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Chapter 1

INTRODUCTION

~ CLincAl practice hboratory tests frequently nd in
I the dirgnosis and treatment of endocrinopatiues Many
of the tests 1o be described are widely used—at umes per
haps oscrused ind given undue emphisis m the manage
ment of the patient Thercfore the word Aids has been
purposely wmcorporated m the utle 1 order to relegate
laboratory procedures to their proper rank in redation to
a thorough chimical examination

Laboratory findings are for the most part only axds or
adjuncts not only mn diagnosis but also 1n following the
effects of treatment . endocrme disewse They do not
replace or transcend a proper and complete nnnests
and physical examnatton of the pattent Furthermore the
f1lbility of many of the tests 15 well knoun to anyone
who has worked for any length of nme in the labortory
Many of the procedures e complicated and some of the
steps may be uncertan even though the final results are
expressed i exact figures  [his persuasive preciseness may
lead to 4 false sense of secunty so that 1t nmes serwous
errors can occur unless laboratory findings are correlated
with clnieal impresstons It the laboratory results indicate
conclustons at variance with chmcal facts 1t1s prudent o
place more credence 1 the chimical obsenvauons and
exther repeat the tests (perhaps i another laboratory) or
1€ necessary repeat or re evaluate entire expeniments At
times 1t 15 advantageons with some of the more comph
cated tests to confine them to one particubw laboratory
or even to repose confidence 1n one specially trarned tech
neian m mterpreung results for rhimcal use

3



1 LABORATORY AIDS IN IN\NDOCRINI DIAGAOSIS

On the other hand lest the de emphiasts be carried too
far Iboratory results occastonally can be most helpful and
even definitve m dingnosis ¢ g the level of TSH cxcre
tien 1n the urine 15 of critiel smportance in disungushing
between pitutary inhinulism md ovaran 1phsit (being
elevated m the Jntter) The Iboratory may also be helplul
in cheching resulis of treatment—1s m following the level
of plisma cholesterol or the basal metabolic rite during
ticaitment of hypothyrowhsm with desicerted thyrord sub
stince Also Jaboratory studies have incresed onr knowl
edgc about phystolagiel changes in several of the endocrine
diserses wnd thus embellish and chinfy the chcan s
understmnding of the priaent and hus diserse i @ manner
benefical to both physicin nd patient

In the following pages the virious tests will be histed
notmg the principal "bnormalities found 1n the presently
rwchnowledged endocrinopathues In the final chapter (\II)
thus datr 15 recpiealated an the form of 1 disease index
Lisung the varions endownne dweases nd collecting under
these beadings the appropriate laboratory findings Tlus
opposite wpproach offers the reader 1 cross reference to the
matersal presented and provdes 1 substitute for the cus
tomary mndex

The tests histed are those which hive been proved to
have some chinieal value plusa few that seem prrticularly
promusing at s tuwe Labortory procedures which still
are ughly experimentl or are confined to research proj
ects hnve been purposely onutted lu some mstances more
than one method 1s 10 usc for the sume test The method
Hiven will be the one currently used n the liboratones
m or connected with the Unnersity of Cahiforma Hos
priaf or Medical School

In compiling 1 revten of thus type one must rely
hewnily on the generous help of friendly colleagues Sin
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cere thanks are due to the following individuals who have
been most hind 1n gning advice reading sections and
cooperating 1n general Dr James Hopper Dr Morrs
Duiley Dr Peter Forsham Dr Felix holb Dr Maurnce
Sokolow and Dr Hans Lisser of the Department of Med1
cne Dr Ernest Page Dr Ralph Benson and Dr M James
Whitelaw of the Department of Obstetrics and Gyne
cology Dr Donald Smith and Dr Frank Hinman Jr of
the Department of Urology Dr A Jusun Williams and
Dr Earl R Miller of the Department of Roentgenology
and Dr Norman Freeman of the Department of Surgery

Others have been most helpful m allowing the use of
photographs and charts for some of the 1illustrations Each
will be achnowledged at 1ts point of appearance in the
text

RFE



Chapter If

INFORMATION CONCERNING ENDOCRINE
DISEASES FROM THE USUAL ROUTINE
LABORATORY TESTS

VPV the most common tests show unportant abnor
malities 1n some endocrine diseases

