associated with significant polycythacmua but 15 due to capillary
dilation and stasis It 15 remmscent of the Aush that suffuses the previously
chalk white face of the patent with panhypoprtmitansm who 15 given
large amounts of cortisone The penipheral vascular stasis 15 often com-
plicated by mdolent cellulnis persistent fungus mfectron of the feet and
hrombophlebius with the app of ulcers on the lower Jeg  Pur-
pura and spontaneous ecchymoses are further evidence of connectrve
tissue disturbance which 15 also allustrated by the fadure of skin healing
and geanulation after wyury

In women both acne and facial harsutes ate seen This does not neces-
sanly mndicate an ncreased adrenal secretion of androgens as the skin
reaction to hydrocortisone vanes with age Thus acne 15 common mn
adolescents with Cushing s syndrome and facual hirsutes mamly seen i
menopausal cases However the adrenal secretion may contan an
ncreased proportion of androgen which gives mse to amenorrhoea,
male type body harr and may offset the charactenstic muscle wasting
and weakness of excessive hydrocortisone

‘The locomotor system 15 affected both m muscle and 1n bone Wastng
and weakness of muscles with increased fatigue 15 common  Muscle tone
1s duminished  The skeleton 15 osteoporotic mainly mn the spme and
spontaneous fractures of nbs or vertebrae are not uncommon

Hypertension 15 an important sign because the course of the disease 15
often domunated by this disturbance leadimg to death n hypertensive
heart faldure or from renal taure The elevation of the blood pressure
gradually increases and mall hyp with papill
albuminuna can eccur

Electrolyte disturbances are seldom obvious but may contnbutc to
muscle weakness and hyp The bloated app e of the patient
with the skan indented by tight clothing suggests some water retention
but demonstrable pitting oedema 1s rare m the absence of heart fatlure
Serum sodium concentranon 1 at the upper lumt of normality but the
serum p 15 often at 1y low d with a rased serum
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Although the physiclogical basis of Cushings syndrome can be
asenbed to adrenocortical hyperfunction the anatormical lesions are of
umportance in terms of treatment and prognosis Tumours of the adrenal
cortex associated with the syndrome are usually bentgn adenomas but
may be maly with widespread It 18 important to
remember that the adrenal on the opposite side to the tumour s alsmost
mvamably atrophic and functionless leading to severe but temporary
adrenal msufficency after surgical removal of the umour In rar
mstances Cushing s syndrome 15 assoctated with a neoplasm of the
pitwtary which causes expansion and eroston of the sefla turcica  Such
tumours are not composed solely of basophil cells but contan manv
chromophobe cells or even aadophuls Tn the fatter case acromegaly »
associated with adrenal hyperfimetion  Lastly ncoplasms of the thymus
and bronchus have been reported i Cushing s syndrome but they are
assoctated [esions and are not concerned wath the acnology of the disease

CunicAr Pretyurs

Cushing s syndrome 15 a rare condinon usually occurnng between the
ages of 20to 40 years It1s seen 1 chuldhood when it 1s almost savanably
assocrated with an adrenal tumour In adult cases about one 1 four have
an adrenal tumonr Women are affected twice as commonly as men
The onset 15 not quently with pregnancy but may anse 12
late puberty or occasionally at the menopause

The fully developed syndrome presents snch a stnking appearance
that the duagnosis 1s revealed immediately With some truth st has been
called Humpty-Dumpty disease describing the typical habitus  Obesicy
15 an important feature not 1 ats degree which 15 usually moderate
but ints distnbution The face 15 grossly fat with a marked plethora the
bulging checks give a rotund contour often deseribed as moon-faced
and the mouth pouts ike a sunfish  The trunk 1s also obese with an
accentuation of adipose tissue 1 the abdomnal wall and a pad of fat over
the upper thoraac vertebra the buffalo hump Tn contrast to the face
which gves the impression of enormous weight gan the hmbs are thu
wth muscle wasting  Seen mn profile the panent has a fat face a rounded
back from kyphosis as well as an upper thoracic pad of fat a protuberant
abdomen and spmdly legs

The sken 13 affeered in several wavs  The plethora of the face s matched
by purple discolouration of the lower leg The trunk 1s disfigured by
struae distensae over the axillae buttocks abdomen and upper thighs
These strae arc remarkable for their great length and breadth which 1s
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Duagrosis

The dugnoss 15 sull made on climcal grounds the physical signs and
their emergence 1 a composite picture being more important than any
brochemucal test. The identificanion of the disorder of function must be
followed by the discovery of the anatomical lesion

Cushing s syndrome 15 rare but a number of patients present one or
more features rather reminsscent of the condion  Fat adolescent guls
with acne irregular menstruation and a few narrow punk stnae on the
abdomen suggest adrenal hyperfunction but the habutus 15 not sumiar to
Cushing s syndrome and a balanced reduang diet alters the guls
contours and leads to 2 change 1 the complewon. At the menopause
some facal hursutes or red face obesity and mild dubetes wich or
without hypertension 15 not uncommon  But these features seldom anse
together and are not progressive However there are some patients with
the sigma of Cushing ssynd hout gross ldisturbance
thus may be termed bengn transtent hyperfuncon of the adrenal cortex
because the condinon setcles spontaneously The only way to make this
diagnosis 15 to observe the patient carefully over a pertod of months
unul the condinon has disappeared as compared to the prog of
Cushing s synd Ashyp 1550 tmp 1n the develop
of Cushmg s syndrome seral records of blood pressure are a necessity
all panents

Atds to diagnosts mclude a glucose tolerance test and determmation of

serum sodium  potasstum and bicarbonate  The typreal disturbance of
Cushmg s synd. 15 imparred carbohyd 1 with a lowered
serum potasstam and a rassed brcarbonate  X-ray of spme and ribs 15
required to detect osteoporosis or spontancous fractures Available
methods of sterosd are 2 derable help 1n d:

the activity of the adrenal cortex at the ume of exammaton, but must
always be considered m terms of the chmcal preture and are not diag-
nostic in themselves  The unnary excretion of 17 ketosterods reflects the
androgen sectetion of the adrenal and 1s therefore not an aid to diagnosis

17 hydroxycorticords 1n blood or urme and 17 ketogense sterouds 1
unne are creased being of dragnostic 1mportance 1n that they reflect
adrenal glucocorticaid producnon.

The d of the 1 leston 15 2 ! problem
An Xeray of skull should be a routme procedure to exclude the rare case
with 2 large adenoma of pitmitary  The presence or sbsence of an adrenal
sumour 18 shown best by outhmng the adrenals with arr mtroduced by the
presacral route Thas teck mmay be comb: at] \ of

g

dsol
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brcarbanate and lowered serum chlonde This hypokalemse alkelosss
can be corrected by the admanustration of potassium salts

Impaired glucose tolerance 15 the rule sometmes with a nuld mnsubin
resistant dubetes  There 15 seldom any tendency for thi, dibetes to
proceed to hetosis The presence of diabetes adds to the nsks of sk
wfections and vulvitis

Loss of libido 1 common to both sexes rregular menstruation some-
tunes with menorrhagia s followed by amenorrhoea  Although -
creased facual hatr and loss of scalp hair suggests vinbsm there 1 no
enfargement of the clitons and no atraphy of the lower gerutal tract

Some degree of mental disturbance 15 common  Frank psychosts 1s not
mfrequent and 1ndeed may d the problems of The
reason for thus 15 obscure but stmilar psychotic episodes have been nioted
1n patients treated with A C TH or corusone

Some of the rather bizarre phvsical igns of Cushing s syndrome can be
linked together on the basis of the protemn catabobe acton of corsone
Perhaps thus 15 ] d best by the of growth and consequent
dwarfism m children suffering, from thus disease  The accompanying
table sllustrates the effect of mereased protem breakdown on the chmcal
picture

Protein catabolim wncreased———>- Stunting of grawth

Gl skel O

i
Excosglucose \ Musde—Wastig
at Skin—Wnde striae

Inereaded storage as
Dusbetes mellitas

Naturar HisTORY

Changing appearance and mereasing weight may fead the patent to
seck medieal advice Backache and fangue rogether with physieal weak-
ness are symptoms that progress gradually but may be the presenting
feature 1t 13 rare for thurst and polyuna to be severe enough for the
panient to complain. about them  On the other hand headaches asso-
cuated wath hypertenston, can be the mam complame  On the whole 2
general feeling of sllness and lethargy accompantes the change 1 appeat-
ance and leads 1o 2 wisit to the doctor

The prognoss i the untreated disease 15 poor death occurnng from
Ty pertension infection or severe psychosis withm five years of the onset
However afew panents partcularly young men develop a mld form of

the disease with spontancous remission
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followed by resection of the opposite adrenal and the atrophie gland
will be left alone as 1t ndscates the presence of a tumour in the opposite
adrenal  An antertor transpenttoneal approach allows the mspection of
both adrenals after one masion but subsequent adrenalectomy entatls a
formudable amount of dissection

Medical preparation for adrenalectomy 15 all important ~ Correction
of p det y ad g P salts orally and a hugh
protem diet are essential IF diabetes mellitus 15 present the admmstranon
of msulin wll be an aid to protein anabohsm The abrupt fall in airculat-
mg corticords from an abnormally high level has to be prevented by the
admunsstration of cortisone m large doses 100 mg of cortisone acetate
1m should be given twice daily for the two days prior to operatton On
the day of operation 200 mg of costisone twice daily 15 required and a
supply of hydrocornsone for mtravenous nfuston made ready for mnme-
duate use 1n case the patrent s cond. ddenly deteriorates  Followmg
operation the dosage of cortisone 1s reduced each day until 1t 15 stopped
about the third post-operatrve week. A gradual progressive dimmution
m dose 15 essential I the remarming adrenal tissue fadds to function at ths
tme adrenal msufficiency 1s heralded by extreme anorewa lethargy
and vague aches all over the body Demonstrable electrolyte changes are
rare and hypotension 15 not an mnvanable sign ‘These symproms require
an smmeduate resumption of cortisone therapy to be accompanted by the
wjection of ACTH (so mg daly of a long actng preparation) to
sumulate the remamning adrenal tisue It must be remembered that
extreme atrophy of the adrenal on the opposite side to a tumour which has
caused Cushing s synd may result m prolonged adrenal insuffi 4

occastonally lasting for months after removal of the tumour The long

gmg term therapy after total adrenalectomy 15 stmular to that for Addison s
15ease

Excessive Androgen Production
CONGENMITAL ADRENAL HYPERPLASIA WITH ANDROGENIC ExCEss
This syndrome 15 often described as two separate entities female
adrenal pseudohermaphroditism and male adrenal precocious pseudo-
puberty The difference lies only n the type of sex development induced
m etther genetic sex but the actiology of the condinion 15 common
to both sexes

ParHorociear Prysiorocy

The disturbance 15 congenutal and famulial The condition 15 far more

common n females than 1 males (four female to one male case) bue
u
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the kudneys by nous or de pyelography Such mvesuga-
t10ns are tncomfortable to the patientand the results arc equivocal i many
cases  Some surgeons prefer a straght Xeray of abdomen which may
reveal a tumour followed by exploratory laparotomy In that the
treatment of Cushung s syndrome ss now based on bilateral subtotal
adrenalectomy for the eases with hyperphisuc adrenals there 1s much to
recommend this direct approach as a decision to operate on the adrenals
depends on the seventy of the discase and not solely on the presence of
an adrenal tumour

TREATMENT

The presence of an adrenal tumour 15 an absolute indseanion for opera-
tive removal In other cases pinutary activary can be suppressed by deep
X-rav therapy or radon seed wmpl. or adrenal hyp
curbed by resecting these glands

The long termresults of prtustary supg have proved disappomting
Radon seed implantation mto the piutary 1s not without danger and has
Ii tle to recommend 1t Deep X-ray therapy prowided itismot repeated
without regard to racionecrons of the bram 1sasafeandreasonable formof
treatment for mulder cases when the major operation of adrenalectomy
15 considered to be unwarranted

Subtotal adrenalectomy 15 undoubtedly the treatment of choice m al
cases where the dusturbance of function 15 likely to threaten Lfe  The
adrenals must be considered as one functional unit the am as m thy~
rordectomy for thvrotoxicoss 1s to cut down the amount of funcuoning
tissue by 8 to 9 tenths  Consequent] fateral adrenall 15 not
sufficient to control the disease but if the patient s general condtton 15
poor removal of one adrenal can be follow ed at a later date by resection
of the other If the remamnmg adrenal tissue 1s not vaable the patent s
left in a rotally adrenalectomuzed state However very small surviving
adrensl remnants 1 patents under -5 years old mv hypertrophy and
cause 2 relapse of Cushing s syndrome, such a narrow margin between
adrenal wsufficiency and relapse makes total adrenalectomy advisable
Older patients are less hikely to relapse so 20 per cent of one adrenal
should be preserved

The lumbar route 15 to be preferred for exploration of the adrenals
In the absence of positive radiological evidence of a tumour there 1
nothing to guide the surgeon 1n hus choree of which side to explore first
Evpasure of the adrenal will reveal a tumour a hypcryhsu;: gldznd, or :;\

atrophied one A tumour wall be r d a hyperplastc glan
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onto 1t or the vagina and urethra have separate onfices m the normat
female manner

Vinl proceeds throughout childhood The clitors
1ts growth and 1s often erectule  Pubic hair then axillary hair appears
about the age of 5 years Later at about 8-12 years of age acne and facal
Tursutes appear The growth of face hair becomes so strong that frequent
shaving 1s required and hate grows luxunantly over the chest and ltmbs
Recession of the frontal scalp hair can proceed later to a male type bald-
ness The pubic har grow s upwards to the umbilicus  The breasts remamn
undeveloped and amenorrhoes 1s the rule  Very occasionally a uterme
bleed occurs presumably because the adrenal 15 secreung a quantity of
oestzogen as well as androgen

In some cases the enlargement of clitorts 15 of a lesser degree which
escapes notice m mfancy and the appearance of body harr at the age of
4 to 6 years 1s the first observed sign of sex disorder These patients
present a problem m diagnosis which lies between an acquired vinlbism
and the congemtal type

The Male Child No abnormalittes are seen at birth or n early mnfancy
Between the ages of 2 to 5 years the pens begns to enlarge and gradually
develops to the size of the adule organ. At the same tme pubic har
appears followed by general body hair growth and acne It 1s important
to note that the growth of the pems the scrotum and the male body hair
1s not accompanted by testicular enlargy these glands
mfannle in size

(b) Somatic Effects of Androgen

Increased somatc growth 15 evident from late mfancy  The muscle
bulk 15 mcreased and of male type the female chuld has the general body
contours of the adolescent boy and the male has been compared to an
fant Hercules

Skeletal growth 15 accelerated 1 both sexes Grrls develop broad
shoulders and narrow hips  Centres of osufication appear prematurely
and long bone growth 15 excessively rapid the child becomung taller than
hus ot her poraries However epiphyseal closuress even more rapid
than the upward growth all epiplyses close by the age of 14 years so that
growth s arrested Hence m late adolescence and adult Lfe the patient 1s
of abnormally short stature wth rehanvely short hmbs occanonally so
short as to suggest achondroplasia
() Adrenal Insufficrency

Climeal evidence of adrenal falure m terms of gluco- and mumeralo-

-3
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brother and sister may be affected The genesss of the condion appears
10 be an mborn error of adrenal metabolsm by which the gland 15 meap-
able of normal synthesis of Car steroids with metabolic actvity  As this
part of hormone synthesis 15 dependent on adrenal enzymes the most
likely geneuc abnormality 15 the absence of an enzyme system  The
consequence of impared hydrocortisone production 1 an alteration m
the normal feed-back mechansm by which the level of arculatng
glucocorticoids determines pitwtary actuwity  allowing an excessive
secretion of adrenocorticottophin This causes bilateral adrenal hyper-
plasiaandan excessive amount of Crg and Ca1 hormone precursorsdenved
from cholesterol  The Crg steronds are androgemc causmg the early
development of male charactenstics m both sexes and a rassed level of
17 ketosterond excrenion  Soon after birth the child will exther die from
the defictency of corticords or the sumulus of A CTH wall provide
enough Ca1 precursors for some type of metabolically active hormone to
be formed by an alternative pathway of synthesss In those who surewve
without chnucal evidence of adrenal falure the essential biochemcal
Iesion can be demonstrated by the abnormal response tomyected A CTH
1t 15 apparent that gross vinhzation of the female and sexual precoaty
the male are mevitable side effects of the attempt to produce sufficent
corticosterords to preserve hfe The condinon should ot be constdered
as a prumary dusorder of sex hormones but as an mbom error of meta-
bolism 1n which the pitutary~adrenal mechanism 15 over-sumulated to
for adrenal msufficiency

]

Cuntear Prerure

This depends on the develop of sex cb 1stics nfl d by
androgen the effects of androgen on somatic growth and wmsufficency
of other adrenal harmones

(a) Sex Effects

‘The Female Clild The degree to which the gemtalia are deform.d
towards 2 male patter depends on the stage of embryomec hfe at which
androgen secretion starts  The majoraty of cases are affected between the
2th and .oth week of gestanon wth arsest of female development before
the urogental suus 1 fully dffe d At barth the external gentala
symulate those of the male hence the term pseudohermaphrodite The
clitors 3s greatly enlasged and often mstaken for a pents 2 natrow vagma
communicates with the urethra to form a cloaca’ More rarcly witha
Later onset of virthzation the vagina 1s larger although the urethra opens
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the most usefal diagnosnc test as the normal 17 ketostesord excretion of the
child 15 almost ml

‘TREATMENT

Cormsone will rasse the level of arculatng glucocorticords dummnish
the secretion of A CTH and suppress the excessive output of ad enal
androgen. Thus the progressiie vinlization of the female hermaphro-
dite can be arrested and normal ferumne development will take place
In male patents corasone will halt the progress of sexual precocsty

For infants an oral dose of cortisone 12 5 mg to 25 mg datly {or 25 mg
1m twice or thrice weekly) 1s an adequate dose but older chiddren and
adults require from .5 mg to 75 mg dady by mouth {or 100 mg 1m
twice or thrice weekly) Patents with Addisonran symptoms sequire a
high salt diet ;n addiwon to cortisone A reduction of 17 ketosterord
excretion to normal levels s a good index of effective treatment.

The results of corusone therapy are excellent provided the treatment
1s conunued mdefinitely There 15 no mndicanon for adrenalectomy
which 15 a dangerous operation 1n these panents who are so hable to
death 1n Addisontan crsis

ACQUIRED ADRENAL VIRILISM

The adrenal cortex may produce excess androgens at any time of hfe
Thas 15 an acquired lesion without evidence of wsuffiaent production of
other bormones  As m Cushing s syndrome  the anatonucal lesion may
be a tumour or bilateral adrenal hyperplasta.

Growth of factal hatr and an mcrease 1 body harr especrally of the
pubtc hair whach extends upwards to the umbilicus 15 associated with 2
thinmng of the scalp harr which can progress to frontal baldness The
clitons enlarges the voice deepens and oligomenorrhoca 1s followed by
amenorrhoea If the pattent 1s still immature the somatic growth effct
of androgen 15 apparent from early fusing of the epiphyses and the mascu-
Iine contour of the body In some patents plethora obestty and even
hypertension suggest a mixed picture of vinhism and Cushing ssyndrome

A tumour may arse at any age the chimcal mamfestanons being pro-
gressive and severe In children vinlization not due to congental adrenal
hyperplasia 15 nearly always caused by a rumour  However the majonty
of patients develop the syndrome towards the end of puberty or 1 early
adult Lfe withont tumour formatiin Avall ages the unmary excretion of
17 ketosterords 15 ransed although there 15 hittle correlanion between the
degree of virllism and the quan..ty of 17 ketosterords exereted Virkizing
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corticonds develops dunng the firse eght weeks of bfe  Faidure to theve
P vomting dehyd; and collapse wath penspheral vascular
falure resemble the Addisonan cusis of the adult The Jowered serum
sodium and raised potassum of adrenocortical failure are found together
with contnued urinary loss of sodsom chlonde Frank hypoglycaem.a 1s
rare but has been described m assocation with episodes of unconsctous
ness sweattng and cyanosss  As an adult cases of adrenal fulure sudden
crsts 1s precipitated by mfection or operative trauma and death may ke
place despite restoration of the electrolyte balance

The proportion of cases which extubit frank adrenal falure 15 uncestain
There appears to be a mulder grade of the disease 1 which the effect of
excessive androgen 15 not app unttl early childhood and symp
of adrenal falure are absent However m some pauents there 15 a past
Iustory of vormting astacks which caused prostration ot some trauma or
nfection induces these symptoms for the first ime - Addisonsan pigmenta
nion 15 found 1n many patients even without other evidence of adrenal
falure Lastly admnstrationof A C T H will chcaran abnormal response
{no salt retention no potasssum diorests and no fall 1 the cosmophs!
count) 1 any ease whether or not adrenal insufficiency has been demon

strated

Dragnosis

In female infants the dufferentsal dragnosis 13 from the vartous forms of
pseudohermaphroditism  both male and female  The anatomy of the
genstalia may be lized by radiography using contrast mediz A
hysterogram reveals 2 uterus and fallopian tubes althongh the exernal
genitaha may resemble the male  The onset of vomitng dehydration
and collapse m an nfant with abnormal genitahia should suggest imme-
dutely the dgnosss of adrenal pscudohermaphrodinsm with adrenal
fatture
Diagniosss at a later stage when 2 young el presents wich signs of
vinlsm  hes between a functonmg adrenal tumaur and congemtal
adrenal hyperplasia Evidencen favour of the latter 15 mackedly mereased
bone age (determued radiologically) the presence of 2 common closca
for urethra and vagima ot a family hustory of genutal abnormality

Male patents present s vifincy wich sympronts of adrenal falure 1
the absence of genital abnormality In childhood the presentation 1s wich
premature development of secondary sex characters without testicular
maturation to be differencated from other causes of sexual precoaty

Tn both cases the urmary excretion of t7ketosteraids 1s rarsed providug
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sde to the tumour 15 not atrophuc and continues to function normally
In consequence there 15 no risk of post-operanve adrenal msufficiency
Even after removal of a tumour the hursutes tends to persist which 152
great disappomtment to the patient In other cases umilateral adrenalec-
tomy has been advocated but the final result s poor because the opposite
adrenal hypertrophies and to secrete drog
bilateral subtotal adrenal y 15 more ful but 2 hazard
operatton for a patient whose health 15 not tmpaired however distressing
her appearance In some mnstances cortisone therapy s as effective a5 1n
congenttal adrenal hyperplasia with excess androgen production. It 15
always worthwhile determunng the effect of cortisone on the 17 keto-
steroid output and contmumng the admmistranion of cortisone if the
17k d excretion 1s d shed

For the multitude of hursute women without evidence of virthzation
endocrinology affers no real hope  Oestrogens are remarkably ineffecuve
on har growth although acne may disappear wath therr use  Cosmenc
methods of depilation should always be employed electrolysis although
time-consuming and pamful gives the best chance of permanent removal
of face hair  Inadentally the pracnee of shaving body or imb hair 1s not
to be despised for there 15 no evidence that this mcreases the rate of hat
growth.

Excessive Oestrogen Production
The adrenal cortex secretes some gen when f g iy
It 15 of mterest that oestrogen may be secreted 1n excess i the presence of
extreme vinllism . but this makes no alteratton mn the clmical picture as the
amount of adrenal androgen 1s so great
A few cases of adrenal tumours with a predomunant secretion of oestro-
gen have been descnibed 1n boys and men. Atrophy of the testes loss of

face harr and considerable development of the breasts form the climeal
picture

Primary Aldosteronism

Very recently 1t has been recogmzed that an adrenal tumour can secrete
aldosterone 1 great excess this hormone bemg the most potent mineralo-
corucoid  Severe potassm deficiency results the patent presenting
with extreme weakness or even paralysis of the muscles  Sodwum reten-
fion 15 not marked but hyperrension 15 usually a feature of the disturbance
The serum p 5 ly low although urmary excretion con-
finues  Attempts to correct the p defi by the ad
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tumours are assoctated with a hgh level of dehydro-1so-androsterone
excretion {2 p-k d on dig precipitation) which 15 not
present af the adrenals are hyperplastic

Dracnosis

There 15 no problem m recogmzing the fully developed syndrome m
wiuch the differentiation between tumour and hyperplasia must be made
by radiography and sterord excretion studies Total ketosterord excre-
tion of over 100 mg daily 15 strongly 1n favour of a tumour without
recourse to the measurement of dehydro-iso-androsterone ountput

It 1s the smnor grades of apparent masculinization that provide the
problem mamly because the patient 1s so distressed by her appearance
that she cannot believe that endocrmology will not provide a magic
answer Idiopathic harsutes involving the face and the body 152 particu-
larly dustressng conditon The hawr growth 15 widespread and not
localized to the sex hair of the body nor 1s 1t assocrated wath thmning of
the scalp hair mndeed the scalp hair often grows luxunantly Fammlal
and racial factors play a Jarge part mn the aettology and there 1s no sugges-
tion of an endocrme disturbance In fact many such women conceive and
bear cldren normally

Another large group of patients develop some male type body har
often with acne but have no menstrual disturbance or enlargement of the
clitons ‘Theur body contours are neuter or male-like rather than female
the condition arses durmg puberty but 15 not progressive (the 17 keto-
sterod output ss just above the upper limit of normality) Such patients
suffer from a constitutional vanation rather than an acquired disease of
adrenal function

Temporary vinlization during puberty or the menopause may be of
adrenal onigm but does not progress as the mitial phystologrcal disturbance
dusappears  Such a condiion 15 easily confused with progressrve vanbsm
but the prospect of natural arrest of the disturbance should curb the
physictan s enthusiasm for radical treatment

Finally excesstve androgen production by the ovary usually from 2
vintlizing tumour mumucs the clintcal signs of adrenal vinhsm A munor
1mcrease 1 17 ketosteroids with marked evidence of virilism 15 suggestive
of an ovanan tumour The pomt cannot be settled unless every case of
virtism has a th gh pelvic ferably under

TMENT

Tﬁ: only sawsfactory form of treatment 15 removal of a virilizng
tumour In contrast to Cushing s syndrome  the adrenal on the opposite




CHAPTER VI
THE PARATHYROIDS

AnAToMY AND PRYSIOLOGY
Tre parathyrod glands usually four m number are embedded m the
connective nssue of the posterolateral aspect of the thyroid, Each gland
1s ovord 1n shape weighing from .o-50 mg  but the size and even the
number of glands 15 vanable and often parathyroid tissue 1s found m the
medustmum. The gland 1s composed of loosely arranged masses of
polyhedzal cells Two cells are recogmized the chuef cell with a Lrge
nucleus and poorly stammg cytoplasm devord of granules and the oxyphil
cell with many eosinophilic granules n the cytoplasm. It1s probable that
the hormone 1s elaborated by the chuef cells

Parathyrord hormone 15 protein 1n natute but has not yet been prepared
m pure form The rate of hormone release does not appear to be under
pituitary control, but 1s governed by the level of arculanng caleum.

A fall m plasma alaum conc mereases b
which 15 dymnished by a nse m calaum
The h plays an 1mp role m the of normal

calctum and phosphorus levels in blood and bone and parathyrord acuvaty
15 affected by any disease which alters the normal equilibnum of these
elements

Extirpation of the parathyroids results m a sharp fall m serum calaum
and a nise 1 phosphorus  These changes are reversed by the admunistra-
non of parathyroid hormone which, if grven m excessive dosage causes
anise 1n calerum above the normal serum concentration and a concomutant
fall m phosphorus

The site of action for the bormone has been debated extensively Some
have claumed that us effect 15 primanly on the kidney inhibiting phos-
phorus re-absorption by the tubules and that all other effects follow
upon the resulting phosphate diuresis Others consider that the hormone
prmanly affects bone causing an mcrease m osteockistic actvaty so that
caletum and phosphorus are released from boze mto the arculation. It s
probable that both schools of thought are correct and that the hormone
lu}s’ urlwc: separate sites of primary action, the osteoclasts and the renal
tul es

3
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tion of potassium appear to fuil because the urinary excretion of potassum
15 50 great  Renal impairment 15 the rule and these cases have probably
been labelled potassium-losing  nephnts i the past At the present
moment the exact chimcal differentiaion of primarv aldosteronssm from a
primary renal leston with potassium loss 15 obscure It should be remern~
bered that potassm deficiency due to hydrocortisone excess 15 found m
Cuslung s syndrome I pamary reral disesse potassum deficrency
assocated with acidoss but m pamary aldosteromstt alkatosss acouts
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shortly as carpopedal spasm  More distressing 15 genesalized tetany 1
whch the whole body musculature 1s serzed by tontc spasm m a convul-
sion often mustaken for eplepsy A dangeraus aspect of this which may
also oceur as a solitary mansfestation 1s laryngeal spasm leading to
asphyva

A tetanic state may be latent without spontaneous mamfestanons
Under these conditions frank tetany can be ehicited by vanous manceuvres
Voluntary overbreathing will often mduce suffictent alkalosis to produce
tetany  Constriction of the arculation by mflating a sphygmomano-
meter cuft on the arm up to above systohe blood pressure will produce
carpopedal spasm within three munutes if latent tetany 1s present (Trous-
seanssign) A more delicate test 15 the producuon of muscular twatching
wn the face (parucularly of the upper lip) by tappmg over the factal nerve
ust below and mn front of the ear (Chostek s sign)

Hypoparathyroidism
A prmary disturbance of function arses exther from destrucase
lesions of the glands or their removal by operation, Secondary dysfunc-
won due to some other disorder mvolving calcrum metabolism may occur
Lastly normal parathyroid function can be assoctated with farlure of the
body to respond to the hormone as mn the very rare cases of psendo-
hypoparathyrordism.

SPONTANEOUS HYPOPARATHYROIDISM

Thss rare condition of uncertain aetiology develops during childhood
n 70 per cent of cases Both sees are equally affected The parathyroids
may be absent from a congemtal anatomic defect or perhaps destroyed
by virus infecthion or hacmorrhage mto the glands

Crmicar PreTure
Tetany 15 present m all cases varymg from painful cramps of the hmbs
Tiod

0 g 1ons The form nature of the latter com-
monly leads to misdiagnosis

A long-standing disturbance of serum calcium not only causes repeated
convulsions but leads to some mental defiency  Electro-encephalo-
graphic abnormaltier are very common, and i some cases papilioedema
ssseen. Why thus should occur 1 obscure but 1t 15 2 musleading sign which
SUgEests a pnmary mtracranual leston rather than hypoparathyroidism

Some stunting of growth 15 usual and the physique s poor A curious
featusess the marked tendency to recurrent fungus infections of mouth and

1
Pliep
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Terany

The essenual chnacal feature of parathyroid exurpation 1 tetany so
that 1t 15 proper to discuss the mechanism which may give nse to this
curtous state of excestive neuromuscular excitability ‘The most tmportant
feature 1n the production of tetany 15 a lowerng of the wnized calaum
concentration in the blood and extracellular flud  About 66 per cent of
calcrum i the blood 1s present i a diffusable 1omzed form the rest bemng
loosely bound to protemn mn a non-diffusable state The amount of tonzed
caletum can be calewfated when the total serum calcrum and plasma protei
are known  Afkalosis prevents normal tomzation of calaum leading to
tetany 1 the presence of a normal total serum calaum or making latent
tetany obvious if t! ¢ calgum content of the blood 1s somewhat reduced
High scrum phosphate concentranions mcrease the seventy of tetany and
magnesium can play an obscure role 1 sts pathogenesis The relation of
tetany to vanons disturbances 15 illustrated 1n the accompanying table

Tyers or TETANY
Serum Concentrations

Disease Ca P cQ, Cl
1 Vit D Defictency [ [ - -
(Ruckets ~ Osteomalacia
Steatorrhoea)
2 Alkalosis - - r A
{Hystenical overbreathing
vonting) (vorniung)
3 Renal Failure - 3 v -
4 Hypoparathyrordism 8 r - -

«Normal }Increased ) Decreased

CuNICAL S16Ns oF TETANY
The excesve nenromuscular excitability 15 manifest by pamn and
paracsthesiae m the lunbs together with twitching of muscle groups
i g 1 3 generalized convulion  Dis af lrmb muscles
are most commonly affected  An onsct with fibnllary twitching rapudly
gives way to a tomic spasm lasning from seconds to a few minutes The
arm 1s held m flexion at elbow and wnst the thumb adducted to the palm
the metacarpophalangeal jounts flexed and the fingers strarght  This
dassical atutude of tetany 1s termed main d accoucheur The lower
Tumb 15 affecred 1n a sumilar manner wach the feet held m an equinovarus
on Luckily the manifestanions of tetany 1 the limbs can be described

posia
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probably of genetic ongm and 15 always associated wath certam develop-
mental abnormalities The face 15 usually rounded and plump and the
stature thickset and short The hands are remarkable for the short stubby
fingers and short metacarpals Often the mdex finger 1s longer than the
other fingers Soft nssue calerfication 15 seen frequently and 1 remarkably
woidespread

DiaGNoOSIS

The first posnt 15 to establish the presence of tetany  This1s not dufficale
when classical carpopedal spasm 1s observed but generalized tetamic con-
vulsions are commonly mustaken for epilepsy Indeed many cases of
1diopathic hypoparathyroidism have been treated as epeptics for long
periods However observation of ectodermal abnormalities and the pre-
sence of cataracts should lead to the demonstration of latent tetany and the
correct diagnosis The presence of latent tetany 1s estabhished by ehating
a posttive Troussean's or Chvostek s sign and the preapitation of car-
popedal spasm by voluntary overbreathing

The essential biochemical finding 15 2 low serum caleium (7 s to 4 omg
per cent) and 2 raised serum morgante phosphorus (4 5to 6 5 mg per cent
m adults 60 to 10 mg per cent m children) The serum alkahne phos-
phatase 15 normal  Ruckets m a child 1s distinguished by the presence of
actwve bone drsease (evident on X-ray) 2 lugh alkaline phosphatase and no

g nise m serum phosphorus At all ages steatorrhoea must be
considered as a cause of tetany but 1f associated with osteomalacia there
1 hittle questron of hypoparathyrordism  On the other hand absence of
bone disease when the serum calaium is Jow suggests a degree of secondary
hypoparathyrowdism the demonstration of steatorchoea excludmg prim-
ary falure of the glands A low serum calerum wath high phosphorus and
tetany 15 found i chromue renal fadure but the evidence for renal impasr-
ment reveals the correct diagnosis

Tetany after thyroid operations 15 never a problem 1 diagnosss 1¢ 15
wise to measure the serum calcrum 1n any patient who complams of cramp
after thyroudectomy The rare entity of pseudo-hypoparathyroidism 1s
duagnosed on the phystcal habitus and the fadure to respond to mjected

P )' yroud hormone {see Appendix for technique of Ellsworth-Howard
Test

‘TREATMENT

The emergency treatment of severe tetany 1s the mtravenons mjection
of 10 cc of calerum gluconate (1o per cent solution) ‘The mjection must
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throat usually from candida albicans  Other ectodermal abnormalities
include delayed poor dentiion dty scaly sk and slowly growing
battle nals  The low serum caloium results i metastatre calfication
which mvolves the basal ganghia and the lens of the eye, X-ray examna
non reveals the former which1s symptomless but the latter mav blind the
pattent with calcium deposttion m the crystallin Iens  In the early stages
lenticular calafication must be sought with the shp lamp but later bi-
Iateral cataracts are very obvious The lens changes are not speafic to
hypoparathyrordisra but are found m any condimon (e g steatorthoea)
assoenated with 2 very low serum caloum

PosT-OrLRATIVE HYPOPARATHYROIDISM
Thas occuts after subtotal thyrordectomy o after removal of a func-
tionng parathyrord tumour In both mstances the resulong tetany 15
usually transtent and does not persist beyond the aueal post-operative
period  The pavent complams of cramps and tinglhng m the hands

carpopedal spasm 15 the most obvious climical feature  Urder these condi-
Ty ail

nions the parathyroids recover from op trauma but oc Y
parathyroid tissue s removed dunng thyroidectomy leading to permanent
tetany  As compared to the sp disease generalized convul

are 3 rare occurcence  Ectodermal abnormalities are rare althongh cata-
racts appear af the low serum calcium persists for a long time

SECONDARY HYPOPARATHVYROIDISM

Thrs condion 1s of physiological rather than pracucal mterest because
3t Wustrates the role of the parathyroids in non-endoctine discase In
steatorthoea calaum 15 absorbed poorly resulimg an a neganve caloum
balance In consequence the serum calcwm tends to drop but the £l 15
arrested by mcreased parathyroid actvity  Failure of this sompensatory
mechamsm or secondary hypoparathyroidism results i 2 low serum
calaym with rassed serum phosphoras concentration  Ie 15 of interest
that such cases do not exhibit gross osteomalacia

PsEUDO-HYPOPARATIYROIDISM
Once agwn the ranty of tus cunous disorder makes 1t vmmportane

at of great mterest phystologrcally The symp logy
:ln? l:ilc{minal fu%dmgs are sunlar to those for true by poparathyrordism
but normal pasathyrod glands are precent and there 15 no response to
mjected parathyroid hormone Jn short the disease 15 not duc to a hack of
Lormone but to a faure of the body to respond to 1t. The disturbance s
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probably of genetic ongm and 15 always assoctated with certamn develop-
mental abnormalites  The face 15 usually rounded and plemp and the
stature thickset and short ‘The hands are remarkable for the short stubby
fingers and short metacarpals  Ofien the mdex finger 1s longer than the
other fingers Soft tissue calcification 1s seen frequently and 1s remarkably
wndespread

Dracnosis

The first pomt 15 to establish the presence of tetany  Thus s not difficult
when classical carpopedal spasm 1s observed but generalized tetamic con-
vulstons ate commonly mustaken for epilepsy Indeed many cases of
1diopathic hypoparathyroidism have been treated as epileptics for long
pertods However observation of ectodermal abnormalities and the pre-
sence of cataracts should lead to the demonstration of latent tetany and the
correct duagnosis The presence of latent tetany 1s established by eliciing
a positve Trousseau s or Chvostek s sign and the preapitation of cas-
popedal spasm by voluntary everbreathing

The essential biochemucal finding 15 a low serum calawum (7 5 to 4 o mg
per cent) and a raised serum inorgarc phosphorus (4 5 to 6 s mg per cent
1 adults 6o to 10 mg per cent m cluldren) The serum alkaline phos-
phatase 15 normal Ruckets 1 a chuld 1s distingusshed by the presence of
active bone dusease (evidnt on X-ray) a hugh alkaline phosphatase and no

ficant nse m serum phosphorus At all ages steatorrhoea must be

constdered as 5 cause of tetany but if assoctated with osteomalacia there
15 hittle question of hypoparathyrordism  On the other hand absence of
bone disease when the serum calewum 1s Jow suggests a degrec of secondary
hypoparathyrodism  the d of steatorrhoea excluding pnm-
ary falure of the glands A low serum caleram with hugh phosphorus and
tetany 1s found m chronte. renal farlure but the evidence for renal impair-
ment reveals the cosrect diagnosis

Tetany after thyroid operattons 1s never a problem m diagnosss 1t 15
wse to measure the serum caletum n any patient who complaims of cramp
after thyrowdectomy The rare entity of pseudo-hypoparathyrodism 15
diagnosed on the physical habitus and the farlure to respond to mjected
;ara;hyroxd 1 (see Appendux for techmque of Ellsworth-Howard

est)

TREATMENT

The emergency treatment of severe tetany 1 the mtravenous myection
of 10 cc of calwum gluconate (10 per cent solation) The myechion must
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be given slowly to avoid any Iikelihood of affecting the heart Oceaston
ally removal of a parathyroid tumour 15 followed by such severe and
persistent tetany that a contmuous mtravenous drp of calerum gluconate
15 required (100 cc of 1o per cent calaum gluconate added to 1000 cc of
5 per cent dextrose solution)

The therapeutic role of parathyroid hormone 15 extremely hmuted
despite the logic of sts use  In a short time the body fails to respond to 1ts
mjection because some antibody reaction is set up It 1s doubtful whether
a true antthormone 1s formed, more probably there 15 antibody formation
to the impurinies of the prep However lar ad
tion n a dose of 50-100 units twice daily for a few days only may tide over
an acute phase of tetany until Jong term treatment can be established

Long term treatment consists of a dietary regime and the admunstration
of calferol It ss obvions that the mcake of calerum muse be hugh but the
mmportance of a hugh calcium to phosphorus ratio 1s commonly neglected
Thus mulk (or cheese) 15 a rich source of calcium but rts kagh phosphorus
content makes 1t utterly unswtable m the treatment of hypoparathyroid-
1sm A consderable improvement m the serum caleum level wath 2

fall in phosphorus can be obtamed by a strict low phosphorus
high calcum diet However this 1s very dull and unpalatable so that no
pattent will remamn on the regime  An adequate compromse 15 a diet that
excludes mulk and cheese but 15 othernise normal  Additional calcum 15
required as tablets of calanm gluconate (8-16 grams daly) Calawm
chloride has been advocated as its aadifymg effect promotes calcium
absorption and dimmushes tetany by ereatng muld acrdosts However the
acidosis may be harmful and there 15 no advantage mn the use of the
chlonde when calaferol 1s also given

Calasferol (Vitamuin D .. ) has a powerful effect on the absorpton of
calcrum and also causes an mcrease 1n renal loss of phosphorus In this
latter action 1t can replace parathyroid hormone Another product of
wrradiated ergosterol which mimucs the action of the hormone 1s dihydro-
tachysterol (A T 10} ‘The cost of thus substance 15 so much morc than
calaferol that there 1s no reason to use 1t as a routine 1n long term therapy
Ho there are Jaferol resistance ansmg dunng treat-
ment When this occurs a transfer of therapy to A T 10 wall be effecuve

Calaferol 1s more active in the presence of parathyrord hormone with
the consequence that hugh dosage 15 required 1 hypoparthyroidism  Its
action 15 prolonged which leads to dufficulty m regulating the dose and
drate cessanion of if the serum calaum