BLOOD COUNTS

A complete count ncluding estrmation of amount of
hemo,lobin numbers of red cells and whate cells differ
ential count of the white carpuscles and exammation of
the staned smear 15 a routine procedure with most phy
sic1ans and cerrunly with most hospral entries

In patients with Cusfing s syndrome, polycythemia with
mcrease 1n hemoglobn (90 to 120°7) and number of red
blood corpuscles (5 to 6 500 000} 1s a characteristic finding
Polycythema 1s also seen tn drabetic actdosts and 1n para
thyroud telany

Moderite secondary anemia 1s found frequently m
myxedema In tins condstion the hemoglobin 15 low m
relation o the red cell count so that the color mdev 1§
less than one (color mdex can be estmated by doubling
the first two numbers of the erythrocyte count and dividing
this mto the hemoglobin percentage) Occasional instances
have been reported of the assocration of a pramary anenia
with myvedcma In these the hemoglobm 1s high 1n rela
ton to the red cell count sa that the color index 1s greater
than one

Secondary anem ss also found with some frequency in
Stmmonds disease Addison s disease severe hyperthyroid
s e late mn the course of hyperparathyrotdism

8



INFORMATION FROM THE USUAL IABORATORY TESTS 7

Eostnoplulia—an 1ncrease i percentage of eosinophiles
1n the differential count of white blood corpuscles to above
the usual normal level of 1 to 3%, 1s found with some
frequency i many endocrine diseases It has been reported
1 more than average inaidence 1 both Stmmonds disease
and acromegaly which are physiological opposites as re
gards pituitary function It 1s also seen occastonally n
dddison s disease severe hyperthyroudism and late Jiyper
parathyroidism Count of the circulating eosinophiles as de
scribed 1n Chapter IIT 15 now used as a test of adrenal cort:
cal funcuon

A relatrve lymphocytosis so called when the percentage
of lymphocytes 1n the diffexential count 1s 1bove the usual
average of 25 to 307 with a normal total white cell count
15 another frequent finding 1 many endocrine diseases
It has been reported 1n acromegaly paturiary infantilism
hyperthyroidism myxedema parathyrowd tetany 4ddisons
disease and hypogonadism  As was noted m discussing
eosinophthia many of these conditions are phystological
opposites It 1s of mterest to recall that before basal
metabolic rate determinations were available the finding
of a leucopenia with a relauve lymphocytosts was con
sidered an mmportant dragnostic sign n hyperthyrotdism

An increase 1n the total white blood cell count 1s seen 1n
diabetic acidosts leucocytosis to a level as hugh as 75 000
white cells per cu mm 1s not uncommon

COMPLETE URINALYSIS

This 15 another commonly performed test Usually the
color turbidity specific gravity and degree of acidity or
alkalinity are noted Tests are performed for albumin and
glucose and frequently for acetone and the sediment 15
examned microscopicilly In some laboratories a Sulko
witch test for rough estimation of the amount of calcium
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m the unne 1s done routinely as 15 discussed m Chap
ter IV

The finding of glucose m the uune wath wsoutated fugh
speafic gravty 1s smportant i che diagnoss of dubetes
mellitus [t must be remembered thit diabetes methtus 1
m occastonal comphicrtion of acromegaly wnd 1t has been
vartously esumated thae 25 to 107 of acromegalics become
drtbeuc In Cushings syndrome, most of the untreated
piuients eventundly develop dnbetes Glycosunt 1s also
seen occwionally n gigantism Ry perthyrordism and with
adrenal cortical fumors (especially the Achird Ther Syn
drome— Dabetes of Bewrded Women )

Diabetes insiprdus my be suspected from wrnary find
ings alone The 24 hr 1olume (normally one to two hters)
will be mcreised to oser three hiters and up to 1 reported
maxmum of 56 hiters Spectfic gruaty 15 low—usurlly
1001 or 1 002—and the urine looks pale watery and tastes

msiptd  Nerther albumin nor sugar tre found to be
present  The condition 15 a disease enuty but may otea
»onadly be 3 complication of tumors or other lesions m
volung the prtustary er hypothalamus Such tumors may
also cause various endocnine diserses indduding gigantism,
acromegely ntwitary mfantilism Froehlichs syndrome
Simmonds discase or precocious puberty ind thus diabetes
msipidus m1y be associated wath all of these chinical syn
dromes