\ lly hugh levels An 1unal dose of 1 mg

a -

necessitates the
reaches

conct
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(40 000 umits) daily 15 not excessve the final mamntenance dose vanies from
1to 10 mg The dose of A T 10 15 stmular to that for calaferol  Rising
requrements of calaferol should be met by changing the therapy to
A’T 10at 2 dose equivalent to the ongnal effective dose of calaferol

Hyperparathyroldism

Excessive prod of parathyroid b may result from primary
dusease of the gland or as a secondary response to certain disturbances of
calctum metabolsm

Primary Hyperparathyroidism
PaTHOLOGY
By far the most common cause of this condion 15 2 parathyrord
adenoma The tumour 15 usually small and seldom palpable An im-
portant pomnt 1s that 10 per cent of these adenomata are fol;md not sn lhs

neck but m the med O 1y g

parathy

hyperplasta causes primary hyperparathyroidsm  This hustological

dragnosus 15 always suspect as 1t 1s so dufficult to differentiate from second-
tveod 1 ¥

ary p ¥ yp phy The rare makg parathyroid tumours
are very seldom associated wath disturbed function
The exact sigruf of the broch alab Lities 15 still debatabl

The argument revolves round the primary site of action of parathyroid
hormone It has already been stated that there are probably two primary
sites of action namely the osteoclasts and the renal tubules However
hyperparathyrordism can be present as a renal disturbance wathout any
d ble bone disease  Exp of the renal theory pome to the
face that this type of the disease can be present for many years and does
not represent an early phase On the other hand when bone disease 1s
present the osteoclasts are so sttmulated as to form tumours The two
views may be reconaled on the supposition that patients show a vanable
sensttivity of bone and kidney to hormone stmulation

Leaving aside theones the biochemucal changes themselves are clear
Renal tubular reabsorption of phosp 1 & hed and the serum
phosphorus falls In relation to the serum phosphate fall and probably
from direct sumulation of osteoclasts both calaum and phosphate Jeave
bone As there 1s no abnormal renal handling of calctum the serum cal-
cummses With this me tncreasing quantities of caleum pass inro the
wnne In consequence the patient 1s liable to develop calcium phosphate
caleult m both kadneys  As osteodlastic acttvity mcreases the serum

alkalme phosphatase nises and fiurther bone actvty leads to the formation
of osteoclastomata
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be gven slowly to avoid any hikehhood of affecting the heart Oceaston-
ally removal of a parathyroid tumour 1s followed by such severe and
persistent tetanvy that a contmuous ntravenows drp of calarm gluconate
15 required (100 cc of 10 per cent calawum gluconate added to 1000 cc of
s per cent dextrose solution)
h role of parat) d h 15 extremely hmuted
despite the logic of sts use In 2 short ime the body fatls to respond to 315
njection, because some antibody reactionssset up It 1s doubtful whether
a true anthormone 15 formed more probably there 1s antbody f
to the unpunties of the preparation However intramusenfar admimnsstra-
tion 3n a dose of 50-100 units twace daily for a few days only may nde over
an acute phase of tetany until long term treatment can be established
Long teem treatment consusts of a dietary regme and the admumstration
of calaferol 1t s obvions that the intake of calcium must be hagh but the
smportance of 2 ugh calcium to phosphorus ratio 15 commonly neglecred
Thus mdk (or cheese) 15 2 rich source of calerum but sts hagh phosphorus
content makes 1t utterly ble m the of hypoparathyroid
sm A consderable smprovement m the serum caloum level with a
concomutant fall m phosphorus can be obtained by a stnct low phosphorus
tigh calaom diee However this 1s very dull and unpalatable so cht no
patent will remain on the regime  An adequate compromuse 15 a diet that
excludes muik and cheese but 15 otherwise normal - Addinonal calaum s
required as tablets of calaum gluconate (8-16 grams daly) Calawm
chlonde has been advocated as its aadifymg effect promotes calaum
absorption and dimunushes tetany by creating muldacidosss However the
aadosis may be harmful and there 15 no advantage 1n the use of the
chlonide when calaferol 1s also given
Calaiferol (Vatamun D 2 ) has a powerful effect on the absorpuon of
calenm and also causes an merease m renal loss of phosphorus  In this
Jatter action 1t can seplace parathyroid hormone Another product of
wreadaated ergosterol which mimacs the action of the hormone 1s dihydro-
tachysterol (A T 10} The cost of ths substance 18 0 much more than
calarferol that there 1s 1o reason to use 1t as a routine m fong term therapy
However there are mstances of calaiferol resistance ansing during treat-
ment ‘When this occurs a transfer of therapy to A T 10 will be effective
Caluferol 15 more acnve m the presence of parathyroid hormone with
the consequence that high dosage 1 required 1 hypoparthyrordism  lis
action 15 prolonged which Jeads to difficulty m regulanng the dose and
n Iy cessation of of the serum caleium
concentration seaches abnormally ugh levels  An ammal dose of 1 mg
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The renal caleuls present with colic or recursent unnary infection. They
are found 1n both kidneys and reoccur after removal Therefore any
paticnt wha has a long history of bilateral recurrent caleum phosphate
calcult should be considered as a possible case of hy perparathyroidism

Renal function 15 tmparred to a degree dependent on the amount of
infection that has occurred and the amount of nephrocalemosts Consider-
able recovery of function 15 not uncommon after successful removal of 2
parathyroid adenoma but 1n cases with gross renal impairment operation
15 of no avail and renal fatlure progresses 10 fatal uraemia

The charactenstic low scrum phosphorus is not found n the presence of
renal falure  Indeed phosphate retention 15 likely to accompany the urea
retention  This complicates the dignostic value of serum chemustry

In the slow evolution of the discase the functional state of the kidneys
rather than the bone domunates the preture and uraemsa 1s the most com-
mon cause of death

DragNosts

The patient may present with or without bone disease In both types
the history may reveal recurrent gastro-mntestinal disturbance of thirst
and polyuna suggestive of hypercaleuriz  If the patient presents with
symptoms of renal calculi the nature of the calculus and X-ray evidence
of neph will asd the d At all umes X-tay exammation
of the bones 15 necessary to determmethedegree of osteoporosis and more
partcularly the presence of spontaneous fractures or cystc areas sub-
peniosteal resorpion of bone 1s also seen In the absence of localtzng
bone symptoms X-ray of the skull hand and femora are required

It 1s obvious that the serum caleium phosphorus and alkaline phospha-
tase must bemeasured  The usual range of calcium concentranon 15 12-18
mg per cent but the value may be normal  The phasic nature of hyper-
caleaenua makes 1t imporeant to perform senal calcum determmnations if
the first reading 1s normal - Serum phosphorus 1s lowered (below 2 5 mg
per cent) unless there 1s imparred senal funcuon  Therefore interpretaion
of the phosphorus concentration 15 made 1n the hight of renal function
tests  Alkaline phosphatase 1s rawsed only m the presence of bone discase

‘There 15 unfortunately no specific test for parathyroid hormone ~ At the
present time the most important atd to the ivestugations alrcady histed 1sa
measurement of urmary caleium output when the patient has been
mantamed on a low calemm (below 120 mg daly) diet for at least
five days A 24-hour unnary calowm output which 15 repeatedly over

2s0mg strongly suggests hyperparathyroidism,
s




120 INTRODUCTION TO CLINICAL ENDOCRINOLOGY

Cunicat PreTure

Both sexes are affected equally, and at any age  The diagnosis 1s most
common m mddle-age but the great length of the natural hustory prior
to recognution of the condition 1 many cases makes 1t dfficvls to give 2
teue estimate of the age of onset

The symptoms and signs can be classificd on 2 physiological basis It
will be seen that the condition can be divided broadly into cases presentng
as recurrent renal caleuls and those presenting wath bone disease The
renal type 1s mote common than the bony disease and many patients have
suffered for years from recurrent renal caleult probably entading several
operations before the correct diagnosis has been made

(a) Symptoms of Hypercalcaenma

The degree to wiuch the serum calaum 1s rassed 1s as vanable as the
penodiaty of hypercalcaemua  In consequence the symptoms are varable
m mtensity and time A hugh serum calanm causes gastro-mtestinal
disturbance with episodes of anorexia vomuting and sometimes diarchoea
whach last from days to weeks The excessive unmary exrenon of calerem
15 accompanied by polyura and thurst  Lastly muscular weakness and
&iffuse pain 1n the hmbs add to the general discomfott of the patient
(b) Bony Changes

Excessive sumulation of osteoclastic activity by parathyroid hormone
leads to general dermmerahzation of bone  Unlike osteoporosis the process
mvolves the skull which presents a untform granular mottled appearance
on X-ray The weakened bones are lable to spontaneous fracture but
such fractures heal with normal callus Finally growth of the osteoclastic
cells forms tumours which have a predihiction for the jaw metacarpals
metatarsals and the ends of long bones On X-ray the appearance 15 of
cystic change and ndeed such changes are present in some of the tumouts
With advanced bone changes there 1s considerable fibrosts of the marrow
which tesults 1 anaemia and leucopenua. Pathologically the discase 15
well named generalized ostertis fibrosa cystica  Chnteally 1t causes
severc bone pan and spontaneous fractures The bones break rather
than bend 1n contrast to ostcomalacia
{c) Renal Changes

These are of great importance because more cases of hyperparathyroid-
1sm suffer from renal calculs than bone disease The majonity of the calculs
consist of calcwum phosphate  Calewum dep also occurs through
the substance of the kidney and may be present m the absence of calcult
Sumlar mesastanc calafication may ako occur 1 the muscles and lungs
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tion of the one tumour for cases have been reported with two adenomata
Ifno tumour 1s found n theneck exploration of the antenior and posterior
mediastinum 15 necessary because parathyroid adenomata can oceur mn
these sites

The post-operatrse disturbance of calaum metabolsm will be m
proportion to the seventy of the bone disease A severely demunerahized
skeleton wnll absorh great quantines of caletum directly the excess of para-
thyroid hormone 15 d Consequently a profound drop m serum
calaum with prolonged tetany will occur  This event should be anti-
etpated and prevented by the admumsstration of a very hugh calcum intake
prIor to op and a mfusion of calaum
gluconate i s per cent dextrose from the moment of operation (100 c¢
of 10 per cent calcium gluconate to 1000 ¢ ¢. dextrose soluton)  Therapy
15 regulated by repeated serum calaum determmations and a chnical watch
for the appearance of tetany  For some obscure reason ohguna may com-
phcate the diate post-op course so that of urin-
ary output 18 necessary to gauge the correct flud intake

SECONDARY HYPERPARATHYROIDISM

Parathyrod activty 1s d in cond which lower the serum
caloum namely nckets osteomalacia prolonged lactanion and chronic
renal falure

Enlarged parathyroid glands are a frequent autopsy finding m chrome
renal disease with death 1n uraemma but 1t 15 not cerran that this mdrcates
mncreased function It has been suggested that senal failure decreases the
serum calcrum exther by excessive unnary excretion i an attempt to over-
come aadosis (when the kidney can no longer form ammonrs) or by
£alure to secrete phosphate leading to a raised serum phosphorus A low
serum caletum and brearbonate with rassed serum phosphorus may or
may not be assoctated vith bony lesions A bewnldenng vartety of bone
disease can occur from osteosclerosts to cyst formation but the more com-
mon picture 1s that of osteomalacia or osteitis fibrosa, sometimes with
metastatzc caletfication 1n muscles or lungs  The assocation of bony dis-
case and chronic renal failure 15 distinet from primary hyperthyroidism
1 that the serum calerum 15 not raised. the kidney 15 not calafied and the

plasma brearbonate 1 lowered
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The diffecential diagnosss ies with the followng diseases

Secondary Hyperparathyroidism
(See appropmate section (page 123) for discussion.)

Recurrent Renal Calosks of Other Types

The nature of the calculus the absence of bone lesions and the normal
serum chemnstry and a low calaum excretion on a low calaum diet will
distingussh this group  Tn practice 1t 33 more common to forget the
occurrence of hyperparathyrosdism 1 the guuse of renal caleul

Osteaporosss
A normal X-ray of skull an absence of cyst formation n bone together
with normal serum chemistry and a normal renal trace differennate this
condstron from parathyrord disease  There are rare mnstances of acute
P with hyperealcaemia occurring 1n young patients who ate
ummohalized after severe bony mynry  Sumilar episodes may compheate
the fracture of a bone affected by Paget s disease

Osteomalacia
Secondary hyperparathvrosdism 15 assoctated with thss disease and
therefore 1t 15 discussed mn the appropriate section (page 123)

Midnple Myclomatosss
Bone pawss anaemia renal smpasrment and somettmes a rased serum
calcrum suggest parathyrord disease The absence of renal calculs or eal-
£i thep ofa high sed: rate and reversed albumin/
globulin rano dieate the correct diagnosts which 15 confirmed by the
finding of myeloma cells on sternal prmcture

Rare Cavises of Confitsion

Locahized grant cell tumours of bone are sumilar on X-ray to the tum-
ours of hyperparathyrowdism but there 15 no evidence of generahzed dis-
tutbance  Occasionally Paget s disease may be superficnaily confusing in
diagnosss, and also that rare enuty of childhood polvostotic fibrous
dysplassa Lastly antense polyurta associated with hyperealcaemmn may
suggest that the patient with a parathyrosd adenora has drabetes sastprdus

TREATMENY
The only bar to removal of a parathyroid adenoma 15 gross Shrome

renal fature which 18 judged to be arreversible  Apart from this the cor-
rect treatment 15 swrgcal exploration of the neck to find and remove the
offending tumous The sutgeon must not be content with the :dentifica~
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ing of msuln followmg a meal. It occurs in ughly strung and neurotte
mdividuals who possess vasomotor mnstabiliy and gastnic hyperaadiy
The same disorder 15 probably responsible for hypoglycaemia 1n patients
who have had a gastrectomry  The rapid absorption of carbohydrate after
this operation may play some part by causing a transient minal hyper-
glycaemia. The extreme sensivaey of the pancreas 15 probably related to
an unstable autonomuc system wath vagal overacuon

The symptoms of hypoglycacnua ate scldom severe i the alimentary
and fi ! cases Ch 1stically the onset of symp follows a
meal particalarly of 3t contams a large proporton of carbohydrate
Dizziness famtness sweating and trembling are the usual complants
but coma does not occur and the syndrome does not progress in sevenity
The duagnosis lies n the cliucal interpretation of the symptoms and the
proof that they are related to a Jowered blood-sugar (usually about s0-65
mg percent) Symptoms are not produced by prolonged fasting and the
oral sugar tolerance test shows a normal fasting blood sugar with a later
drop to hypogly As carbohydrate exag the symp
treatment comsists of a hugh protem and low carbohydrate diet taken m
frequent small meals The patent should avord all sugar n lus dier Of
course sugar will relieve the symptoms if they occur but prevention of
symptoms can be achieved only by cutting out sugar from the diet

Tumours of the Islets of Langerhans

Functionmng tumours of the wslets of Langerhans (Insubnomas) may
anse at any age the peak nadence lymg berween 40-50 years  Both
sexes are equally affected The benign adenoma 1s the most common
growth outnumbernmg the malignant tumours with hepatic metastases by
tento ope It1simportant to realize that in about 10 per cent of cases more
than one adenoma 1s present i the pancreas ‘The tumour may be found
any part of the pancreas there 15 no truth i the suggestion that they are
more frequently found m the tall. However tumours m the head of the
pancreas ate less accessible to the surgeon than those m the tul

Occastonally the pancreas 1s filled by hyperplastic 1slets of Langerhans
or even 2 diffuse adenomatosss Such a pathology 15 more common
children with hypoglycacmia but 1t 15 apparent from autopsy studies
that hyperplastic sslets of Langerhans are not necessanly associated with an
tereased secretion of msubn Indeed even modern stamng methods for

the P cells of the sslets do not grve a good correlanon between Tustological
appearance and functional capacaty



CHAPTER V11
SPONTANEOUS HYPOGLYCAEMIA

SronTaNEOUS hypoglyciemta anses exther from an excessive secretion of
wsulin from the sslet cells of the pancreas or from a dimnsshed secretion
of nsulin antagonusts provided by the pimtary and the adrenal cortex
The antenor prontary antagomzes the hypoglycaemic effect of msulin by
the secretion of growth hormone and by the secrenion of ACTH The
latter sumulates the adrenal cortex to secrete hydrocornsone which
mubats the action of msulin as well as promoting gluconcogenesss The
types of spontancous hvpoglycaemu can be classified according to the
primary duorder of function and the underlymg anatormical lesion

CAusEs OF SpO ITANEOLS HYPOGLYCAEMIA
A Whth no anatomcal lesion
10 balance)
Almentary (post-gastrectomy)
B With anatomical fesion
Excesstve msulin secretson
Adenoma of sslet cells of pancreas
Carcnoma of slet cells of pancreas
Dsffuse hyperplasia of 1slet cells of pancreas

-

2 Hypersensitivity to normal secretion of msulin
Prmary adrenocortical failure
Primary anteriotr pruttary fadure

Disturbance of glycogen storage
Glycogen storage disease (Von Gierke s)
Carrhosis of hiver or acute yellow atrophy of liver

The chintcally important conditions are the first three  Hypoglycaemta

15 only part of the picture of antenor pinutary or adrenocorncal falure

and there 15 httle hkelhood of nusung the sclevant physical signs and
of these cond. even if the d

ymp p p
1¢ due to a lowered blood-sugar  Liver disease 15 very seldom assocuated

wth significant hypoglycacmia
Functional hypoglycaemia ss due to a temporanly excessive outpour-

134
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An accurate hustory 15 the most valuable dragnostic aid the probability
of hypoglycaera bang tested by estimating the blood-sugar dunng 2
spontancous attack or when an attack has been induced by fasting the
patient for up to 24 hours Between attacks the patient exhubits no ab-
normal physical signs  Obesity nught be expected from hypennsulinism
but in fact 15 scldom seen

An erroneous diagnosts of hystenia or epilepsy 15 often made merely
because the possibility of hypoglycacmua 13 overlooked  When the stage
of coma 15 reached the generalized ngidity of the patient with extensor
plantar resp may suggest encephalitis or a md bram tumour In the
termmal phase confirmation of the correct diagnosis can be impossible
because the blood sugar may be at a normal level despite continued
unconsciousness  Other forms of hypoglycaerma are not difficult to dis-
tingush esther by their charactersstic relationship to meals without
symptoms on fasting or by associated evidence of adrenal or hepatic
falure Insulin or glucose tolerance tests have no consistent pattern n the
presence of an wsul and are therefore valueless in diags The
distinction between a malignant and a bengn sslet cell tumour may be
mferred from the rapsd progy of symp which 1s more ct -
1stic of the mal growth or the palp of an enlarged liver studded
with metastases

‘TREATMENT
Surgical removal of the tumour 15 essential durectly the diagnosss 1s
blished h ful even 1f the

P may be d
patient has been comatose for three or four days and exhibits decerebrate
ngidity However such prolonged hypoplycaemua 1s likely to have caused
srreversible damage to the bram, leading to mtellectual impairment

On occasion the presence of a tumour may be 1 doubt desprte chinrcal
evidence of severe hypoglycaemia - An exploratory laparotonty should be
undestaken wath a partial resection of the pancreas if no tumour can be
found Thus sttuanon usually anses m cluldren thear tllness bemg success-
fully terminated by subtotal pancreatectomy despite the absence of
demonstrable sstet cell tumour or hyperplasia

Prior to operation 1t 15 not dufficult to mamtain 2 normal blood-sugar
concentrauon by the mfusion of glucose After operation transient
hyperglyeaemia 15 common but does not require msulm therapy The
maintenance of the blood sugar in the presence of functioning, metastases
15 2 senous problem. Malignant sslet cell tumours are seldom fatal from
their mvasive propertics but Jull by hypoglycacrata which cannot be
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Cunicar Picture

The symptoms and signs of hypoglycaemta are widely known because
of the large number of diabetics whose treatment with mnsulin makes them
Lable to such episodes It 1s 2 matter of speculation as to why the :dentical
symptoms produced by an 1slet cell tumour are so seldom mterpreted
correctly The fact that a case of hypermnsulimsm has been diagnosed by
a nursing orderly because he was farmliar with msulin shock therapy
sllustrates that awareness of the conditton 1s the first step to recognion

There 15 an extraordmary varability 1 the time taken for the full
development of the syndrome  Some patients are deeply unconscious
within two weeks of the first symptom while others suffer occastonal mild
ateacks over many years before the tempo of the disease quickens and the
diagnosss 1s made  The usual course 15 one of progression not only 12
frequency of attacks but also i sevensty of the symptoms  Charactenstic-
ally the symptoms appear before breakfast and later on fasting or exertion

The symptoms are as vanable as those induced by themyection of ns
Early mamfestations wnclude noisy drunken’ behaviour with slurang of
speech To the onlooker pecultar behaviour 15 obvious the housewafc
staggers from her bed to put the tea leaves m the marmalade and pour
bozling water over the cereal By the tume she has caten breakfast her
behaviour 1s normal and she has Ittle recoll of herapp prdity
Apart from a hightheadedness or a trance-like feeling the patient expen-
ences blurrng of viston or diplopia tmglng around the mouth and
mtense sweating

As the attacks become more frequent and more severe stupor and
transient coma are domunant signs  Loss of consciousness 15 often accom
pamed by epileptiform convulsions with mncontinence of unne  Spon-
taneous recovery of conscrousness 1s usual the patient having no memory
of the attack and sometames waking with a hemuparesis that diszppears 1
a few hours Episodes of coma become prolonged vnul the termun:
attack which Jeaves the patient i z state of decerebrate ngidity lastng
days before death

Dracnosts

The cardmal pomts of dragnosis are the occurrence of attacks i a fasting
state with blood-sugar values below so mg per cent and raptd chmcal
relief from the admunstration of glucose The episodic and vanable
nature of the illness is sometimes confusing the degree of hypoglycacmua
15 not constant symptoms being related to the speed of fall of blood sugar
as much as the absolute degree of hypoglycaemia



CHAPTER VIII
THE GONADS

Heterosexual Development
Tre human embryo 15 essentially ambisecual up to the 25 mm stage
After this the gonad diffcrentrates 1to ovary or testis and the genital
ducts develop according to the sex of the gonad the genital tract anses
from the Wolftan duct 1n the male and from the Mullenan duct i the

fermale The cond; ling this develop are not fully
understood, The genetrc sex 15 determuned at fertihization, but later
embryonc develop may be mfl d by genetic &

and by h ! or other org factors elat d by the embryo

or the mother If the embryonic gonad 15 removed or remans undaffer-
entiated the sex development of the organssm proceeds along femmmne
lines regardless of the genetic sex  The secretion of androgen by the foetal
adrenal will accentuate male charactenstics despite a normal ovary as
shown by the female pseudoh phrod of congemtal adrenal
vinhism However the degree of hormonal control in normal sex develop-
ment 1s uncertam.

‘The obscunty of this subject does not prevent a clintcal approach which
1s based on physiological cnitena The pomnts to be considered are the
geneticsex the gonad and ns degree of development the external gemitaha
and the presence or absence of sex hormone acuvity Heterosexual
development onginates i the embryo or 1s acquired after birth acqured
mascubmzation of the ntherto normal female or femizanon of the male
15 always an end disturk with excessnve h prod
of adrenal or gonad Embryom:c abnormaliaies form the basis of herma-
phrodiism which may have a genetic or an endocrmne basis Complete
agenests of the gonad, regardless of genenc sex 1s assoctated with femunmne
development which presents chimcally as female sexual infantilism rather
than as a problem of uality Thefollowing classifi will clanfy
these points

HETEROSEXUAL DEVELOPMENT PRESENT AT BIRTH
Gonadal Agenesss

This syndrome does not present a chimcal problem of mtersex There-
fore 1t 15 discussed 1 a later section (page 133)

129
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treated surgically The use of alloxan has proved disappomntmng and
dangerous  Admunustration of very large amounts of carbohydrate 1
seldom successful for any length of ume The most promusing form of
therapy 15 cortisone which promotes gluconeogenests and mhibus the
action of msuln  Obviously one 1s fighting a losing battle with a malig-
nant tumour but cortisone may so moderate the attacks of hypoglycacra
that the pattent s ife 15 extended for several months
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though menstruation 1s obviously absent because there 15 110 uterus  the
body contours become essentully fermnume wth fully formed breasts
The external genutahia appear fermimme but the vagma s short It appears
that the testes 1n thesc cases secrete oestrogen rather than androgen In one
group of these cases there 15 2 fanubial incidence of the syndrome and a
complete absence of body hasr {from end-organ msensitivaty not lack of
hormeonal stumulus)

DragNosts

The dugnosuc problems of intersexuality or hermaphroditsm vary
with the age of the panient  Deternumng the se< of the new bom child
may be impossible on mspection of the genitahia and special mvesugation
may be unwarranted at that stage In practice gemtal abnormalities often
escape notice m the neonatal penod and the mother does not seek
medical advice for her child until ke or she 15 several years old  Lastly
there are 2 group of patients who do not come to the doctor until they fail
to mature normally at puberty Duagnosis on purely clincal grounds
becomes easier with mereasing age of the panent because the genital
abnormality will have developed to 1ts full extent It 15 useful to remem-
ber that true hermaphrodites are excessively rare and that m pseudo-
hermaphrodites the female type 15 usually an example of congettal
adrenal viriism and the male type of geneticongin Therefore the associa-
tion of precocious secondary sex development and somatic growth with
gemtal abnormahty ndicates a female pscudohermaphrodite but gennal
abnormality not assocrated with these features indicates 2 male pseudo-
hermaphrodite

The special mvestigations required to confirm the diagnosis of con-
gemtal adrenal virthism have been detaled 1 a previous section (page 108)
In cases with no hormonal abnormahity the gonadal sex can be mferred
by determining the chromosomal sex of the skin or leacocytes using
special chromatin stains - Apart from this the only sure method of com-
plete duagy 15 expl y lap Such an op cannot be
Justified by academic cunosity but 15 reasonable if surgical treatment 15
antcipated  Congenutal adrenal vinlism can always be diagnosed without

laparotomy moreover the nsk of any operative procedure 15 increased
these cases

‘TREATMENT

Genetie and gonadal sex are not so 1mportant 1. therapy as the sex
which the patient has adopted and the configuration of body and external
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Gonads Differentiated

(a} True Hermaphrodites

Both avary and tesus present  Gemstalia of both sexes present mer-
nally and lly Outward app e of gennealia may be predonmu-
nandy male or female Secondary sex characters develop af atall at
normal age, and mimuc esther sex

(b} Pseudohermaphrodites
(1) Female
Gonadal and genetic sex female  External gemtalia masculine bue no
testes or proper scrotum  Uterus and fallopian tubes present of due to
congenital adrenal vinlism  Secondary sex characters of male type are
precocious m appearance if caused by adrenal androgens but may not
appear i rare cases of genenic origin

(2) Male

Gonadal and genetic sex male  External gemtalia vary from essentmally
fermmne to gross hypospadias of penss wath cleft scrotum  Secondary sex
characters may be male or female often poorly developed but usually
approximating to apparent sex of external genatahia

True hermaphrodinsm 1s excessively rare and can only be diagnosed by
Taparotomy  The gonads lie intra-abdomunally or m the mgumal canal
sometimes 1 association with a hcrma A COmPOﬂ(C organ ovotests 15
usually found but a separate ovary and testis may be discovered  Sperm-
atogenests does not artse i the tesus The body habatus 1s more frequeatly
male than female but body harr 1 usually of female type although breast
development 13 paor  Menstruation through a penie urethra can occur

Pscudo} phrod, 15 2 more d the sex of the
patient bemng designated by the gonadal sex while the appearance of the
gemtahia resembles the sex opposite to that of the gonad  The great
magonty of female pseudol phrodites have congental adrenal
vinhsm It 1s rare to find one of genetic ongm  In contrast male pseudo-
hermaphrodites are usually of genetic ongin In many the perus wich
gross hypospadus suggests an enlarged clitorss a cleft scrotunn resembling
a vulva although there 13 no vagmnal operung and the labia munora are
absent ‘Testes may be palpable in the cleft scrotum or the mguinal canal
There 15 no secondary sex development until the normal age of puberey
at which tune the growth of body bair and enlargement of the pems give
further semblance of male ey although the degree of develop
15 not that of a normal male  The more remarkable cases are those of

by normal £ devel m the presence of testes Al

PE



THE GONADS 133

sexuality but the fact should never be forgotten mn dealing with patents
who are often convinced that ther sex must be changing and are greatly
reheved to find that this ssnot so

Gonadal Agenesis

The finding of rudimentary gomads 1 giels of short stature with
hypogonadism and a variety of congenutal lestons was described as ovarian
agenesis until the recent ntroduction of skin or leucocyte sexng  The
logteal change of nomenclature to gonadal agenests followed the dis-
covery that about 8o per cent of these patrents have male type nuclet m
skin and leucocytes

Before describing further clical features of the syndrome 1t 15 worth
while defirung the sigmificance of cytological tests of sex. In mules the
cell nucler do not contatn the specific sex chromann which 1s present m all
females  This apphes not only to normal people but to pseudoher-
maphrodites accordimg to their gonadal sex  But 1t does not follow that
one ¢can equate female type nucler with genenic femaleness or male type
nucler with genetic maleness ‘The absence of sex chromann from the cell
nuclet of the majonty of the pattents with the syndrome under discussion
does not change girl mto boy It does however provide a useful con-
firmation of diag with its dant prog; grufi Tt 1s
quite wrong to allow any impheation of sex reversal to be known by
Panmt or Parcnt

The ongin of the synd Tes nadefe 'mplasm assuggested by
the rudimentary gonads usually only a vestigral streak, by the high titre of
follicle snmulating hormone (i the adult) mdicating an intact pitustary
and the of other congental lestons  The internal genttalia show
hypoplastic fallopian tubes a small uterus wath 2 normal but immature
vagma The external gemtalna are essentually femmnme although they
remam mmmature

In stature the patient 15 short but not dwarfed the growth rate bemg
within the hmuts of normal epiphyseal closure 1s only shghtly delayed
The general appearance 15 of a thickset person with short hmbs the most
charactensc deformuty cuntously remuuscent of the Sphinx 152 webbmg
of the neck which extends n a fibrous band from behmd the ear to the tips
of the shoulder In the absence of webbing the neck may be extremely
short  Other deformunes which may be present wnclude cubstus valgus

(with an mcreased carrying angle of the arm) pes cavus syndactyl:
spima bifida and chondrodystrophy of the dorsal) o Thzn’ pities
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gemtalta  The older the patient the more mmportant 1t 15 to conserve the
sex i which he or she has been brought up from birth Integration with
society 15 usually very successful and the pattent 15 confident m being a man
with deformed genitaha or a woman with superfluous hair  If gonadal
sex 13 opposite to that of the patient s soctal sex thus knowledge should
be kept secret by the doctor for revelation to the patient may result i
suterde

The treatment of congemtal adrenal virtlism has already been discussed
However there arc some patients who have been broughe up as boys and
are well sertled n ths sex Under these carcumstances 1t 1s quite wrong to
nduce f develop by supp adrenal and secretion
with cortisone  The gemitalia may be left alone or plastic operations per-
formed to construct a pemle urethra

The treatment of male pscudohermaphroditism depends on the sex
adopted by the patient the external gematahia and the endoctine activity
of the testis There 1s no problem 1f the patient brought up as a gurl has
fermnme contours normal female breasts and external gemtalz  Such
patients present with primary amenorrhoea  the dragnosis 15 of academic
mterest only and no treatment 1s required At the other end of the scale
there 1s the patient brought up as 2 boy whose genstalta are deformed but
male-like Plastic surgery 1s usually required to remodel the gemtalia to
conform with a more masculme shape and androgen therapy 15 mndicated
of the tesus fails to produce a normal amount of androgen at puberty
A more dufficule problem 1s presented by the patent brought up asa gl
whose testes produce excess androgen at puberty causing vinlzation of an
apparent female Orchidectomy 1s required followed by the admumistra-
ton of oestrogens to sumulate femunme charactenistics and offset the
hormonal withdrawal of castration  Chitonidcctomy and constructron of
an arufictal vagma are two further surgical procedures of obvious value
Removal of the gonad m any patient 1s only required 1f its hormonal acron
15 contrary to the accepted sex of the patient

The social and mental aspects of hermaphrod are very 1mp
Usually the hibido of the patient corresponds to their accepted sex This
1n sharp contrast to those unfortunate people who possessing a normal
fully developed body beleve that they belong to the opposite sex  This
15 2 malady of the mind and not related to orgame sex change There does
not appear to be any possible justification for mutilattng normal bodies to
pander to these abnormal minds

Despite popular newspaper reports the human being does not change
sex Ths should be app from the foreg d, on mntere
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Precoclous Sex Development
There 15 a considerable mdividual varianon m the age of onset of
normal puberty and 1ts subsequent progress  Sexual maturation follows
the pattern indscated i the table which represents the average

DEVELOPMENT OF SEXUAL CHARACTERS

Age Boys Gurls
10—1I yrars Some eplargement of testes Budding of breast
and pems Downy pubic hate
1112 years Prostatic acavity Growth of labua vagina and
Downy pubic hair aterus
More pubic hate
1313 years Coarse (adult) pubic hair Breasts filling out napples devel
opug
13—14 years Rapid growth of pems and Axllary bur Menarche
¥ Vester ® (anovulatory cycle at first)
Subareofabreast tissue.
141§ years Axillary hawr Fernale body contours
Face ha begns Regular ovulation
Voice starts decpening
Mile body contours
1516 years Spermatogencsis

In this country evidence of sexual development befote the age of 10
years should be considered as premature  Precocious sexual development
may mvolve secondary sex characters wathout gonadal maturation or be
associated with gonadal growth to the stage of gametogenesis The
former type 13 termed pseudopuberty and the latter true precocrous
puberty

Sexual precocity of all types will alter the somanic growth of the child
accelerating the rate of growth and ossificanon  As a result the chuld 1s
taller than hus contemporanies but early closure of the eprphyses leads to
eventual short stature wrth short hmbs i comparison to the length of the
body Adrenal androgens are more potent than oestrogens m their action
on somatic growth

The actiology of sexual precoaty can be classified according to the
ongun of the endocrine stimulus as shown i the accompanymg table
AET0106Y OF PrECOCIOUS PUBERTY
(A) True Puberty

(1) Consttutional

{~) Hypothalamuc lesions

Pmeal tumours (boys only)

Basal menngtis

Tuberose sclerosts

Polyostonic fibrous dysplasta (gurls only)
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stature 15 510t due to any endocrne influence bue 15 of genctrc ongm
Generalized osteoporosss ntay be seen m adults pechaps due to contmued
lack of cestrogen  Other congemtal lesions mclude mental retardation
deafniess myopia and Jesons of the vascular system parncularly coarcta-
non of the aorta

Throughout eluldhood the conditson 1 recognuzable only by theastonia
tion of congenstal defects  After the age of puberty hypogonadism with
amenorthoea 15 apparent but some scantv pubic and axallary harr grows
under the simulus of adrenal androgen  Stature remains short and 15 not
significantly affected by hormone admmsration as epiphyseal elosure 1
not appreciably delayed There are no chnical sgns of hypopitmtansm
the urme contamns large amounts of gonadotrophsns and a notmal amount
of 17 ketosterords  Absolute stenlity 15 of course mevitable

An apparently similar syndrome occurs very rarely in obvious males

1t

Short stature and the cong hities already desenbed ace found
with bilateral eryptorchidism and male hypogonad:
Diacnosis

‘The syndrome must be dered 1n the diffe 1 diagnosis of both

male and female hypogonadism  The short stature with sexwal infanulism
15 hikely to be confused with prtwtary mfanthsm  However 1t differs from
this form of hypopitmtarism in the presence of multple congemtal defects

a short stockv build compated to a proporuonate delicate skeleton with
actual dwarfism and the growth of some pubic hur  An almost normal
17 ketosterord output and a rased level of unnary FSH excretion
make 2 dear d from hypop In the mayjornv of guls
with the syndrome the diagnosis s confirmed by the findmg of male
typenuclesin the sk lencocytes or cells seraped from the buccal mucosa

By this means the diagnosis can be made pror to the age of puberty

‘TREATMENT
In guls at the nme of puberty grow th of sexual characters shauld be

nduced by givmg sulboestrol 2.5 mg daly (or ats equivalent) As
deyel proceeds the gen should be stopped for one week
every month to allow a withdrawal bleed  After has been
achieved there 15 1o pomnt at all in contmumg therapy yust for the sake of
artifical menstruation  If mental deficency forms part of the syndrome
1t2s madvasable to induce sexual mataney  In boys testosterone propronate
25 mg 1. twice weekly 15 appropnate treatment which should be con-
unued as for other cases of ‘hypogonadism {desctibed on page 145)
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vith mental impatrment may complicate the bel pattern d
with sexual maturation

Organc cerebral disease causes true puberty in both sexes which are
equally affected Curiously enough pinealomas cause precocious puberty
only 1n boys Not all such tumours ate associated with precocity and
there 15 no evidence to suggest 2 direct endocrine mfluence of the pineal
This organ 15 not an endocrine gland and precoaity 1s due to the mvolve-
ment of the hypothalamus by the growth

In these cases the sexual maturation 15 an medent 1 a serious usually
fatal logical disease  The exception to this rule 1s the occurrence of
sexual precoaty 1n gils suffering from the rare bone discase polyostottc
fibrous dysplasia - Although the disorder of function can be located 1n the

hypothal: there 15 no recogmnzabl 1 leston of thus area
Precocious PSEUDQPUBERTY
Isosexual pseudopuberty 15 a rare disturbance mn guls the cause being an

ovaman tumour  Granulosa cell tumours secreting oestrogen are found
ustally m adults but 10 per cent of these growths occur in chuldren causing
P breast develop growth of fe body harr and 1rregu-
lar bleeding from an enlarged uterns ‘The very rare and mahgnant
h pithel causes pscudopuberty but kills within a year

In boys congenital adrenal virthism 15 the mast common cause of pre-
cocrous pseudopuberty more rarely an interstinal cell tumour of the
testss secreting androgens causes mntensive growth of male secondary sex
characters with the obvions physical sign of a tumour mn the scrotum
The tumour may be benign or malignant the unnary 17 ketosterord
excretion 15 extremely Ingh

Heterosexual precocity 1s usually adrenal in ongin as descnibed 1n the
appropnate section (see page 195)
Diacnosts

The possibility of mnduced p y should not be forg, as synthe-
tic oestrogens prescribed for mother may well be within the reach of an
mnqunng child whose expenmental eating wall result 1n breast hyper-
trophy with deep pigmentation of the mpples There are also two non-
endocrine conditions which simulate precocity 1n garls “The first 1diopathic
breast hypertrophy can occur at an early age 15 predommantly unilateral
and not assocated with other signs of The second congental
hypertrophy of the cltans may be due to vinlization of the mother
d}‘:ﬂn:g pregrancy but s not found with any endocrine disturbance of the
Cl
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(B} Psendopuberty
(1) Isosexual
(a) Gonadal  Gurls—Ovanan granulosa cell tumour
Boys—Testicular mterstitial cell tumour
(b) Adrenal Boys only—~Congental hyperplasia or tumour

{2} Heterosexual
Adrenal Guls—Vialzing tumour or hyperplasia
Boys—Femumzing tamour

Premature 1sosexual development 1s about three nimes more common
gils than an boys  The majonty of the female cases are examples of
bemgn constitutional precoaity a conditron which accounts for only .o
per cent of male cases It follows that precocious sex maturation m girls s
seldom due to a senons lesion but sexual precoaity in boys must be
considered with gravity

ConsTiTuTIONAL PRECOCIOUS PUBERTY

The term d 15 cumt and not expl y It
meant to describe the normal process of sexual maturation (1e true
puberty) which starts at an age which 15 defimely below the normal
average for the onset of puberty Hence the physiological mechanisms of
this type of puberty are perfectly normal but come mto action pre-
maturely The reason for this 13 quite obscure probably representing the
extreme 1n biological variation around the mean age for the normal onset
of puberty Ttus type of precocity 1s seen predormmantly in guls only
10 per cent of cases bemng male

Sexual development proceeds along normal Iimes but often at a rather
slow tempo  The growth of pubic hair and breasts 15 followed by the
appearance of axillary hair and menstruation  Somatic growth 1s also
aceelerated It s xmportant to reahze that ovulation will occur and con-
ception 15 possible although the general oudook of the pattent 1 sull

chuldlike

Lesions oF HYpoTHALAMUS

The importance of the hypothalamus i the onset of puberty has been

described already (see page 12) Lesons causmg sexual precocity affect the
1 1

postenor hypoth but the area mvolved 1s not sharply d as
sn diabetes msipidus - Severe logieal distutbances accompany the
sexual development n the case of basal menungans Tumours in this regron

will sooner or later cause mternal hydrocephalus  Cortieal destruction



CHAPTER IX
THE TESTIS

THE tests grows m embryo from the gemtal ndge adjacent to the
phros gradually d g as 1t becomes differennated untl 1t
Lies at the deep ngumal rmg by the seventh month of gestation At thus
tume the testis rapidly traverses the mgumnal canal to reach the scrotum
The mechanism of thrs descent 15 unknown and there 1s 1o evidence to
mdscate a primary hormonal sumulus
At birth the testicular tubules have a small lumen with many un-
diffe d cells m the encl wall Durmg childhood the cells of
the tubule diffe mto layers sper g are 1dentifiable but
mactive Tubular growth and maturation starts as puberty the mass of
the gland mcreases greatly hormonal production 1s amutiated and the
process ends with full spermatogenesis
e endocrme activty of the tests restdes m the connectivetissuewhich
with blood vessels and nerve fibres fills the space between the tubules
The cells responsible for b prod are the Leydig cells 1denti-
fiable by an accumulation of liptds during puberty The hormone pro-
duced 18 testosterone which mfluences the growth of male sex characters
and somatic develop Theh 1 bolzed probably by the
liver to 17 ketosterords which are excreted in the urine
Some oestrogen 1s produced by the testis probably by the Sertolt cells
which are large pyramdal cells attached to the mner surface of the base-
ment membrane of the tubule It 15 further suggested but by no means
proven that the tubules produce a hormone designated miubmn which
suppresses the secretion of pituitary gonadotrophns