Evidence of kudney damage with albumin casts and
fived specific gravity is seen m the late hypertensiie phase
of Cushing s yndrome ind accrsionatly in diabetes metlitus
when the hammelstiel Wilson syndrome of mtercapiiiawy
glomerular sclerosss has ippeared Alburmn may ibo be
found during hypertensne atticks with pheochromocy

toma
Hhperparathyroulism s characterized by ncreased
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urmary excretion of calcium so that mn untreated cases
hithiasis nearly always develops and eventually 1s further
complicated by infection This results 1n the appearance
of red cells white cells 2lbumin casts and particularly
calctum casts 1n the urine

Untreated myxedema frequently 1s complicited by
atony of the bladder This results 1n incomplete emptying
stasis and residual urine which usually becomes infected
so that pus cells and albumin are frequently found

Acetone bodies as acetone or diacetic acid are found 1
diabetic acidosts or may also be present if the patient 1s
on a sem1 starvation diet

SEROLOGICAL TLSTS FOR SYPHILIS

These are performed with enough frequency to be con
sidered a routine test They may be of some importance mn
diabetes stprdus which can be caused by infection or
gumma 1n the hypothalamus or pituitary region Also
some 1nstances of Stmmonds disease have been reported
to result from 1 gumma replacing and destroying the an
terior lobe of the pituitary gland
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m the urme 15 done ronuncly as s discussed Chap
tex IV

The finding of glucese m the urine with assoct ued frgh
specific gravity 1s importamt n the diagnosis of diabetes
mellitus 1t must be 1 bered that <hal Hitus 15
n occrsional comphication of ecromegaly and 1t has been
vamonsly estimated that 25 1o 409 of rcromegalics become
dstbetic In Cuslungs syndrome most of the untreated
pattents eventunlly deselop diabetes Glycosuria s o
seen occxsionally i gigantesm Jiy perthyrordism and with
adrenal cortical tumors {espectally the Achard Thier Syn
drome—~ Diabetes of Bearded Women )

Dabetes mssprdus my be suspected from unmiyy find
tngs alone The 24 hr volume (normally one to two hters)
will be mereased to over three hiters and up to 2 reported
maamum of 56 hiters Spectfic grivity 1 low—usually
1001 or 1 002—nd the urme Jooks pile watery and tastes

msipsd Nesther dtbumn nor sugar we found to be
present The condition 1s 1 disease entity but may occz
sionally be 2 compheition of numoss or other lessons 19
volving the pirwtary or hypothalamus Such twmnors smay
also cruse rarious endocrine disenses sncluding gigantism
acromegaly priwstary nfantslism  Froehlich s yyndrome
Simmonds disease or precoctous puberty wnd thus dixbetes
mupidus may be ssoctated wath all of these clinical syn
dromes

Fudence of hidney demage with albumin casts and
fived specific granty 1s seen m the late by pertensne phase
of Cushng's s ndreme md occsioully in deabetes mellitus
when the himmelstiel Wilson syndrome of ntercapaifary
glomerular scherosis bas appeared  dlbumm may also be
found duning hypertensne attacks nith pheochromocy

taoma
Hyperparathyrordism s characterized by  1ncreased




SPEGCIAL TESTS OF BLOOD 1]

Stumulation of the adrenal cortical function 10 normal
individuals will cause a Fall of at least 509, mn the number
of airculating eosmnophiles However w Addson s disease
the count 1s high or high normal and does not drop after
efforts to stmulate the adrenal cortes with adrenocortico
tropiec hormope {ACTH) or with epinephmne

THE TOUR HOUR CORTICOTROPIN (ACTH) TEST

The four kour cortcotropun (ACTH) test of adrenal
cortical function 1s based on the 1bove

Method An cosnoplule count 1s made with the pateny
tm a fasting state and then 25 unus of corticotropin
{ACTH) are admistered mtramuscularly Four hours
later another blaod sample 1s drawn and the eomnsphiles
agan counted Brevklast may be eaten after the first
count but lunch should be withheld waul the secoud
count 1s taken Normnlly the count should drop at least
50%, from the stimulation of the adrenal cortex by the
corticotropin If st does not adrenal corneal insuffiaency
15 2 possibality

Recently Bonner has suggested that the test may be
more senswve 1f done in the nen fastag patient from one
tofirepm