CoNTROL OF TESTICULAR MATURATION
The anterior pitutary controls the cellular development hormone
production and spermatogenesis of the testis by the secretion of two
gonadotrophuc hormones  The mitiation of sexual maturation depends
on the gonadotrophun secretion at the time of puberty It 15 known that
gonadotrophuns are present 1 the anterior pitmtary for some ume prior
to therr release The exact ime for ther secretion and the consequent
onset of gonadal activity appears to be determmed by the hypothalamus
The gonadotrophuns are protemn 1 structure but although the two

39
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The early appearance of pubic hair m gurls 15 part of both 150~ and
heterosexual development Absence of breast hypertrophy and the
: of an enlarged clitons ind ); Ip confirmed
by the finding of excessive unnary 17 ketosteromds  Isosexual precocty
15 assocrated with breast growth and 15 usually of constitutional ongin
the Iikelhood of ths event increases as the age of the patient nears that of
normal pubescence  Organuc cerebral lesions are detectable by the assoa-
ated neurologscal abnormalites and the rare case of ovaran tumour 15
usually d bd P There 15 no ndication for
routme abdomnal laparotomy 1 cases of precocity

The distncnion of true from pseudopuberty in boys 1s made on examum-
ation of the testis which fails to develop m pseudopuberty A testicular
tumour must not be ken for normal enlarg of the tess Pre-
cocious truc puberty 15 vsually due to orgamic cerebral dseasc with s
attendant neurological signs

In both sexes the degree of somatic precocity as mdicated by senal

of height and radiological evidence of epiphyseal maturity
15 confirmatory evidence of the hormonal disturbance  Apart from the
fulness of 17 k d other hormonal assays are of

acadermc interest rather than a practical necessity

TREATMENT

Treatment obviously depends on the causauve lesion. Therapy for
adrenal varization of hoth sexes has been described already (page 105}
Tumours of the adremal gonad or m contact with the hypothalamus
must be removed 1f posaible

The wmstance of 1 precoaity requires na therapy
early sex development of this type 15 perfectly normal and of na conse
quence nadulthfe activaty usually ending with a late menopause  How=
ever the cluld s parents require firm guidance on the handling of sexual
precocty  Although adult emotions are not found organic sex matura-
tion gives nise ta an mereased eroticsm and often frequent masturbation
It must not be f that childssh expl of sexual actvity may
lead to pregnancy m a gul with precocious puberty The patents should
understand the essential normality of early puberty and not adopt 2
prudish atutude  Boarding schools ate on the whole not advisable for
the precocious chuld who 15 best supervised 1 the home by tolerant

pxmts
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when the larynx enlarges at puberty arc all signs of normal testosterone
secretion

In sts general metabolic action testosterone 15 a powerful sumulane of
protemn anabolism  Hence 1 the young 1t causes an mcrease 1 muscle
bulk with a rapid rate of upward growth Ths 15 curbed by an mcrease

on
Testosterone
o'
b
Androsterone
HO VA

Test cular Androgens

m the speed of eprphyseal closure It 15 obvious that a lack of testosterone
dunmng a phase of normal growth will result m poor muscle bulk and
eventual gigantism from delay 1 epiphyseal closure

Hypogonadism

As endocrime funcuion resides m the mterstitial tissue of the testis
failure of spermatogenesis as a sole lesion cannot be termed a vanety of
endocrine hypogonadism However full spermatogenesis 1s not possible
without normal endocrine function of the tests so that the demonstration
of sperm formation 1s proof of normal gonadal function

‘The normal gonad does not funcnon unnl puberty hence 1t 15 1llogacal
to diagnose hypogonadism pror to the age of sexual maturation  Of
course pathological lestons which will eventually cause hypogonadism
can be present at an early age  As a fatlure of sex maturation 1s so different
clmically from hypogonadism ansmg m a fully matured male 115 wise
to dustinguish puberal from adult hypogonadism The term puberal
hypogonadism includes testicular lesions present prior to puberty but 1t 15
preferred to the ty used term prepuberal hypogonadism which
mphies a disorder of function that 15 present at 2 tune when the normal
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hormones have their mdmdual chermcal properties ther structural
formulae are not known  However the action of each hormone 1s known
and determmes their nomenclature  Follicle stmulating hormone
(FSH) a name denved from 1ts acnon m the ovary promotes the
maturation of the tubule and spermatogenests  Lutemizing hormone
(LH) 1 the male more approprately called interstitnal celt stumulating
hormone ({CSH) 1s responstble for the develop and hormone
production of the Leydig cells The two gonadotrophins have a com-
plicated synergism the action of F S H bewng greatly enhanced by small
quantities of LE It 1s also probable that a certan amount of androgen
15 necessary for op ponse of the testes to gonadotroph

Two gonadotrophuns of ¢ y ongm have been used for ther
effect on the tests Chononie gonadotrophin produced by the human
placents muntcs the action of LH on the Levdig cells a gonadotrophun
prepared from pregnant mares serum has a weak effect on the tubules
but the intensity of its action 1s not comparable to FS H - and the hormone
15 strangly antgeme resulang m severe antibody reactions

Tuz AcTioN oF TESTOSTERONE

Anatormucally speakang the endocrine function of the tests 1s restriceed
to a few cells of the mterstitial tissue while the bulk of the organ 15 com-
posed of gametogeme ussue However the testosterone claborated by
these cells has a profound nfluence on the male body detetrmmng the
development of secondary sex characsers and influencing somatc growth.

Testosterone nstitutes and sustawns the pubertal growth of semmnal
vesicles prostate scrotum and perss  As a coroflary of this the volume
of the gaculate and erection of the pemss are dependent on adequate
testosterone I 1n adult bfe the male 15 deprived of testosterane atropluc
changes take place i the organs enumerated but these are seldom cluue-
ally obvions compared to the major signs of falure of penule erection and
gross dunmution 1n the volume of gjaculate

The effect of testosterone on the testrs wself appears to vary according
to the amount of b fable Small of are
necessary for full Lar growth and sp g Larger amounts
miubit spermatogenesss and very large amounts at the stage of puberty
miubie developmment of che tesus

The growth and mamntenance of male secondary sex characters are
controlled by testosterone The growth of axllary and pubic har with
165 charactenstc extension toward the umbilicus the bitemporal
of scalp hawr the grow th of facial haw and breaking of the male vorce
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During the years of adolescence the pattent 15 short for hus age because
lus contemporanics expenence the normal growth spurt of puberty
However growth continues 1n the absence of testosterone proceeding
throughout the twenttes until the patient may be exceptionally eall
with abrormally long arms and legs Radiography of the epiphyses
dicates greatly delayed closure The unfused epiphyses ace particularly
Iikely to slip ndeed a shpped epiphysis after the age of twenty 15 1n ttself
pathognomonic of hypogonadism

As wth other people eunuchords may be fat or thin  However those
who are thin appear asthemic because of poor musculature and those who
arefat accumulateadipose tissuearound the ups pubis and pectoralregion

The character of the eunochoid 1s timorous and retinng mamly due to
realization of hus physical abnormality but partly fromlackof testosterone
Often these patients seck advice for various neurotic symptoms rather
than for their gemital madequacy Lack of libido farlure of perule erec-
tons and absence of semunal flurd and spermatogenesis add to mfernlity
and impotence tm all severe cases

Incomplete fulure of Leydig cell function provides many grades of
eunuchoidism  In addition the sensitvity of tissues to androgen 1s
vanable as dllustrated by the differences 1n beard growth and body hair
seen 1 normal fernle men  Apprassat of maleness 1 any patent must
take these factors mto account

The most mteresting type of partial hypogonadism 1s that found with
hyalnzation of the tubules and apparent hstological normality of the
Leydig cells T prod 15 onl; derately umpaired as
Judged by the degree of sexual development but gynaecomastia s present
and the urmary of gonadotrophuns 15 d to the hugh level
assocuted with total testicular destruction  This chmecal prcture has been
designated Klinefelter s syndrome after the author who first descrbed 1t
but the dignity of » syndrome 1s not merited by 2 disturbance whch 15
merely a grade of hypogonadism Indeed all grades of eunuchordism
occur the severe grade 15 not assocated with gymaccomasta while
palpable breast tissue 15 not mfrequently seen with the lesser grades
M d, of and 10 a severely affected eunuchord
may be followed by partral growth of secondary sex characters and the
appearance of gynaecomastia

Adult Hypogonadisns
Regression of fully developed male sex characters 15 only parttal if the
testes are destroyed or removed or 1f gomadotrophin secretion fals
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testis haso function  The clinscal picture of hypogonadistn can be teemed
cunuchowdism reserving the name cunuch for those who have experienced
surgical castration Hypogonadism can be classified as follows

TesTiCULAR FAILURE — HYPOGONADISM

A Primary Testicular Leston {Hypergonadotrophic)
(1) Predomunantly Tubular
(2) Predomunantly Leydig Cell
(a) Congenutal — agenesis
maturation agrest
(6) Acqured — actiology usually unknown
speatfic fevers
mumps orchutis (only at puberty or later)
Orchudectomy
B Primary Pawtary (or hypothalanuc) Lesion (Hypogonadotrophic)
(1) Part of total prtwtary faslure
(2) Selective failure of gonadotrophin secretion
(3} Suppression of gonadotrophin secretion
(2) Chronic debilitating disease or malnutrition
(8) Hormonal — oestrogens m excess
androgens 1n cxcess

CrmicAr PicTure

Puberal Hypogonadism
Puberal testicular falure 1s far more common than the adult vanety

although many of tts victims do not seck medical aid until they are adult
m years The degree of Leydig cell faslure vanes  If the falure to secrete
testosterone 15 complete the patient preserves a chuldhke look mnto Ins
later years The testes never enlarge and may not even be palpable in the
scrotum which remains small The penss fails to enlarge from ats pre-
puberal size and erections do not occur At the most a few fine hairs
spread sparscly over the pubic under the mfluence of adrenal androgen
are the only evidence of body hair  The scalp hair extends 1 a straight
ine across the frontal area without the hitemporal recession charac-
tersuc of the normal adult male  The face remamns harrless and retamns
the fine textured skun of the child together wath a pallor which fails to
vurn brown under sunlight As the years advance very fine wrnkbng or
crow s feet surround the eyes and often appear around the upper lip

at the nasolabual fold
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mstances of sexual infantlism are not due to pnmary endocrine disease
but to mhibstion of gonadatrophuc secretion by some prolonged ilness
Malrutntion esther dietetic or from malabsorption, plays a large part 1n
the aetology of thus condinon but chrome infections cyanotic congenutal
heart disease or chrome renal fulure may delay sexual development.
The presence of such diseases or the past history of chrontc illness often
explains hypogonadism of ptutary ongin  Lé&ss common 15 a selectve
falure of gonadotrophin secretion with othermise mormal pitwitary
functions Such a diagnosis can only be confirmed by assay of the unine
for 1ts content of FSH or the admmustranon of chonomic gonado-
trophun, which will result n an mcreased 17 ketosterond excretion and the
secretton of androgen, as judged by penile and secondary sex character
maturation The distincnion of such lestons from pnmary testicular
falure  when the gonadotrophin content of the unne 15 excessively
Tugh and there 15 no response to myected chonomc gonadotrophin 1s not
1 forabl

essental to for which androg; 15 p
both types of hypogonadism

The adult may present with a puberal fallure of maturation or with
): dism ansing ma p ly normal matured male In the latter

YPog

case atrophy of secondary sex characters 1s not an early sign loss of
libido and failure of pele erection 15 the mam complant  Hypogonadism
must therefore be disinguished from other causes of impotence evidence
of normal spermatogenesis and volume of ejaculate precludes 2 dagnosis
of hypogonadism. Primary testicular lesions are evident on palpanon
and lesions secondary to pitwitary fatlure are found i the presence of severe
putwtary disease This does not mean that panhypoprtwitartsm 1s present
for the commonest lesion 15 the chromophobe adenoma of pitwtary

causing vasual disturt and hyp d Other cond may
minbit gonadotrophic secretion by an excess of curculatng oestrogen
The ad of sulb 1 for prostatic 1 a clear

example of medically induced testscular falure  Carthosts of the Liver
when hepatic mactrvation of natural cestrogen 1s mefficient causes breast
enlargement and testicular atrophy Lastly haemochromatosis 15 fre-
quently assoctated with hypogonadism exther because of fibrosis of the
testis or currhosis of the liver

TREATMENT
Androgen replacement therapy 15 very effective n terms of sex develop-

ment and vinlity but the prognoss 1 terms of fertility 1s extremely poor
Assessment for therapy depends on the age of the patent, the degree
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Dimunution of testicular size 15 apparent and the shape and feel of the
testis may reveal a causative pathological leston  Facial and body haie
remans but the rate of beard growth diminishes  Many months fater
beard growth may cease and body hair becomes scanty but this 1s usually
1 assocution with panhypopituitansm rather than prmary testicular
falure Penile size seldom dummshes but erections do not occur and the
volume of gjaculate becomes munute  Libido and potency often fal but
are sometimes retaned after castration contrary to the precepts of the
harem A feeling of languor and loss of muscular strength are assocuted
with the d hed androgen prod

Diacrosis

With puberal lesions the degree of far and sexual develop
15 obvious on mspection but the necessity for treatment and the proguoss
demand recognition of the causative leston  In younger patients {13-15
years old) the d of hypogonadism 15 because of the
vananon m time of onset for normal puberty A physiological delay i
puberty may be present up to the 16th year the subsequent sex develop~
ment bemg normal which should make the physictan chary of hormonal
therapy before the age of fifteen years However the boy whosnotm
puberry at the average age for normality 15 exposed to the ndicule of hus
compamons which 15 Iikely to myure hus socal adjustment  For this
reason a very defayed puberty should be treated as transient hypogonad-
1sm rather than left alone for nature to take sts dilatory course

The diagnosts of primary testicular farlure 15 obvious 1f the testes have
been removed by surgery or trauma A testes [ymg withun the sac of an
ingwmnal hernia 15 most hikely to be the victim of surgical repatr m child-
hood The absence of testes from the scrotum or from anv palpable
position 1n the wgunal region presupposes a testicular defect probably
ageness Primary atrophy of scrotal testes whatever the cause 15 evident
on palpating munute hard organs as compared to the softer bean-shap d
testes which have faled to mature The presence of gynaccomastia 1n
assoctatton with eunuchoidism points to a testicular fesion  ‘The famuly
Tustory should also be investigated for arrest of testicular maturation may
be congental and present 1n more than one siblng

Hypogonadism may be part of panhypoprwtansm i which case the
diagnosss 1s clear from the assocuted signs  This condition 1s very rare
compared to the large groups of sexual nfs lism 1n whach hypogonad:
ssm 1s assocrated with small stature  OF course some degree of growth
fahure 15 directly due to the absence of testicular androgens  Many
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paration (testosterone phenyl propionate 50 mg every 3 to 4 weeks)
or methy] testosterone tablets The chorce depends largely on the patient s
preference and the convemence of the method Large mitial doses are
not indicated for patients below the age of 18 years

A granfymg advance m emotional and socual stability usually accom-
pames the physical changes mnduced by testosterone but those patients
who ate mentally feeble as well as hypogonadal may exhubit erotiism
and antisocial behaviour if treated wath large doses of androgen  For thus
reason the speed of physical development desirable must be judged n the
ight of the patient s intellgence

ful therapy for hotdism 15 often d by the pauent s

request for advice on marrtage  He should be told that a full sex Ife 15
possble with contnued therapy but fernbity 15 extremely unbikely
A frank discussion with the fiancée 15 an advantage which may pave the
way for a successful marmage and adoption of cluldren It 15 important
to reahize that spermatogenesis may occur m rare mstances ether as
a very late natural event or perhaps induced by androgen  Although this
15 2 great ranty 1t should be allowed for by pronounang the pattent s
fertility to be an unlikely rather than an 1mpossible fact If conception
does mdeed take place when the husband has been told authoritatively
of hus mabihity to concerve the natural reaction 15 to accuse an mnocent
wife of mfidelity

2]l

Cryptorchidism

Failure of testicular descent 15 not spectfically an endocrine problem
Indeed 1t 15 the opinion of some surgeons that hormonal therapy is never
mdrcated although there 15 good exp 1 and chnical evidence of
descent mduced by ch gonadotrophn (; king the g
hormone of the pituttary) True cryptorchidism must be diffe d
from scrotal testes which are retracule by the action of the cremasteric
muscle mto the mgumnal region A warm exammmg hand and gentle
downward manpulation wall reyeal the retractile tesns It 1 also true that
testicular descent occurs spontancously after buth  The madence of
cryptorchdism at burth has been estumated as 10 per cent at puberty 1t 1s
2 per cent and 1 manhood about 0 2 per cent Therefore the chance of
spontaneous descent 15 high and any endocnine therapy may have been
assocrated with 2 natural cure

Imperfect descent 15 associated with halateral abdominal testes bilateral
ingumal testes or ectoprc testes exther untateral or bilateral In the first
wnstance no testicular tssue s palpable m fact the organ may be agenetic
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of skeletal matunty as revealed by radiography of the epiphyses, and the
type of testicular leston - Androgen therapy before the age of 14 years 1s
quite unwarranted m terms of hypogonadism, but 15 essential after the
age of 20 years If development 15 proceeding when the patient presents
between the ages of 14 and 20 years 1t 15 wase to obsery ¢ natural maturation
over a pertod of six months 1o gange the necessity for therapy Bone
age s only of importance in younger patients sustable for treatment when
some assessment can be made of the possible degree of skeletal growth
prior to closure of the epip} under the nfl f ad d
testosterone  Obwviously the short boy with little delay m epiphyseal
closure 15 Iikely to remam stunted 1f Targe doses of testosterone are given.
Patients with chronic illness require treatment of the causauve lesion
rather than of the i hyp d And therapy 1 only
an adjunct 1n these arcamstances and should not be used to excuse
a falure of diagnosis In cases of delayed puberty or prtwtary infanthsm
not associated wth other lesions choronuc gonadotrophun 15 the logrcal
treatment m doses of 500 1u mjected twice or thrce weekly The
t o p by this means 15 often suboptimal
and good results may be obtaned by the use of small doses of testo-
sterone alone  Enlargement of the testes on testosterone therapy mdicates
the onset of spontancous development whereupon hormone therapy
can be discontinued  On the other hand eunuchodism . the adult
should be treated tially with large doses of testosterone smalfer doses
for mamtenance bemg given when sexual maturanon has been achiesed

y s never dj hed but wcreased by androgen
therapy
The choice of available prey 15 wide
propionate 25 mg wmyected intramuscularly twice weekly 15 roughly
le to methyl absorbed subl Ity m a duly dose

of !;-25 mg Long acting esters of testosterone ot the mjection of 2
mcrocrystaline suspension cuts down the number of myections required
for adequate therapy Impl, of pellets n the sub-
cutaneous nssuc of the abdommal wall provides a long-term therapy
which requires renewal every 6-9 manths Bach 100 mg pellet prowvides
roughly the same androgen per day as 10 mg testosterone propionate
smpected twice weekly

Trutial therapy 15 pronided best by testosterone propsonate so mg
twice or thnce weekly Methyl testosterone so mg dady sublingually
produces about the same effect. Mamntenance therapy should be con~
ducted with mmplantanons the use of a long-acung ntramuscular pre-
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of chonome gonadotrophin  In many the unnary exerenon of this
hormone 15 as marked as 1n normal pregnancy and can be assayed casily
by the routme pregnancy tests Oestrogen may also be seercted some
degree of gy bemng quite The Leydig cells of the
testis opposite to the tumour may become hyperplastic 1n response to the
excessive gonadotrophic samulus

Interstutial or Leydig Cell Tumonr

This androgen-producng tumour has usually been found mn prepuberal
boys grving nise to precoctous sex development (see page 135) Spermato-
genesis does nct occur ‘The tumour 15 usually palPablc but by no means
abwrays easy to diagnose on palpating the testis 171}
have shown results varymg from relatively enormous amounts for a
chuld to a muumal merease  The diagnosis 1n distinenon from adrenal

-pendent on the enlarg, of the testis and the 1dentifica~

tion of the tumour

Sertel Cell Tumour

Thus 15 the rarest of all giving nse to gynaecomastia and recession of male
characters because of its capacity to secrete oestrogen The fact that 2
tumour of Sertoh cells can produce oestrogen 1s the mam reason for
suggestng that these cells secrete oestrogen as a normal functon It
appears to be a tumour of adult hfe but there 15 not enough data available
to be more dogmatic
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and any form of treatment 15 of no aval In the second spontaneous
descent may occur butn the third the ectopic poston prevents normal
descent and surgical interference 15 mdicated

A testis retained above the scrotum appears to be unharmed untl the
age of puberty  After that ttime  the tubules degenerate rapidly although
Leydig cell function 1s usually normal Some authonties mantam tha
the degeneranve process 15 mitiated 1 early childhood but mo ¢ argue
that treatment of any kind should be left until the age of 10 years buton
1o account should be delayed unal signs of puberty are psesent

The physicran 15 faced wath the problem of the correct treatment when
spontancous testicular descent has not occurred by the age of 10 years
Unilateral mald the opposite testis beang well down 1n the scrotum,
indicates an ectopic posion requnng surgery  Bilateral cryptorchudism
with testes palpable i the mgumal canal responds well to chorome
gonadotrophin It may be argued that spontaneous descent would have
occurred but the extremely poor prognosss for fertility «f nothung 1s done
and puberty starts, warrants a prel y tral of gonadotrophn followed
by surgery 1f descent 15 not obtamed

Chonome gonadotrophin 50011 mjected intramuscularly three times
a weck for 24-36 mjections provides an adequate course If descent occurs
during therapy the mjections may be stopped The mduced seccetion of
testosterone by the testis 15 revealed by a spust in upward growth and
penile develop with the app ¢ of pubic hair If these signs are
present without descent of the te tes surgery 15 idicated immedately
Absence of sex develop Justafies pro) of hormone therapy
Excessive pentle growth wath troubl priapism 15 an ind to
stop therapy or to alter the frequency of mjection to s001u once a week.

‘When no testicular tissue 15 palpable the prognosis 15 poor A viable
scrotal testns 15 unbkely to result from surgery and hormone therapy
an aself 1s meffective The best course 15 to give chorome gonadotrophun
which may result in the testis becormng palpable and then proceeding to
surgical mtervention The late results of swrgery are not encouraging
from the pomnt of view of fertility

‘Tuvours oF TEsts witit ENDOCRINE FUNCTION
With the exception of teratomas which seldom cause chcal evidence
of hormonal disturbance funcnonng tumours ate of the utmost tanty

toma
T";fh‘;:; growths usually found m voung adults secrete varuable quannties
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When the menstrual cycle 1s established the rate of oestrogen secretion
mncreases from the time of menstruation to reach 2 peak at the time of
ovulaon. Dunng this phase the hormone causes proliferanve changes
m the endometrium which becomes much thicker and hyperacmrc.
Subsequent changes to a secretory endometrtum are dependent on
progesterone In the second half of the menstrual cycle oestrogen secre-
ton which dimmishes sharply aftcx ovulmon, mereases to reach a second
peak yust prior to of dunng the
first half of a normal menstrual Cyclc mhubits ovulation and delays the
onset of menstruation  However no change 1s observed 1f oestrogens are
given only during the second half of the cycle

Oestrogen ad d to an ovar d woman causes probfe
ave devel of the end which will become polypord
hyperplasia f the dose 15 high enough Dunng continuous oestrogen
therapy there will be mtermuttent bleeding from the endometrium when
proliferation has taken place However 1f therapy 1s stopped considerable
utenne bleeding occurs within a few days cychcal therapy 1s follow ed by
regular bleeding on withdrawal of cestrogen  The effect of oestrogen on

utenne bleeding 15 probably due to spasm of the spiral artertes wath sub-




CHAPTER X

THE OVARY

itk anatomy and pathology of the female gental tract lies m the province
of gynaccologrcal textbooks to which this chapter 1s a supplement not 2
substitute ‘This section sllustrates the controlling and mitegeating function
of the endocrine system on the structural changes which proceed through
puberty to the establisk ofa 1 cycle and cnl m preg
nancy Apars from its gametogeme function the ovary, as an endocrne
organ induces maturation of the accessory sex organs and secondary sex
charactensnes and creates the physofogical environment required for
pregnancy

The endocnne actvity of the ovary starts at puberty and ceases at the
menopause  Throughout 1ts actuve Ife 1t sccretes two ey pes of hormone
oestrogenuc and progestational which mn thetr phasic secretion are respon-
sible for the hly prep of the end for preg: A
true menstrinal cycle must mclnde ovl a3 well as the end 1
changes Fadure of conception 15 followed by the breakdown of the
prepated endometrium at menstruation descubed by Hippocrates as
the bloody tears of a disappomnted uterus

OESTROGENS

Physiology
Oestrogens 30 called from their power to nduce oesteus m castrated

ammals are secreted by the granulosa cells which surround the npenug
folsele  Although ovanan oestrogens are of prime importance the adrenal

cortex contributes some gen and during pregnancy the placenta s a
rich souree of these hormones
O nduce and the of Mufleran duct

denvatves secondary tex characters and the breast They also have 2
general metabolie effect causmg retennon of mitrogen ealowum sodrum
and water m this ¢hey arc less potent than androgens More speafic
to sex function 1s the moulding of the skeleton and the deposition of sub-
cutaneous fat an feminme sites under the mfluence of oestrogen which
also affects epiphyseal closure  Pubertal growth of vulva vagna uterus

Hed b The growth of axillary

and fallopran tubes 15 ¢ y 2
and pubic hair 15 nat solely controlled by thus hormone and 1 mfvenced

strongly by adrenal androgen

150
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‘The potency of gens has been compared 1 women by d g
the dose required to reach the threshold level for utermne bleedmg the
results are approxumately correct for other physiological effects The
effect of stilboestrol 1 mg 15 equalled by 0 05 mg of ethinyl oestradiol or
4 mg of d 1 The equsvalent daily Jar dose 15 about
o5 mg of oestradiol benzoate A low dose of oestrogen 15 mn the range
of 01-10 mg a moderate dose 1-3 mg and a lugh dose §-15 mg of
sulboestrol daly (or the equivalent tn other oestrogens)

PROGESTINS
Physwology
C

ipared to gens prog 1 hormones have a humted field
of action affecting the breast and preparing an already oestnmzed endo-
metrium for p y If progestin 15 ad d m the presence of
oestrogen the endometrium 15 converted from the prolferatrve to the
secretory phase bleeding occurs when progestin dosage 1> stopped  In the
absence of oestrogen progestn has no effect on the endomettium and
there 1s no bleeding when therapy stops Thus a short course of progestn
can be used as a rough assay of the panents endogenous oestrogen
production  If utenne bleedmg appears after the course one can infer
that oestrogen secretion was present

Lutemized theca cells of the corpus luteum secrete progestn In
pregnancy the placenta provides a nich source of this hormone The
adrenal cortex may also secrete progestational compounds for proges-
terone 15 a key substance m the biosynthesis of adrenal sterods

Chensstry

The progestational compound of the ovary has been 1dentified as
progesterone  The metabolic pathways of this hormone are sull obscure
but great attention has been pard to the urnary excretion of pregnanediol
which 15 certamnly a metabolite of progesterone but only accounts for
about 15 per cent of the parent hormone  As pregnanediol ss also excreted
1n cases of adrenal vinlism due to a disorder of brosynthesis relating to
prog [ bolite 15 an gude to ovanan proges-
terone production 'The progressive mncrease 1 the excretion of preg-
nanediol as pregnancy advances reflects placental function

Progesterone 15 available for implantation 1 pellet form or m ody

solutton for intramuscular mjection When given by mouth st 1s almost

mactive but the synthetc prog 1 compound ett {ethmyl

testosteronce) 1 sutable for oral wse  Companson of potency mdicates
L
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sequent breakdown of the endometnum  However, the bleeding 15 not
sumply the result of a falling oestrogen concentration as 1t can be stopped
by a rapid nse i circvlanng gen. A co ph ¥ bypo-
thesis 15 the concept of a threshold level of g a
which bleeding occurs only to cease af the concentration of hormone 1
ratsed above or falls below the threshold “Thus one may cause utenne
hacmorthage by stoppmg gen ad or stap the haemor
rhage by grving oestrogen
None of these observations are strictly applicable to normal menstrua
tion 1 which bleeding occurs from a secretory endometriom Certainly
oestrogen secretion dumunushes rapidly at the time of menstruation, but the
actual shedding of the end tium probably depends ona subr.lc‘ mter
i

play of progestin and oestrogen conc; or on the of
these hormones
Chemstry

O can be classified as Hy occurnng parnally synthetc

3
or synthetic  The natural hormones of the ovary are ocstradiol oestraol
and frol ectible with oestriol from whick
1 formed oestrone  ‘The comparative potency of these three hormones
varies according to the method of admmustration and the type of assay
by any test oestradiol 1s the most potent  All three oestrogens are mact=
vated by conqugation in the hver and subsequently excreted n the unne
The role of the hver has chmical smportance 1n that signs of hypee~
oestrimasm may be found m chronte hepatic dusease

Natural oestrogens were very costly for therapeutic use and mactive on
oral admmstration  Hence the discovery of synthetic non-steroid oestro-
gens denved from sulbene proved a major advance bemng of low cost
and fully potent when given by mouth  Diethylsulboestrol 1s the best
known of these compounds but its potency has been greatly exceeded
by the more recently prepared parnally synch pound ethinyl
oestradiol The main tovic effect of these compounds 15 nausea and
vomting The ratio of therapeutic to toxic dose vanes with the com-
pound stlboestrol being far more Iikely to cause vomsting than ethinyl
oestradiol which 1 tum 1s rather more tovic than dienoestrol ftisa
cunous fact that pregnant women can colerate very large doses without
wouc effect  The efficacy of oral admuusteation makes patenteral therapy
unnecessary unless the pattent 1s partreularly sensitive to the tovic effects
oforal oestrogen  Under these cxrcumstances oestradiol benzoate (estenfi-
cation delays absorption) should be given by meramuscular myection
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pause as the physiological acuvity of the ovaries 1s confined to the period
between these two events The chimcal picture of hypogonadsm 15
determined by the age at which farlure of functon occurs  Maturation
13 arrested by early farllure but late faulure 15 assocrated with changes alan

to the normal menopause

SEXUAL INFANTILISM

The persistence of amenorthoea neuter body contours and mfantle
genutal tract together with the absence of breast development and scanty
body harr ndicate sexual mfantilism. The physical sugmata are assoctated
with sbsent Itbido and emonional immatunty  The causes are

Gonadal lesions — Agenests
Maturation arrest
Bilateral oophorectomy

Delayed puberty (without functional disturbance)

Pitwtary lestons — Panhypopitutansm
Selective gonadotrophun defictency
Malnutntion
Chronte iflness

‘The rare causes gonadal agenesis and panhypopituitarism, are important
because of their prognostic sigmficance  Absolute stenhity and perma-
nently short stature are the inevitable consequence of gonadal agenests
panhypopitwtarssm indicates a severely disturbed metabolism possibly
with 2 space filhng leston 1n the area of the pintary  The essential points
of these syndromes have been discussed in the appropmate sections
(page 133 and page 30)

Duagnosis 1 the majonty of cases poses three questons 15 thus delayed
puberty 1s this gonadotrophic or 15 1t ovanan falure Chromc allness
or malnutnition 15 apparent chmcally short stature bemg 2 common
accompamment (see actiology of dwarfism and male hypogonad
page 28 and page 14.) It 15 sometimes easy to overlook steatorrhoea
or madequate food mtake as m mild anorexa nervosa Hypothyrordism
can also present as delayed sexual development 1 the absence of clear
general stigmata - Severe iliness in childhood may retard develop for
ashort while leaving the patient matusing at 2 normalrate but consistently
belund her eontemporarses so that there 15 a physiologecal delay m the
onset of puberty In perfectly normal gals there 15 2 wide range for the
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that 6 mg of cthusterone by mouth 3 equivalent appromately to 1 2§
afnyected progesterone

OvaRAN-PITUTTARY INTERACTION

The menstrual cyele 15 governed by a sequence of teacuions betoeen
the ovary and antenor pinwtary, with an overall control from the hypo-
unalamus For some nme prot to pubesty gonadotrophuns are elaborated
by the pitwitary but not released annl hypothalamic summulasion mtiates
sex development Dunng adult 1ufe abrupt cessanion of menstruanon 3
often, assoctated with emononal disturbanee {re 3s 38 eatly ngn
anorewss nervosa) probsbly due to hypothalamue mterference Wb
prtuutary function

The prruitary tafluences the ovary by the secredon of three dustict
gonadotrophins  Fothele tating b (FSH) causes growth
of the ovanan follicle with npenmg of the granviosa cells and thecs
meema Lutenizing hormone (L H ) causes growth of the corpus Tutewss
and cholesterol storage wathin st Ovanan houmone production tequires 3
mysture of FS H and L H for oestrogen secretion and a mixure of LH
and luteotrophin. (probably idennal with prolactin) for progesterons
seccetion Synergusm 15 demonstrated by follscular growth m whic
staff amounts of L H greatly enbance the action of FSH

At the beginning of 2 menstrual cydle oestrogen stmulates releasc of
F§ H whch together with L H snereases the rate of oestrogen sectendt
As the concentrarion of OESIIORED 1SES the autput of FSH 15 dcprcsscd
until the rano of FS H/LH changes i favour of LE At some crocd
moment 1 this changng tano ovilation occurs m response 10 the
gonadotrophic sumulus The developing corpus futeum snmulated by
L H and Iutcotrophin secretes progesterone at s ineIeasng raee and dhus
suppresses the output of B S H antd the FS H /L H rano s shafted back
n favour of ESH Yt will be noted that oessrogen according to 1S
concentranon can sumulate and depress FSH secretion on fugh dosage
1t also wminbsts oyulanon by dutuhing the enpeal FSHJLH rano
required It has hittle effect on LH 1 contrast to sndrogen which
suppresses L H rather than F § H secretion Thus the use of androgente
it gonadotrophm secretion ML WOMeER canl be of only hmuted use
other aspects of 1ts action depending on antag; action on
1he target organ
Femare HYroGONADISM

A dugnoss of hypogenadism can be made only m patients who are
over the normal age for puberty and vndes the normal age for the meno-
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and secondary sex characters have advanced well towards matunty the
dose of oestrogen should be reduced to the lowest level which causes
withdrawal bleeding Some authonties prefer to add ethsterone 10-20
mg datly for the last 7-10 days of oestrogen adsmumstration, thus mumck-
1ng true ovarian function. Such a combuned course 1s more phystological
than oestrogen given alone but the induced bleeding 15 stll arnficial and
sterthity stll present The great value of treatment lies m the physical
maturation to womanhood, coupled with a deepening of the emotions

which will sustain 2 normal marnied life with satisfactory sexual mnter-
course ‘When adequate matunty has been reached there 15 no pownt in
contmung therapy purely for the sake of cyclical uterine bleeding Al
treatment should be stopped for a few months mcaseaspontaneousnatural
menstrual cycle will develop It 15 most Iikely that thus wll not be the

case so that resumption of treatment 15 based on the need f any to

mamtamn the matunty of the body The panent should be aware of the

ments and hrts of therapy knowang, that no harm results from amenor-

thoez and realizing the almost certam condition of sterthty  Of course

these facts should be communicated wath sympathy only when the final

prognosis becomes apparent

Apurt HYPoGoNADISM
Abrupt cessation of ovaman acuwity 15 commonly due to surgical or

radiation and 1s followed by symp 1 the majonty of cases
Hot flushes are frequent and dustressing the lower gemutal tract atrophies
leading to dysp Stmular symp are exp d by panents
who undergo a p an event usually

assocated with a late menarche  Ovanan fauce secondary to lestons of
the antenior pituttary 15 accompanued by genstal tract atrophy but hot
flushes do not occur indicating that this bility 15 d
with a nising titre of gonadotrophms rather than a d k
secretion.

The physlogical ovanan fadure of 2 normal menopause 15 a gradual
process whach 35 without all effects i the majonty of patents  Some
women, obedient to folklore msst that 2 varicty of symptoms are neces-
saryatthe change but the basis of thetr complaint 1s neurotic rather than
endocrine A few patients suffer symptoms rclated to ovanan falure or
the additional disturbance of some facial hursutes with recesston of scalp
harr  probably caused by adrenal androgens unopposed by ovanan

g ¢ same mech by 1 the chitons can produce
mereased hibido during the menopause

8
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age at which pubetty starts an onset later than the average 1 termed
delayed puberty although it 15 2 physiclogical ph within the
vartation of normality A fifteen-year-old gurl of normal stature whoss
perfectly healthy apart from the absence of sex maturation 15 Ikely to be
an example of delayed puberty especally af there 15 2 fumuly hstory of
suchanevent The probability of ths diagnosis thes as the patient s
age mcreases In doubtful cases 2 51 to mne-month penod of observation
15 the best test of dugnosis avosding the unnecessary usc of endactine
therapy
The alternative diagnosis to delayed puberty euher physiological ot
from chronic sliness 1s that of arrested ovaran development The
disnction between primary ovaman arrest or lack of gonadotrophec
stimulus 15 mamly academuc the chimcal picture bemg one of sexu
mfanuhism m the absence of 2 demonstrable cause or assocusted disease
The urmary gonadotrophin content 15 high in cases of primary ovartan
fulure and zeroan selective fulure of gonadotrophn secretion There s
no ready explanation for the curious fact that the anterior piruitary can be
normal 1 all functions except gonadotrophun secretion 1t may be that
present tests of function are t0o crude to deteet munor deficiencies tn the
secretion of othet traphac hormones  The only cliucal disticnon between
hyper- and hypogonadotrophic infantlism 1 applicable to the group of
cases rather than the mdividual patient a slender body with a heghe
below average and complete absence of body hair suggests gonado-
trophn deficiency compared to a normal hesght and scanty pubic hair 1n
prmary ovanan fadure In both types epiphyseal dosure i delayed
but seldom to the degree n male hods In consequence
hotdal 15 very rare although the imb length 15 greater

818
than normal

‘TREATMENT

A delaved normal puberty requires no treatment  Chrome sliness
assoctated with sexual mfantilism requires therapy spectfic for the condi-
fion although endocrine treatment may be considered as an adjuyant
Rep therapy with 3s mdicated fot ovaran falure even
1f endogenous gonadotrophuns are present because the available prepara~
nons of gonadotrophins are so factory An imtial dose of stl~
boestrol 2-5 mg datly (or 1ts equvalent) should be given for two months
and then continued 1 cyeles of three weeks w;d} an interverung week

1 '

free from therapy  As sexual d P P frawal bleeding
will oceur at the end of each course of oestrogen When the gemtal tract
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common 1n young women whose menstrual rhythm has never been
firmly established Some degree of hypogonadism 1s a common accom-
pamment and cyclical therapy provides a reasonable chance of 2 normal
menstrual thythm asserung 1eself at a later date  The same considerations
apply to very urregular scanty periods n this age group However a
Temient view should always be taken of such mensteval wregulanties ma
healthy girl below the age of 20 years observation taking the place of
treatment as a spontaneous evolution of a more stable menstrual cycle 1s
very likely to occur

A suitable form of cyclical therapy 1s the daily admimistration of stl-
boestrol 2 mg for three weeks adding ethisterone 20 mg daly dunng
the last week  Withdrawal bleeding will occur 1n the succeeding week
free of treatment and the cycle 15 then repeated  Absence of withdrawal
bleeding after the first or second course of treatment 1s of no concern
Therapy should be contmued unul a regular cycle 15 present If the
haemorrhage 15 excessive the dose for the next cycle should be reduced to
half that of the ongmal course  After three or four months of regular
controlled bleeding therapy 15 stopped altogether to allow 2 natural
menstrual cycle to arse I thus does not occur within six months the whale
treatment may be repeated but any evidence of spontaneous menstrua-
tion however uregular should be taken as an excellent sign which should
not be obscured by more exogenous hormone

Hypothyroidism has been noted as a course of deficient sex maturation
which will of course be d with hoea or olig: hy
1 the milder grades  Such menstrual irregulanties may occur m patients
whose appearance 15 vagucly suggesuve of hypothyroidism but no

q 1 clincal or bochy 1 evidence of thyroid deficiency can be

found ‘The empirical use of thyroid extract gr . dady in these patents
often proves effective

An abrupt cessanon of a previously established menstrual cycle may be
due to emotional factors or change mn environment probably medrated
by the hypothalamus Menstruatton 1s often resumed after exammanon
and reassurance Hormone therapy 1s not mndicated immediately but
persistence of the amenorrhoea should be treated with cyclical oestrogen
and progestn for two or threc courses only

Tt s worth remembering that a rough guide to the endogenous oestro~
gen production i cases of: thoea 1s the ad of eth
20-40 mg daly for five days If bleeding results then endogenous

oestrogen 15 present but if there 1s no hacmorrhage oestrogen deficiency
can be inferred
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TREATMENT

Castranon should be followed diately by the ad of
oestrogen {with the obvious exception of oophorectomy to relieve
carcnoma of the breast or endometriosts) which 15 also mdicated at the
menopause for hot flushes or vaginal atrophy A low dose, 01 mg 1o
10 mg sulboestrol duly 15 all that 15 requred symptoms persistng at
thus level of dosage are not directly refated to ovatun fulure Largee
doses of oestrogen ate both unnecessary and harmful, causing a bloated
feeling and recurrent utenne bleeding A subtle danger i the dismussal of
blecding from 2 uterine as merely tesultng from the 5
which the patent 1s receiving - Even the recommended dose of oestrogen
can cause uterme bleeding 1n some patients so that 1t 18 wise to allow one
week free of therapy i every six There 15 no advantage m the vse of
oestrogen-androgen muxtures or i the additon of progesteronc  The

ipl <} ¢ al at the pause should not be

1gnored for they are a remnder that hormone therapy cannot replace the
understanding and gwidance of a wise physician

Amenorrhoea

Amenorthoea etther primary or secondary 1s 2 matter for full clmeal
apprasal Endocrine therapy should never be employed as a substitute for
diagnoss  Moreover there 15 no avalable therapy which mduces 2
natural menstrual cycle At the best the normal cyclical changes m the
endometrium can be induced by oestrogen and progestin i the hope
a physiological menstrual cycle will begmn when therapy stops