THE 42 HOUR CORTICOTROTIN (ACTH) TEST

Thus varation 15 used when rhe four hour test does not
tesuht m clear differentiation between primary and sec
ondary adrenal cortical disease

Method A fastung count of crrculaung eosinophiles 1s
done and then 10 unsts of cortrcotropsn ( MCTH) tse ad
munistered intramuscularly at 10 am on the first dav The
dose of 10 unts 15 repeated every six hours for 48 hours
(eight 1njections)~grving the last mjection at $ am of the
thud day Another eosnophile count 1s talen four hours
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SPECIAL TESTS OF BLOOD

EOSINOPHILE COUNT

HE DIRECT count of airculating eosmophiles has been
found to be of value 1n estimation of adrenal cortical
{unction «s reported by Thorn Forsham 1nd co-workers *

Method Fnie cc of venous blood 1s collected with
05 cc of dried balanced oxalate solution i the tube A
standard white cell prpette 1s used drawing the blood to
the 05 mark This 1s diluted with a speaal stam to the
11 mark The stan 1s prepared by mixng 5 cc of 2%,
aqueous eosin 5 cc of acetone and 90 cc of distilled water
This should be kept 1n 2 refrigerator and filtered before
use It should be prepared fresh every two weeks Origin
ally a speanl countng chamber was used with a depth of
02 mm but 1t his been found that a standard counting
chamber with a depth of 01 mm 1s satisfactory The
prpette 15 shiken for only 30 seconds and the counting
chamber filled mmmediately and allowed to stand for 3
minutes Most of the red blood cells and other white cells
are hemolyzed while the eosinophules are dentified by
the deeply stained red granules Four chambers of 16 sq
mm are counted The total 1s dinided by 16 and multt
plied by 100 to guve the arculating eosinophiles per cu
mm Cleanliness 1s essental as the cells tend to cluster
around foreign bodies and timung 1s important as they
are unstable 1 the diluent

The normal range 1s 150 to 350 per cu mm Recently
Ponner has suggested thit an eosinophule estimation from
the differential count on a smear 1s as satisfactory as the
Chamber method 1f 800 cells are counted

10



SPECIAL TESTS OF BIOOD 11

Stmulation of the adrenal cortical function 1n normat
ndnviduals will cause a fall of at least 509, 1 the number
of airculating eostnophiles However m Addison s disease
the count 1s high or high normal and does not drop after
efforts to stimulate the adrenal cortex with adrenocortico
tropic lormone (ACTH) or with epinephrine

THE FOUR HOUR CORTICOTROPIN (ACTH) TEST

The four hour corticotropin (ACTH) test of adrenal
cortical function 1s based on the above

Method An eostnophile count 1s made with the patuent
m a fastng state and then 25 unus of corticotropin
(ACTH) are adminntered mtramuscularly Four hours
later another blood sample 15 drawn and the eosinophiles
agan counted Breakfast may be eaten after the first
count but lunch should be withheld until the second
count s taken Normally the count should drop at least
509, {rom the sumulation of the adrenal cortex by the
corticotropin 1f 1t does not adrenal cortical insufficiency
15 @ possibility

Recently Bonner has suggested that the test may be
more sensitive 1f done 1n the non frsting patient from one
to fivepm

THE 48 HOUR CORTICOTROPIN (ACTH) TEST

‘Thus variation 15 used when the four hour test does not
result 1n clear differentiation between primary and sec
ondary adrenal cortical disease

Method A fasting count of circulating eosinophules 1s
done and then 10 units of corticotropin (ACTH) re ad
mumstered intramuscularly at 10 am on the first day The
dose of 10 unuts 1s repeated every six hours for 48 hours
(esght mjectrons)—giving the last mjection at 4 am of the
third day  Another cosinophile count 1s taken four hours
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later (a2t 8 2m) belore allowing breaklase Narmal tnd
viduals show a fall of over 50% while those with Addi
son s disease consistently farl to £l to 509} of the otiginal
level 17 hetosteroid excretion can also be checked before
nd alter the course of corucotropm (ACTH) and nor
mally rises to ind tbove the upper Iimuts of normal ex
cretion

Patients with /mpopitutansm and secandary adrenal
cortical atrophy shaw an eosmophile drop greter than the
Addisoran wnd usually over 509

Tt 15 of mterest 1o note that the lymphocytes respond n
the same manner as the eosinophiles m the above tests—
but the eosmophile count 1s at present the more ccepted

BLOOD SUGAR DETERMINATIONS AND GLUCOSE
TOLERANCE TESTS

These 2re occasionally of constderable mportince in
endocrine diseases The method of measuring the blood
sugar 1s now in 1 state of flux The older 1 the chissicl
Folin 13 w method nd 15 the one stll used 1n most Jabora
tories because of uts proven dependabiiity However it does
measure some reducing substances other than glucose so
the Somogy: method which measures only glucose 15 being
set up 1n some laboratories and 1s the present one m use
1t the Unneraty of Cilforma Hosprtal Values with the
Somagy1 procedure are generally about 20 mg below those
found with the older Fohn Wu so 1 knowledge of which
method 1s used may be important 1n the clinictl mterpre
tation Both methods follow

Folin Wu method Venous blood 1s dswn 1nto an oxa
jate tube A protewn fre. filtrate 15 prepared as follows

One cc of blood 1s diluted with 7 cc of disulled water

and mixed One cc of 109, sodwm tungstate 1s then

added and after mrang 1 co of 2/3 N sulfunic acd 1s
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added This results 1 a dark brown mixture which 1s
filtered yielding a water clear filtrate The sugar test 1s
dependent upon the reaction of the sugar with an alkaline
capper solution—this results 1n a blue color the depth of
which 1s m proporuon to the amount of sugar Two cc
of the clear filtrate 1s placed 1n a blood sugar test tube
(graduated at 2> cc} and 2 ce. of two standard sugar solu
tions are placed 1n each of two other tubes The standard
solutions contain respectively 1 mg of sugar per 10 cc and
2 mg of sugar per 10 cc thus the 2 cc. of each contarn
02mg and 04 mg of dextrose To each of the three tubes
15 added 2 cc of alkaline copper solution (prepared by
dissolving 40 gm of anhydrous sodium carbonate 1n 400
cc of water adding 75 gm of tartaric aad and then 45
gm ol crystallized copper sulfate made up to a volume of
one Niter) The three tubes are bailed in a water bath for
6 munutes and then cooled m cold water Two cc of
molybdate phosphate solution 15 then added to each tube
(This 15 prepared by mixing 32 gm of molybdic aad and
5 gm of sodium tungstate m 200 cc of 10%, sodmm
hydreade and 200 cc of water The mixture 15 botled for
20 to 40 minutes to remove the ammoma cooled diluted
to 320 cc and then mixed with 125 cc of concentrated
(85%) phosphoric aad Fmal dilution to 500 cc 1s then
performed )

A blue color forms and the volume 1s then made up to
2> cc with disulled water After miuing the unknown
and the weaker standard are compared 1n the colorimeter
The depth of the standard (in mm ) 1s multiphed by 100
and divided by the reading of the unknown gning the
sugar content 11 mg per 100 cc of blood If the stronger
standard 1s used the depth of the standard 15 multiphied
by 200

Somogy1 method® (blood glucose only) Venous blood
1s drawn and placed 1n an oxalate tube In preparation of
the filtrate 1 cc of the oxalated blood 15 mixed with 1o ce.
of distilled water and 2 cc of barium hydroxide solution
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fater (2t 8 am) before allowing breakfast Normil mdi
viduals show a Iall of over 500, while thoswe with Add:
son s disease conssstently fail to fall to 509 of the ongnal
level 17 hetosteroid excretion can also be checked before
nd ter the course of corticatroptn (ACTH) nd nor
mally ises to and bose the upper imuts of normal ex
cretion

Pattents with Zypofutuitarism and secondary adrenal
cortical atrophy show an essinoplule drop greater than the
Addisonian and usually over 509,

It 15 of mterest to note that the hymphocytes respond 1n
the same manner s the eosinaphiles wn the 1bove tests—
but the eosinopinfe count 1s at present the more accepted

BLOOD SUG 4R DETERMINATIONS AND GLUCOSE
TOLERANCE TESTS

These are occasionally of considerable 1mportnce mn
cndocrine diseses The method of mewsuring the blood
sugar 15 now m a state of flus The older 15 the classicyl
Folin Iy method and 1s the one sull used 1n maost hbora
torics becuse of 1ts proven dependability However 1t does
measure some reducing substinces other thin glucose so
the Somogys method which measures only glucose 1s betn.,
set up mn some laboratories 1nd 15 the present one m use
at the University of Californ Hospital Values with the
Somogy! procedure are generally about 20 mg below those
found with the older Folm Wu so 1 knowledge of which
method 15 used m1y be importane m the chinical interpre
tation Both methods follow