Primary amenorrhoes without an anatomieal lesion mav be assoctated
with sexual infantihism or with normal maturation  In the former instance
dragnosis and treatment 1s related to fature of sex development m the
latter the uterus 15 wsually refractory to the action of normal ovanan
secetion and unhkely to respond to exogenous hormones There 15 an
outsde chance that cyclical oestrogen therapy at a level of 2-5 mg
stilboestrol darly for three weeks followed by 2 week without treatment
may result 1n sensitization of the uterus to endogenous hormones allow-
1ng a natural menstrual cycle to cvolve after therapy A foll tnal of this
regime would cover about six months falure to establish spontancous

after this ime 1nd that further 15 not worth-

while There 15 no pomt m giving aruficsal withdrawal bleeding purely
for the sake of the haemorrhage The panent must be properly assured
that no harm wh results from hoea atself

Secondary amenorrhoea not due to pregnancy or organuc disease 1
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mugrame ¢plepsy or endog dep 1 bated during the
P Iphase A accomp of their symp 1ssale
and water retention leading to frank ocdema  The endoctine basis for the
disturbance 15 obscure no gross abnormahty beng demonstrable but
there 15 a suggestion of smpatred prog prod

However vague the aetiology the symptoms ase a heavy burden to the
patient Luckily therapy 1s often effective even 1f empirical Restnction
of salt mtake and the admnsstration of ammonium chlonde dunng the
Tast balf of the 1 cycle may be ful without other
It 15 more effective to combme thus routine with the admmistration of
ethusterone 10-20 mg daily over the same period of time

Ovarian Virilism

The normal ovary does not secrete a significant amount of androgen
but certain tumours and hyperplasta of luteintzed theca cells are capable
of causny derable vinl The g ponsibl not
been 1denufied positively and there are possibilities that progesterone 1t-
self or us bolites mught be andeog In contrast to adrenal
vinhsm the 17 ketosteroid excretion 1s seldom rassed and never markedly
excessive 'The frequent mcrimunation of the adrenal as 2 cause of vinlism
does not excuse the neglect of an adequate pelvic exammation 1 all
cases  Ovarian tumours are palpable on bumanual exammation while
adrenal tumotrs can only be demonstrated by complex mvestigations

Vimuzing OvArIAN TUMOURS

The hustologseal charactenstics of these rare tumours are so vanable that
angd clasufi 1s impossible The morphological blance of the
tumour cells to the normal hustology of the testis or adrenal cortex has

ed to many arguments as to the ongm of the tumour and the correct
chssification

Arthenoblastoma

"Tlus tumour 15 confined to adule life  The most differentiated growths
which approximate to normal tesucular structure seldom possess endo-
crme function The grossly undifferentrated tumour wath a sarcomatous
appearance 15 nearly always assocuated with vinhsm  The mayority of
these sumouss £l mto an mtermeduate grade a dense stroma surrounding
1slands of Leydig cells and tubulac elements and most secrete androgen
Leydig Cell Tumour

The normal ovanan hlus contans groups of cells morphologically
sdentical with testicular Leydig cells Tumours arsimg from these celis
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Excessive Uterine Bleeding

Excesave uterme bleeding, with or without disturbed menstrual
shythm 15 commonly due to orgame disease  The most common endow
come fesson of thus nature 15 an oestrogen secreting follicular eyst of the
ovary However many patients exhibit no orgame pelvic disorder and
no consistent endometnal histology bleeding may be excessive from a
probfesative or secretory phase Jt 1 hardly surprising that the uncertan
actiology of excessive haemorrhage ss matched by conflicting opinons on
treatment  Oestrogens progestns, androgens alone or m1 combmnation
have their advocates n this welter of hormonal treatraent 1t 15 casy to
forget the dug and therapeutic use of o

When hormonal methods of h are deemed advisable the
most effectave agent to procure a rapid end to the haemorshagessoestrogen.
n very high dosage Stilboestrol 5 mg (or 1ts equivalent) every four
hours will stop bleeding within forty-eight hours but 1 very likely to
cause nausea and vomitng A smaller dose of s mg every esght hours
can be effective and should be emploved direcdy the higher dose causes
nausea  When haemostasts 15 achieved and no surgical measre 15 con-
templated 1 the near future oestrogen therapy 15 contmued with a
gradual reduction 1 dose to 2 mg stilboestrol darly  After three weeks
oestrogen treatment 1 stopped  Withdsawal bleeding then occurs and no
further treatment 15 requred of this 15 not excessive m amount or duration
Excessive bleedmg should be termunated by starting a three-week caurse
of sulboestrol 2 mg datly to which eths terone 20 mg daily 15 added
dunng the Iast week  Once agam withdrawal bleedng tahes place
further therapy being abandoned 1f 1t 15 niot excessive or the course beang
repeated 1f necessary

Persstent bleedmg from a proliferanve endometrium 15 especsally
common durmg puberty or near the menopause when 2 functionng
corpus futeum s not found  Immediate haemostasis 15 seldom required
and the logical treatment 15 ethisterone 20~g0 mg daly for five days the
course bemg repeated monthly This 15 an effective measure causing
seceetory changes m the endometnum and a regular loss occurs which 15
nexther excessyve nor prolonged Four to six months of the treatment may
e followed by normal menstrual loss

Premenstrual Tenslon
Many women are distressed by the mental depressian general malaise
and bloated fecling with tender breasts which they expenience 1 the week
preceding menstruation In others a pre~exasung condition such as
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1 contrast to the expeeted atrophy 15 an assocutcd sgn In the adult
prior to the P :pxsoda of p d by exces-
stve bleeding 15 d wath the end 1 of metro-
pathia haemorrhagia In children the tamour s an e‘(ceedmgly rate cause
of precoctous sex development

There 15 a smister between g ovaran
tumours and caranoma of the uterne body Dcspxtc extreme vanation
mn the reported maidence 1t would appear that these tumours are mdeed
predisposimg to carcinoma of the body of the uterus
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are usually androgeruc and small msize Theres a curious chmeal assoqu-
ton with utenne fibrowds some general plethora and mpatced carbo-
hydrate tolerance suggesting an adrenal rather than 1 tesneular ongin for
the tumour

‘Adrenal-ike  Tumours

The prosimuty in the embryo of ovary 10 adrenal corre suggests that
ovanan posed of lipord g cells may from
adrenal remnants withm the ovary This suggestion recetves support
from the climecal prcture of obesity plethora mild diabetes and hyper-
tension which may accompany signs of vinfism  However on mor-
phologncal grounds 115 dxfficult to distnguush these cells from tumours of
Tuteimzed theca cells To label all such tumonss adrenal-like’ 15 2 mateer
of e rather than complete accuracy

OvaRIAN Hy?ERTHECOSIS (STEIN-LEVENTHAL SYNDROME)

This 15 an 1ll-defined synd £ enlarged cysuc ovanes
with a greatly thickened capsule 1 association with amenorthoea male-
type hursutes obesity and occastonally enlargement of the cluons 17
ketosterosd excrenon 15 only shghtly raised or at the upper hmut of
notmality  The essential ovanan lustology 1s the presence of numterots
small follicles surrounded by hyperplastic lutemuzed theca cells with
occasional istands of these cells embedded 1 a dense fibrous stroma

The diagnostic cntena are not clear—cut and 1t 1s probable that the syn-
drome 15 indeed a very rare chmcal enuty Amenorrhoea with husutes
and palpable thickened ovaries with 2 near notmal 17 ketosterord out-
put are obvions essensials  As great success has been claimed for the
lughly allogieal treatment of ovaran resection the enthustast may be
tempted to perform an exploratory laparotomy on any young woman
with some factal hair and amenorthoea  This 15 an unwarsanted abuse of
surgery Palpably abnormal ovanies are 3 more reasonable justification for
faparotomy provided the pauent 1s genwmnely distressed by her appear-

ance and sterthty

Qestrogenic Tumours of the Ovary
Oestrogen producing tumours of the ovary usually consist of granulosa
cells although theea cells may be present or actually domunate the fusto-
cture These tumours may arse at any age but the majonty are
nents over the age of 50 years In these post-menopausal cases
presentmg feature A fully oestnmzed gemsal tract

Togseal pr
seen 1 pa
utenne bleeding 15 the
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and galactopotests without prior pregnancy are the two other types of
disorder which may come 1nto the orbat of endocrmology

PersisTENT LacTATION
The duration of lactation after pregnancy 1s largely dependent on the
mather s 1dea of the optumum ame for breast feeding persistent suckling
prolongs lactation almost mdefimtely When gal
after suckling has stopped amenorrhoea and utene atrophy are common
p e ad o g drogen or pro-
gesterone bas remarkably little influence on the abnormal continnation
of milk secretion  Although this syndrome was nioted 1n the last century
(named the Chian-Frommel syndrome) there 1s Little to add i terms of
mvesngation Recent studies have shown a raised excretion of prolactn
and a low ered excrenon of follicle-stumulanng hormone whichs prob-
ably the underlymg disorder ‘The condition 1s quite bemgn although 1t
may persist for years The absence of effective hormone therapy makes
1t better to endure the discomfort of some breast secretion rather than
resort 1o more drastic measures such as prtuttary rradiation  If the
degree and duration of lactanion 15 very troublesome and unresponstve
to g and and| deep X-ray to the pituttary 1s

8
Justafied

SroNTANEOUS LACTATION

Lactation without precedmng pregnancy has been descnbed i women
and men but not 1 children ~ Acromegaly 1 the only endocrine disorder
which 1s clearly assoctated with spontancous lactation m esther sex ¢he
galactopoietic activity of growth hormone has been demonstrated m
ammal expenments In other cases no cansal factor has been demon-
strated although there 15 2 suggestion that mtense emotional disturbance
€an imtuate lactanon by some hypothalamic mechamsm  The most com-
mon non~¢ndocrme factor 15 p sucking or puk of the
breast a cumous form of behaviour sometimes found in gross psychotics
Before lookmng for obscure end d

it chy p to
establish that the mechanical factor of sucklmg 15 absent
Gynaecomastia
The term gy mdicates enlarg of the breast tassue m

men and should not be apphed to deposits of fat m the pectoral area which
gve the appearance of an enlarged breast, Moreover hypertrophy of the
male breast does not necessarily imply fermmzanon as the condition can
occus in vinle men of be produced by androgens



CHAPTER X1
THE BREAST

Tne female breast starts to grow in carly puberty when the ovary first
exerts 1ts endocone mfluence  The flar areola of childbood becomes
ratsed with the enlargmg supple surmountmg 1t and underneath a palpable
disc of breast tsue  As puberty progresses the areola sinks back to the
genetal contour of the breast leaving only the mpple protrudmng from 1t
The final shape of the breast 15 largely due to fat deposition rather than
glandular tissue 10 q the bust 15 poot evidence
of actual breast development which 13 indicated more truly by nipple size
A cliucal corofary of this 15 the obvious 1rrationality of usng hormone
creams to mmprove the shape of the breast

Full growth of the breast with subsequent lactanion depends onso
many hormones that 1t virtually requures the mtegnty of the whole endo~
come system The prmay role of oestrogen on the growth of the ductal
system and supple 15 assoctated with the growth of the lobules under
the mfluence of progesterone which exerts sts maximal effect duning
pregnancy Optimutn breast growth also regmres growth hormone
adrenal glucocorticosds and thyrosd hormone  Galactopoesss requures the
sumulus of prolactm (lnteorrophin) but the other hormones responuble
for breast growth are necessary to mamtam Jactanon  The endocnne
environment of breast tissue 15 also of smportance s the growth rate of
breast neoplasm  There 15 no defimte evidence to show thar such mabg-
nant tumours are imtiated by endocrme action but it 15 quite certam that
the speed of tumour growth s largely dependent on the hormones acting
on the breast In these h dependent tamours al of the

d e by ad of androgen or by removal of
ovartes adrenals or pirmtary may slow the progress of the disease even
to the stage of temporary regresson

Abnormal Lactation
“The varous cases of madequate or absent lactanon after childbirth
are not within the scope of this book It 1s sufficsent to recall that destruc-
non of the pinutary with post-partum hacmorrhage 15 followed by the
sbsence of Jactanon. Thus 15 the only condition m which 1t 15 clear that
ficiency 15 the cause of lactational falure  Persistent lactation
264

endocane d
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15 grealy i excess of that scen when the same dose of oestrogen 1s given
toanadult male

Puberty gy dly mfl the growmng boy s
atutude to le: He and his f:umly fear that hus body 1s abnormal and
Iikely to remam so  Hence treatment consists of reassurance as to the
common occurrence of this enlargement 1ts begn nature and self-
hmited course  On no account should hormones be admumnsstered as they
are hikely to exaggerate the hypertrophy Simularly surgieal removal of
the breast 15 undesirable because of the natural resolution of the condition.
It1s surpnismg how large a breast will regress entirely
1p10PATHIC GYNAECOMASTIA

This type of bxwt enlztgemcnt 18 found m virile fernle men, m the
absence of any endoc The 1y anses durng
the thurd and fourth decade of hfe progressing slowly for a few months to
remamn static for years In une out of ten cases the hypertrophy 15 con-
fined to one breast mdicating a primary abnormality of the breast tissue
There 15 no evidence that 1t 1s 2 precancerous condinon. The enlarge-
ment 1s not only embarrassing but 13 likely to become inflamed by rubbing
agamst clothing  The only treatment 15 surgical removal
Ex0cENous OESTROGENS

The use of oestrogen therapy n the male for carcmoma of prostate
or for acne Im brought i 1ts tran many examples of breast hypertrophy

d by deeply prig d mpples and arcolae Whenever

ocsu-ogms are given to a man he should be warned that breast enlarge-
ment will result  The benefits of oestrogen therapy 1n carcmoma of the
prostate far outwesght the shght discomfort of gynaccomastia Oestrogen
treatment of acne lost 1ts populanty because 1t was 2 moot pomnt whether
the patient was more embarrassed by black-heads or large breasts

The manufacture of synthetic oestrogens has made gy
mndustnal hazard to those men who engage m the handling and packmg
of these compounds  Inhalation of fine dust appears to be the important
route of absorp a hazard controllable by efficient ventil systems
This risk emph the e of adequate hustory-taking mn all
cases of gynaecomastia

AssocIATED WitH CHrONIC LIVER DiseAsE
Gynaccomastia with testicular atrophy 13 2 rare but welt recogmzed
feature of hepaue arthoss There 15 clear expenmental evidence that

such a lesion 15 due to a failure of the damaged liver to mnacuvate endo-
genous oestrogen.
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The histology of gynaccomastia 1 relatively wnuform despite the
vantety of causes  The predomunant feature 18 proliferation of connective
tissue surrounding the ducts which are mereased i number lobules and
acnt are not hy pertrophic  Flud may be present i the ducts but true
mulk formation 1s excesuvely rare

A classification on actiologacal grounds 15 possible but the majonty of
cases fall mto the groups of adiopathuc breast entargement not associted
with demonstrable endocrme lestons The physiological growth of the
breast at puberty 1s responstble for another farge growp of cases testicular
dysfunction 1s the only other common cause

CLASSIICATION OF GYNAECOMASTIA

In puberty
Idropathuc 1n adule hfe
Assocrated with mtake of aesteogens

Therapeutic

Indostnal hazard
Associated with chironse liver disease or malnutntton
Testicular dysfunction
Other major endocropathues

Acromegaly

Adrenal tamouss (oestrogen secreting)

Testicular cumours

Thyrotoucosts

GYNAECOMASTIA OF PUBERTY

At some time durng puberty 1t 15 probable that all boys have a degree
of breast hypertrophy A rubbery disc of breast tissue below the arcola 1s
palpable n about so per cent of boys when pubertal development 1s
proceedmg rapidly - Both breasts are mvolved but one side 15 often much
laxger than the other A balloonung of the areola adds to the promumence
of the breast By the end of puberty regression has taken place apat from
a few instances whuch persist to early adult life

It has been suggested that an excessive secrenon of sex hormones 15
responsible for the enlargement of the breast but as dus regresses
while hormone stmulanion 15 still mavtmal st 18 mare probable that 2
temporary mctreased sensiivity of breast tissue to hormone action 15 the
real cause The exp 1 d tion of d y of
secondary sex organs to a standard dose of hormone at puberty sup-
view A symular experament 15 observed climscally when ocstro-
mustered for pubertal acne the resultant breast hyperrophy

ports this
pens are ad



APPENDIX
INVESTIGATION OF ENDOGRINE DYSFUNCTION

Tests of endocrine function ate legion yet sull muluplyng  Some
techmiques are well established in most clcal laboratones  others
particularly those mvolving ammals are available only 1n special centres
In research mstitutes new techruques are applied to limuted numbers of
suttable patients but the validity of such methods 1s stll sub judice The
following bref analysis mdrcates the various types of mvestiganons wth
the present availability of each method (G = generally available
8 = spectal centres only R = rescarch method only)
Prrurrary
{a) Postertor

(1) Direct cstrmation of ant-diueetic factor m serum or urwe (R}

()P of vasop detected by mhibinon of
‘water durests

(2) with ntravenous hypertonic sahne (G)
(6) with ucotme nhaled or myected (G)
(5) Anterior

(1) Direct estimate of hormone
{a) Adrenocorticotrophun level m serum (R}
{5) Thyrotrophin level m serum (R and S)
(9) Follicle sumulating hormone 1n urmne (S)

{2) Indirect measure of hormonc effects
(a) Determumation of gonadal thyroid and adrenocortrcal function

(5) Effect on carbohyd bolsm of wnsulin
(adrenal also mvolved) (G)
TayroO
(1) Direct estimate of 10dme handling by tracer doses of radio-1odine
{Gands)
{2) Darect estmate of & t as proton-bound sodine
(SandR)

(3) Effect of thyroid hormone

{a) Basal metabolc rate (G)

(b) Blood cholesterol unmary creatme (G)
™ 169
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The oceastonal assocuation of gvnaecomastia with severe chrome mal-
nutntion has akso been attubuted to nutnnonal damage of the lver
probably mvolving a lack of the Vitamun B complex

Testicurar Dysruvenon

The association of gynaccomastia and lesions of the testis has been
established for many vears but the mechamsm mvolved 1s stll obscure
Surgical castrates and serously affected cunuchoids very rarely exhubat
breast hypertrophy therefore lack of testicular androgen cannot by itself
affect the breast  Gynaccomastia 1s found m the type of case described
by Khnefelter (whose name s attached to the syndrome) mwhichaspermua
1s present and the testes show hyaline degeneration of the semmferous
tubules with wtact Leydig cells This chinical picture meryes gradually
with complete hypogonadism the greater the impaument of Leydig cell
funcrron the smaller the degrec of breast hypertrophy In some cases of
eunuchodism  growth of male sex characters induced by androgen
therapy 15 accompamed by the emergence of gynaccomastia

It 15 1mportant to distmguish the young adult whose gynaccomasta 15
associated wath testicular dysfunction from those whose physiologcal
breast enfargement durmg puberty ss late 1 ss regression  Bropsy of
testss 35 a certam method of diagnosss but not a verv desirable procedure
Examination of the semen provides an equally clear answer m that
absence of spermatozoa ndicates testicular damage

Treatment 1s very unrewarding the only effect of androgen bemg to
develop masculimty without dimmshing the size of the breast or restoring
fernliry Surgical removal of the breast 1s advisable 3f the patient 1s very
distressed at is appearance

Orser MAJor ENDOCRINOPATHIES

A ly 15 an eanly diagnosed condition 1 which hypertrophy of
the breast and galactopotesis can occur as a direct effect of prow th hormone
or with the possible additron of mcreased prolactint secretion

Thyrotowicosis 15 an obscure and rare cause of breast hypertrophy

Of the rare endocrine tumours associated with gynaecomastiathose
of the tesus are the most frequently seen and are all malignane It follows
that a very careful exanumation of the testis 1s required whenever a man

complans of hus breasts enl Afew of g 2
rumours of the adrenal cortex have been recorded m which testicular
atrophy recession of male s ch and gy h curred

These are true fermmzing tumours
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hormones so that the blood pressure falls If the hypertension 15 not
dependent on this mechanusm the blood pressure docs not fall

ProceDURE

All barbrrurates are withheld for at least 24 hours prior to the test The
patient must be resting in bed  An ntravenous mfusion of saline 15 set up
and the blood pressure tecorded every mmute  When a steady level has
been obtamed the adrenolynic drug 15 1njected mto the tube of the saline
infuston apparatus the pattent should not be aware of this myection  The
drug used may be phentol smg of pip madoscofo 25mg |
kﬂoglmm body weight ‘The mjection of s mg of phentolamume 15 pre-
ferable

Blood pressure recordings are continted every munute after the mjec-
tion In two to five sunutes after the mjecnon the blood pressure wall
drop sharply if a phacochromocytoma 1s present A fall of 35 mm Hg
systohc and 25 mm Hg duastohic 1s diagnostic, A vanation of less than
10mm Hg 15 of no signifi The hyp: effect of pip
15 short lived compared to that of phentolammne

Difficulties The test 15 valueless m the absence of hypertension False
positives ate very rare provided barbrturates have not been given  False
negative results do occur and there 15 also the possibihity that the hyperten-

ston umtiated by noradrenaline 1s no longer maintamed by the concentra-
tron of this hormone

Basal Metabolic Rate
A measurement of heat production by the restng fasang patient
Using a recording spirometer with carbon diowide absorber the oxygen
consumption 15 measured over a given tume (usnally 1o muns ) and con-
verted to calories by using a standard respiratory quottent The result

expressed 1n calones per square metre of body area, 15 recorded as a per-
centage of the normal

W ARD PREPARATIONS

‘Weight and height of patient are measured. The patient is deprived of
food and drink for 12 hours (over mght) prior to the test On wakmng the
bladder should be emptred but no other acavaty allowed until the test 1s
finwhed.