Folin Wu method Venous blood 1s driwn into an oxa
late tube A protem free filtrate 1s prepared s follows

One c of blood 15 diluted with 7 e of distslled water

and muxed One cc of 109 sodium wungstate 1s then

added and after mrang 1 cc of 2/3 N sulfuric acid 15
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13 adjusted to give 1002, transmussion through the blink
An Evelyn 515 filter {green) 1s used which grves maximum
transmussion at 500 to 520 wulinucrans

“The blooct glucose values wre then read directly from a
graph wath curve made up from standard solutions ¢

Glucose toleranice fests are generally sannsfectory using
the classical method as follous

Fastng blood 15 drawn nd urme collected amd then the
pauent drinks 100 gm of glucoe 1 water flavored with
lemon Blood and urme specimens ave taken at 30 munutes
one wmo three and occasionally four five and si hours
afterwards The longer tests are performed partrcularly of
a hypoghycemuc tendency 15 suspeated as the hy poghycemic
dip m the curve may not ocenr vaul the fourth fith or
ssxth hour

Some variitions have been suggested 1o the method of
performmg this test such as gvin, the glucose according
to the weight of the patsent (justified m children) gning
glucose mote than anee or givang the glitose weravenously
{occastonally jusufied tf absorpoion from the jastromtest
nal trace 15 ympaired or abnarmal) Howeser the method
given abote 15 yenerally sausfictory

There has been some discussion concerming the neces
sity for special dier before performng the ghucose toler
ance test In general the preceding chet swill mot grossly
affect the glucose tolerance curse if the carbohydrate ntale
has been between 100 gm nd 300 ym daly Nearly ol
diets aflord an mtake of carboldrate withm these Tty
~the possible excepuion bemr, 2 panent with severc
anoresta nervosa Such a patient should be fed a fugh
carbolndrate diet vever ol days before the test 1n order to
obwun a wrue picture of his ¢ipacty to handle glucose

The normal glucose tolerance curve 1s as follows Fasting
tevel between 80 and 120 me 7 (Folin Wy method) with
a tise to a perk of 130 to 160 m, 9, n one half to one
hour followed by a fall to the fasting Jevef wathin 2 hours
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added (1he latter 1s prepared by adding 21 gm Ba (OH)
to enough water to fill 2 500 «c volumetric Rask making
03N B (GH) This s adjusted with aine sulfate solution
(preparation given below) to a pm\ end pommt using
phenolphihnlein s an wndicator Further adjustment 15
nde by adding water unul 47 to 48 cc of barrum hy
dronide are sequured to titrate the zinc sulfate The solu
tion should be stored 1 a boule protected from the CO
of the asr by soda lime)

The muture turns brown and then 2 cc of zuc sulfate
solution are added (prepared by dissohing 2> gm of
/n80, 7 H O n distlled water and bringng to volume
i1 a 900 cc volumetric flash) This s filtered and yields a
der Iihirate € hecose dete 15 accomphished by
plaan, 1 cc of the filtrate tn 2 sugar tube graduated at
20 cc In a stmular tube 1s placed 1 cc of disulled water
One cc of copper reagent 1s added to each (The copper
regent 4s prepared by dnsolving 28 gm of anhydrous
duodium phesphate and 40 gm of Rochelle salt in 700 cc
of water and then adding 100 ¢ of normal sodmum
bydroxide Eighty cc of 1 10% copper sullate solutton
are added with stwnng and then 180 gm of anhydrous
sodium sulfate This 1s dituted to a hier alowed to stand
for 1 to 2 dnys ind filtered )

The solutions 1n the tubes are myved and then heated
for 10 munutes 1 1 botling water bath After coohing 1n
cold water 1 ce of arscnomolybdate color reagent 1s added
to exch wbe muxed and diuted to 2 cc with disulled
wates They sre then muxed and vead m a photoclectric
colorimeter (The arscnomolybdite color reagent s pre
pared by dissolung 25 gm of ammomum molybdate
10 cc of distlled water adding 25 cc of concentrated
H,S0 wmuang 1nd addm, % gm of Na HAsO 7HO
dsssolved 1n 20 cc of water This 1s mixed mcubited at
$7 C for 24 to 48 hours and then stored 1p a brown glass
stoppered bottle §

In perornun,, the colorimetcr readin,, the colonmeter
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15 adjusted to give 100% transmussion through the blank
An Evelyn 515 filter (green) 1s used which gives maximum
transmussion at 500 to 520 milhmicrons

The blood glucose values are then read durectly from a
graph with curve made up from standard solutions *

Glucose tolerance tests are generally satisfactory using
the classical method as follows

Fasung blood 1s drawn and urine collected and then the
patient drinks 100 gm of glucose 1 water flavored with
lemon Llood and urine specimens are taken 2t 30 minutes
one two three and occastonally four fise and six hours
afterwards The longer tests are performed particularly if
a hypoglycemic tendency 1s suspected as the hypoglycemic
dip 1n the curve may not occur unul the fourth ffth or
sixth hour

Some variations have been suggested 1n the method of
performing this test such as grving the glucose according
to the weight of the pattent (Justified i children) grving
glucose more than once or giving the glucose mtravenously
{occastonally justified 1f absorption from the gastrorntesti
nal tract 1s 1mparred or abnormal) However the method
giien above 1s generally sausfactory

There has been some discussion concerning the neces
sity for speaial diet betore performing the glucose toler
ance test In general the preceding diet will not grossly
affect the glucose tolerance curve if the carbohydrate intake
has been between 100 gm and 300 gm daly Nearly all
diets afford an intake of carbohydrate within these imits
—the possible exception being n 1 patient with severe
anoresa nervosa Such a pauent should be fed a gh
carbohydrate diet several days before the test 1n order to
obtamn a true picture of lus capacity to handle glucose

The normal glucose tolerance curve 1s as follows Fasting
level between 90 and 120 mg @ (Folin Wu method) with
a rise to a perk of 130 to 160 mg ©, n one half to one
hour followed by a fall to the fasting level within 2 hours
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added (The latter 15 prepued by adding 24 gm Ba (OH)
to enough water to fill a 200 cc volumetric sk, miking
03 N B1(OH) This is adyusted wach zine sulfate solution
(prepration given below) to 1 pmnk end pomt using
phenolphthilein as wn mdicator Lurther adjustment 15
made by adding water unul 17 to 48 cc of banum hy
droxyde are requured to titrate the znc sulfate The solu
ton should be stored i 3 bottle protected from the CO
of the air by sodd 1 lime)

Ihe nmuxtare turns brown nd then 2 cc of zinc sulfate
solutton are added (prepared by dissolung 20 gm of
£n30, 7 H,O mn distitted w1ter and bringin,, to volume
m t 500 cc volumetnic flash) Thas s filtered and yields a
clear filtrate Clucose determination 1s rccomphished by
placn, 1 cc of the filtrate 1n a sugar tube graduated at
25 ¢c In a stmilar tube 1 placed 1 we of disulled water
One cc of copper rengent 1s added to ewch (The copper
reagent 1s prepared by dissohing 28 gm of anhydrons
disodium phosphate and 40 gm of Rochelle 571t i 700 cc
of water and then adding 100 cc of normal sodium
hydroxide Lighty cc of 1 10% copper sulfate solution
we added v ith stirning and then 180 gm of anhydrous
sodnum sulfate Thes 1s dituted to a Iiter allowed to stand
for 1 to 2 drys and filtered )

The solutions 1n the tubes e muxed nd then hevted
far 10 munutes m 2 botling water bath After cooling 1n
cold water 1 cc of arsenomolybdate color regent s added
to ewh tube mixed and diluted to 2 cc with disuiled
witer They we then mived 1nd read 1 2 photoelectric
colorimeter (The arscnomolybdate color reagent 15 pre
prred by dissolung 25 gm of ammomum molybdate 1n
450 cc of disulled wuer 1dding 2 cc of contentrated
H SO moung wd wding 3 gm of Na, HisO 7 H,O
dissohved m 20 o of water This s mixed wcubnted at
37 G for 24 1o 18 hours and then stored 1n 1 brown glass
stoppered bostle )

In performing the colorimeter reading the colonmeter



SPECIAL TESTS OF BLOOD 15

15 adjusted to give 100%, transmussion through the blank
4n Evelyn 515 filter (green) 1s used which gives maximum
transmussion at 500 to 520 mullimicrons