Difficulties Tt 15 extremely dfficult to make the pavent completely
tranquil - Farmhanty wath the machine and method {on 2 dummyrun )
together with sedation 152 help Leakage of oxygen around the face-prece
15 the mam problem presented by the apparatus Finally the tables tised to
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ADRENAL
(a) Medulla
(1) Durect estimate of hormone  Pressor catechol amumes 1 blood or

urne (biologrcal and ch 1 methods) (S and R}
(2) Destruction of arculating hormone by adrenolytic agents (G)
(b) Cortex

(1) Durect estimate of hormone 17 hydroxycorticoids n blood (S)
aldosterone n unne (R)
(2) Esumation of hormone metabolites 17 ketosterords (R) 17
ketogenuc sterowds (S) 11 oxysterords i unine (S)
(3) Effects of hormone
(a) hepler test (G)
(b) Serum electrolytes (G)
() Glucose tolerance test and response to hypogly caema mduced
by wmsulut (G)

GoNADs
(a) Tesus
(1) Drrect estimate of hormone  Biologtcal assay of urmnary androgens
{SandR)
(2) Indirect estimate of hormone metabolites 17 ketosteroids m
urine {G)
{b) Ovary
(1) Direct estimate of hormone Urmnary oestrogens (brological and
chermucal methods) (S and R)
{2) Esumation of hormone bol Urnnary § dio] as
ndex of progesterone production (G and S)
(3) Effects of hormones
() Vagmal smear (G)
(b) Biopsy of endometrium (G)
Note — Responsu eness of thyroid and a(li’r:nal cortex to m_]cctcd thyro~

trophun and adrerocor can d to aid d
between prunary and secondary features of these glands

Adrenolytic Test for Phaeochromocy toma
PRINCIPLE
The hyp due to a phacoct ytoma s ¢ depend
1

conct of aurculatng adrenalin and 3
won of an adrenolytc drug dimmushes the concentration of these

ona hugh
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Low Carcrum Digr
The unnary dram of caleum due to a parathyroid tumour 15 often not
apparent unless the pattent has been on 2 low calaium diet for one week
On the following diet urnary excretion of caleium 1n excess of 250 mg /
24 hours suggests the presence of a parathyrord tumour

Low Calaum diet (Approvimately 1.0 mg ca dady)

Earlyam Breakfast
Tea made wath distilled water  Tea made wath distlled water
S g sugar 10 g sugar
100 g grapefrmt (fresh only}
10 g sugar
30g Rywita
15 g butter
15 g marmalade
Mid morming Dunner
20 mls lemon jutce 45 g meat (beef topside lean only)
15 g sugar roast
Distlled water

75 g peas (raw weight) (frozen or fresh)
100 g potato (raw weight)
100 g banana (flesh only)

Tea Stipper

Tea made with distalled water 40 g chicken

5 g sugar 15 g lettuce

jog Rywita 50 g tomato

15 g butter 100 g desert apple (flesh only}

15 g honey 30g Ryvita
15 g butter

Beduime

20 mls lemon juce

15 g sugar

Distlled water

36 g of Energen rolls can be used mstead of go g Ryvita Dustilled
‘water for tea must be borled m a special kettle or pan  O1d kettles contam
fur

ResponsviTy To ParatHORMONE (Ellsworth-Howard Test)

Patathyroxd hormone ncreases urmary phosphate excretion if the
patient s suffermg from hypoparathyroidism Tt 1s dufficult to demonstrate
thus effect m the normal subject
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dertve body arca from height and weight are unsatisfactory 1 pauerts
who are oedematous or of unusual shape

The apparatus must never be used on a tuberculous panent with 2ad-
fast bactllt an the sputam as the machme cannot be thoroughly stenhzed

INTERPRETATION

& range of ~10 per cent to <20 per cent must be accepted as normal
Some undoubted cases of myxoedema and thyrotoxcoss fall within this
range One estimate of basal metabolic ratess unreliable the mean of three
separate tests 1s more acceptable

The basal metabolic rate 15 rassed n
Anxiety states
Thyrotoxicosss
Fever
Heart farlure
Angerma and lenkaemia
Acromegaly
Phacochromocytoma

1t 15 lowered n
Endogenous depression
Myvoedema
Malnutrition
Addison s disease

Calclum Metabolism
Ward TesT ror Urivary CALCIUM
Sulkowtch salution 15 used made up as follows
Oxabcaad2sg
Ammontum oxalate 2 5 g
Glactal acetic aad 50 cc
Distilled water to 150 cc.

s ce of unne are placed 1 a test tube to which 2 c¢ of the solunon are
added 'The speed of appearance and the denaity of the resultant whate
dispersed precipiate are noted The results are recorded from zero to 4
A zero test suggests a seram calaum below 7 5 mg per cene. A

(heavy precipuate 1 under 20 seconds) suggests hypercalcacoua
1s only a rough approxumation but useful for pattents on calaferol
a 4 plus resule mdicates ge and requires
£ therapy unnl the serum calaum has been measured

plus

4 plus
Thetest
therapy
cestation Of
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dnnk of glucose  The end of a successful est should always be marked by
a big meal for the panent

INTERPRETATION

The normal subject (using o 1 unt msuln/kg ) extubues a sharp fall
blood sugar maximal at 20 muns followed by a gradual nse unal thelevel
at 120 muns 15 within 5 per cent of the fasting value In hypopintuansm
or primary adrenocorucal fasture hypoglycaemua 1s raprdly produced by
0033 unus nsulinfkg and it persists so that at 120 munutes after wjection
the blood-sugar 15 sull below 8o per eent of the fastng value. This m-
dicates hypoglycaemuc unresponstveness

There 15 seldom need to employ the test 1n cases of Addison s disease
It has an 1mp role 1n the diag of panhypop Primary
myvoedema does not produce the same pattern but 15 assoqated with 2
very stow fall m blood-sugar which will rise spontancously ~ As the test
measures response to hypogl! rather than to msulm, 2

significant degree of hypog{ycaemm must be mduced before the test
becomes valid

The Kepler Test
(of Robmson Power and Kepler)
Thas 15 based on the fact that m adrenocortical fulure the body loses

sodium chlonde i the urme retans urea and 1s unable to respond to 2
water load by diuresis

PROCEDURE

On the day prior to the test no salt 1s added to the patient s diet From
60pm onwardsall food water and tobacco are withheld Atrojopm
the bladder 15 emptied and the urme discarded  All unne passed from then
on up to and meluding emptymg of the bladder at 730 am 15 saved
Ogmuttng breakfast and followng a further emp of the bladder at
8 30 a m. the patient 15 gven a draught of water to be drunk as quickly
aspossible  Theamount grvensgcc perlb body weight (z5cc perkalo)
The bladder 1s empriedatg j0am 1030am 1130am and1230pm
the panient resting m bed meanwhile  The volumes of all urme specimens
are recorded  The night sample 1s kept for analysis and a sample of blood
15 taken prior to the dunking of water

If the volume of the largest of the hourly day specimens exceeds thae
of the mght urine volume then adrenocorncal falure 15 not present
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PrOCEDURE

‘The patient fasts overmght and empties the bladder n the early morming
(urmne discarded) He then empties hus bladder every hour for three hours
The three speaamens are saved for determunation of phosphate concentra
tion  After the third sample has been passed 200 tmts of parathormone
are mjected mntramuscularly (some prefer an intravenous mjection)
Hourly specimens of unne are passed over the succeeding five hours
‘Water should be drunk during the test to keep up the flow of urme but
no food should be eaten  The phospl of all sp 15
determined A nsing phosphate concentration after the mjection of para-
thyroid hormone mdicates 2 normal response  Unfortunately different
preparations of parathormone vary mn their capacity to promote phosphate
diuress A control test on a patient with known hypoparathyroidism 15
advisable for each batch of hormone

Insulin Tolerance Test
(Responsiveness to hypogly caemua)

The return of the blood-sugar to normal levels from hypoglycaerma
depends on the mtegrty of the anterior pitustary and the adrenal cortex
The absence of such a response (1¢ contmnued hypoglycaemia) mdicates
adrenocortical or pituitary msufficiency

PRrOCEDURE

For at least four days prior to the test the diet must contam at least 250 g
carbohydrate  The fasting blood-sugar 15 determmed and if 1t 15 normal
the test can be carned out next day

The pattent 1s fasted for twelve hours overmught blood 1s taken for a
fastmg blood-sugar determmation  Soluble msulin diluted with an ade-
quate volume of normal saline 15 then mjected mtravenousty The dosess
oor1s units per Ib body werght (0 033 unts per kilo) The blood-sugar
1s determmed at .0 30 45 60 90 and 120 minutes after the mjection If
thete 15 no fall 1n blood sugar with this dose of msulin the test 15 mvalid
and should be repeated at a later date using o 45 umts of msulm per Ib
body weight (o T units per kilo)

Dufficulties The patient must be watched throughout the test for clntcal
evidence of hypoglycaemna Irrational or slurred speech and sweating are
1rpportant signs The blood pressure should also be recorded at mtervals
I€ there 1 any clonding of consciousness or a fall of blood pressure below
8o mm Hg systolic the test 1s abandoned immediately by givmg alarge



APPENDIX 177

15 not followed by hormone release so that water diuresis continues
unchecked

Procepure

After a four hour depnvation of water food and tobacco the bladder
15 empried and one litre of water 15 drunk as fast as possible Unmne
specimens ate collected every ten munutes  Complete emptymg of the
bladder requires a catheter (which 1s left i situ throughout the test) and
supra pubic pressure When diuresis 15 established the unne flow ex-
ceeding § cc /munute nicotne 1s gven  Unne 15 collected as before and
the effect on diurests noted by recording the urine volumes throughout

For non smokers 1 mg of pure nicotine 15 injected mntravenously 1 a
normal saline solution  On a subsequent test this canbe dto.mg
if there 15 no response to the first dose  For smokers 3 to 6 mg of ncotine
are required  An alternative to injection 15 the rapid smoking wath deep
whalation of cigarettes untl the patent feels sick and dizzy

Difficulties An overdose of nicotme causes fanting which 1s not only
unpleasant for the patient but invahidates the test because of altered renal
blood flow Therefore the mitial dose should be low despate the dufficuley
of determining whether a lack of response 15 due to an msufficient dose
or a damaged neurohypophysis

InTeRPRETATION

Clear evidence of miubition of the diuresss mdicates an intact hypothal-
amus  Continued diurests with an adequate dose of micotme mdicates
duabetes maprdus  Unfortunately the distnctron 1s not always clear cut

as partial as well as complete lesions of the neurohypophysis can be
found

Radio-Active Iodine in Diagnosis
PrINCIPLE
As the body does not disungwish between natural 10dme and 1ts radio-

active ssotopes tracmng the fate of admimstered radio-10dine grves a clear
picture of the physiological state of the thyroid s 10dine cycde Altera-
tion of thyroid function 1s murrored by alteratsons 1n the sodine cycle

h 1 d with a rapid 1 of a large propor
tion of available 1odme with quentd
while m myxoed hyrodal ¢

achieved slowly so that a large proportion of
elimnated 1n the unne

L4
of 10dine 15 low and
the clement 15 slowly
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If the volume of mght urme exceeds that of any day specimen then urea
and chloride 1n the plasma together with urea and chlonde concentrations
n the naght urine are determuned  The following caleulanon 1s employed

Urine Urea (mg per cent) % Plasma Cl (mg per cent) %

Plasma urea (mg per cent) Unne Cl {mg per cent)
Volume largest day urme (cc ) — Indec
Volume night urme (cc )

As this matt 1cal device such disturbed function by
muluplication 1t 15 apparent from the physiological prnaples mvolved
that 2 Jow mdex number 15 found i adrenocortical failure  If the wdex
15 less than 20 the duag of ad tical msufficiency 15 likely

Difficulties The overmght fast may result n hypoglycaemta of the
adrenal cortex 15 not functioning Furthermore the water load 1tself can
cause headaches and even coma 1n Addison s disease or panhypopitwitar-
1sm particularly if the serum chlonde concentration 15 low

The presence of prumary renal impasrment mvalidates the test Diabetes
msipidus makes 1¢ virtually smpossible to carry out the procedure Im-
parred water absorption m steatorrhoea or other small bowel disturbance
and abnormel body water distribution as m oedematous states make
muerpretation very difficult

WaTer Loapmvg TesT

A sunplified procedure based on the prmaple of the Kepler test and
subject to the same errors 15 the admunustranion of one litre of water to the
fasting subject and a record of the volume of urine passed 1n the succeeding
four hours The normal subject wall excrete about 70 per cent of the
water load durmg this tme  Excretion of less than 50 per cent of the
water 15 strongly suggestive of adrenocortical farlure The test should
be repeated after the admunstration of cortisone (100 mg myected M
on the mght prior to the test) a marked increase 1n water dwresis from
a previously madequate level strengthens the onginal diagnosis of adreno-
cortrcal fatlure

Nicotine St of Neurohypophysi:
ProvereLe
Nicotine causes the mtact neurohypophy sis to secrete vasopressm the
effect of which 15 measured by sts mhibition of water diutesss  Inlesions
of the neurohypophysis leading ta drabetes msiprdus the grving of mcotine
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The adminustration of any ant thyrosd agent will mvaldate the
dugnostic use of fadio-iodme nor should the pattent be subjected to
raduapon unless a valid result can be expected. lodides thyroid extract
or the thiouraal group of drugs must have been stopped at least onc
month pror to the giving of radic-todine  More subtle sources of error
anse from 1odized cough lozenges or mixtures 1odized omtments
and the free use of 10dime for skin stenhization. Very long lasting effects
on the thyroid 10dmne cycle ate caused by the rodized compounds used 1n
the radiography of the renal and bibary tracts and artenography A
search for these sources of 1odine must precede the request for a tracer dose
of radio-10dme

The techruques outhned cannot give a direct answer to the clucal
question of duagnosis  They give an accurate answer to the question
does this thyrord behave normally i terms of 1ts 1odine cycle  The
mformation given 1s related solely to function and not to underlymg
pathology Used properly radio-todine 15 an important duagnoste aid
whenever the clmcal state suggests hyper- or hypothyrotdism

The radianion danger to the patient 1s mummal but radio-10dine should
only be given when the information required 1s of vital importance
Repeated tests rapidly merease the risks  Finally 1t 15 mnadvisable to give
the 1sotope to any pregnant woman, as the foctal thyroid concentrates
1odme from the maternal blood stream

Urinary Steroid Estimations

17k Is are bolites of ad, tical and testenlar Cro
sterouds whose phystological action 15 androgy Small amounts of
17 ketosteroids are dentved from Car adrenal sterords wath glucocortcord
prop The que o 1s rebiable and reasonably free
from difficulties  An accurate 24-hour sample of urmne 1s requred  The
necessity for acid preservatives depends on the method the sample
should be collected 1n bottles provided specrally by the Iaboratory

The range of normal daly excretion 1s 10-20 mg for men, 6-18 mg for
women Children of both sexes prior to puberty exerete msgnificant
amounts {1 mg or less) A marked decrease m excrenon 15 typical of
panhypopitustarism m both sexes and primary adrenal fadure m women
Luver disease maloutnition, chrome illness and hypothyroidism are all
diseases which lower the excrenion of 17 ketosteroids A marked merease
35 found 1n adrensl vinbem but not m Cushing s syndrome The

d: use of the 15 really d to panh

YPOp!
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PROCEDURE

The radio-active 1sotope (admunsstered free of natural 10dime 1147) 1n
common use 1s 1*#* with a half-hfe of 8 days  For very short term studues
1121 35 of use with uts halflife of 2 4 hours  The radiation from these
1sotopes 15 measured by Geiger-Muller tubes or santllation counters
operated with electrone recording devices  Unfortunately she great
vanety of apparatus used 1 numerovs ways prevents any standardizanon
of techmuque 10 quence each lab y has to define 1ts own bmuts
of normality and the signufi of abnormal ding

The dose of [1# for diagnostic studies 15 m the range of 10-50 micro-
cunes the raduation from this will not alrer thyrord function orharm the
panent  Thyrordal accumulation of 10dime can be measured by determun-
mg the amount of radiation 1n the neck at varying times after thedo ¢
1t 15 preferable to have sufficrent records to allow a caleulation of the rate
of accunulation as well as the amount of the dose retained By comparmg
the rato of neck radiation to that of thigh or calf 1t 15 possible to guage
the speed of yodime disappearance from the blood streama i refanon to
thyroid uptake Measurement of unnary excretion can be made on
senal specimens of urme so that the rate of excrenon as well as the amount
of 1odine exereted can be determned  Small amounts of 1odime excreted
wathin the fist fow hours after admunsstration are typacal of thyrotoxacosts
compared to the slow contmued excretion of large amounts
ravxoedema

Interpretanon of these tests rests on the assumption that the acuviey
of the thyroid 1odme-trappmg mechansm reflects the whole of
thyroud function In every day clincal praceice this assumption 15 correct
but 1t does not hold good 1n cases of goutrous cretimsm or with thyrosds
extremely deficient i 1odine A more direct measure of hormone for-
mation 15 the measurement of the I'#2 bound to protem 1 the blaod 48
hours after the admunsstration of a tracer dose  The method has 1ts share
of technical dufficuluies but a gh level mdicates thyrotowucoss no clear
disuncnion can be made between normality and myxoedema

Dﬁmln:s Ertrors anse from problems of instrumentation and from
the admumstration of anu thyroid 2gcn§s prior to the tjcst Tl}cmchmmn

15

must state clearly whether the p qQ ©
1 hvrotdism from lity or to detect thyrotowcosis This

‘c‘rlx;'blcs the laboratory to employ a techuque relevant to the appropriate
condityon, because the difference 1 nme relationships berw een dhe rodine
cydle,of hypothy dism and thy are such thae the tmng of
measarements must be suted to the condityon wh ch s bemng mvestigated




SUGGESTIONS FOR FURTHER READING

THERE are a greas number of books published i vanious countries whch
deal with endocrinology 1n general and wth special aspects of the subject.
If the choice 15 Imuted to general textbooks of cluncal endocrinology
published m England the following books are ded

The Practice of Endocrinology R Greene and Edinon 1951 (Eyre &
Spottswoode )

Major Endocrine Disorders $ L Sympson  2nd Edinon 1948 (Oxford
Unuversity Press }

CImlmIEndunmo!ogy A W Spence 15t Ediion 1953 (Casscll & Co )

The background of chemustry and phystology whach 1s necessary fora
full understanding of climcal endocrmology 15 covered fully m two
volumes entitled

The Hormones G Pmcus and K V Thimann 15t Edition 1948
(Academmc Press )

For those who wash to refer to a compilation of original articles there
1s 2 massve survey of the literature m

Chucal Endocrnology L M Hurxthal and N' Musubin 15t Edinon
1953 (J B Lippmncott )

The ph logy and therap of end disorders 1s detaded
with great lucadity in the approprate sections of

The Ph logteal Basts of Therap L S Goodmanand A Gilman
2nd Edinon 1955 (Macmudlan)

Even the brefest account of the literature would be madequate without
some gude to the publicatsons which will carry the results of future
research  The periodic publication of Recent Advances i Endocninology™
(current edion (the 7th} edited by P M F Bushop 1954 Churchdi)
covers this field Excellent annual reviews of vanous endocnine subjects
will be found m Vitarmns and Hormones (first published 1943 Academic
Press) and Recent Progress sn Hormone Research (first published 1947
Acadenuc Press) The available volumes of these publications contam 2
mne of mformation. In addition to these the Colloguta on Endocrmology
(Ciba Foundation) the eighth volume bemng published m 1955 provide
dscussions of a high academc level.
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adrenal vinlism and Addson s discase 1n women  An ncrease m 17
ketosterond output following 4-5 days of A CTH admumstration 1s a
useful gude to the mtegnity of the adrenal cortex

Methods for measunng the metabolites of hydrocortisone are subject
to considerable techmeal difficulties and are both unrehable and non-
specific  However, hugh values support a diagnosis of Cushings syn-
drome whether the method measutes 17 ketogemc steroids {by soduum
bismuthate tr ) or formaldehyd sterowds (penodic aad
liberates fomaldchydc) or neuteal hp\d sclu\:lc reducing sterosds  All
results must be mterpreted with caution  None of these methods should
be attempted by a laboratory which cannot afford the skill and time
required for accurate standardizatton of the techmque
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Many medical journals contan ongmal work m the field of endo-
crmology  The Journal of Climcal Endocrology and Metabolism (published
monthly 1n US A ) 1s devoted to articles of chnical importance  How-
ever the Lancet and the Bruttsh Medical Journal report all important advances
1 the subject exther m ongmal articles or m their excellent annotations
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