The blood glucose values are then read directly from a
graph with curve made up from stindard solutions

Glucose tolerance tests are generally satisfactory using
the classical method as follows

Fasting blood 1s drawn and urine collected and then the
patient drinks 100 gm of glucose in water flavored with
lemon Blood and urine specimens are taken at 30 mnutes
one two three and occasionally four five and siv hours
afternards The longer tests are performed particularly 1f
a Iy poglycemic tendency 1s suspected as the hypoglycemic
dip 1n the curve mty not occur until the fourth fifth or
sixth hour

Some variations have been suggested 1n the method of
petforming this test such as giving the glucose according
to the weight of the patient (Justified m children) grung
»lucose more than once or giving the glucose mtrasenously
{occasionally justified 1f absorption from the gastromtestl
nal tract 15 impartred or abnormal) However the method
given above 1s generally sausfactory

There has been some discussion concerning the neces
sity for spectal diet before performing the glucose toler
ance test In gener1l the preceding diet will not grossly
affect the glucose tolerance curve if the curbohydrate mtake
has been between 100 gm and 300 gm daily Nearly all
dets afford an intake of ctrbohydrate within these limits
—the possible exception being in a patient with severe
anorexia nervosa Such a patient should be fed a high
carbohydrate diet several days before the test 1 order to
obtain a true picture of lus capacity to handle glucose

The normal glucose tolerance curve 1s as follows Fasting
level between 90 and 120 mg 7, (Fohin Wu method) with
a rise to a peik of 130 to 160 mg 7, m one hlf to one
hour followed by a fall to the fasting level within 2 hours
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Such a normal curse may be mmportnt i the diagnosts
of diabetes insiprdus

A high glucose tolerance curve (indicating low tolerance)
1 found classically 1n diabetes mellitus It 15 also seen when
dirbetes complicates Cushings syndrome acromegaly
gigantism adrenal cortical tumor or hyperplasia, adrenal
medullary tumor and arrhenoblastoma

Hj perthyrordism usuaily shows 1 charactenstic curve
with 1 tendency to 1 quick high nise and a relatively early
£l Tlus will cause glycosurin but such patients may not
be true diabetics and frequently cure of the hyperthyroid
1sm will cruse 1 disapperrance of both the tendency to
elevated blood glucose md the glycosurn Recently re
ported observations by Berger® mdicate that wdministra
tron of 100 umnits ot cortrcotropu (ACTH) 1 hour before
the glucose tolernce test cuses higher blood sugar levels
m pauents who are dnbetics and also i siblings of
known dirbetics whose previous control glucose tolerance
curves have been normal He offers the interesting sug
gestion that in the Itter group potental dirbetics may
be discosered by this means who would otherwise be
mmssed

Low glucose tolerance ¢urves (ligh sugar tolerance) are
seen clssically 1 paunents with Jypermsulinism, particu
Iarly with a ber cell tumor of the pancreas With a muld
hypoglycemic tendency 1t 15 important to run the glucose
tolerance test for 5 or 6 hours as 1t may require that
length of ume for the hypoglycemic dip to be mintfest
Also when testing for this tendency 1t may be necessary
to take an extra blood sugar not on the routine schedule
when the pitent develops signs or symptoms suggesting
hypoglycemta This may dicate 1 hypoglycemuc fall 1n
the curve nliuch will return to morc normal levels later
as glycogen 15 freed from the Iver The tendency to hypo
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glycema 1s seen with svarying intensities in Simmonds
disease and in Addison s disease In both of these condi
tions 1t may be very marked and deaths from hypoglycerma
have been reported

Relatwely lou flat glucose tolerance curves are found n
prustary mfantilism myvedema and cretinism

THE INSULIN TOLERANCE TEST

Ths 1s used occasionally as a test for diminished func
tion of the anterior pituitary and demonstrates the pa
tient s degree of sensitivity to mnsulin

Method A fasting blood sugar s taken and then a dose
of 1710 umt of regular msulin per kg of 1deal body weight
15 given intravenously Blood sugar level 15 again tested
20 30 45 60 90 and 120 murnutes after the njection
Normally the level of blood sugar will fall to about
50 of the fasting level 1n 20 to 30 minutes and then will
rebound to the fasting level in 120 minutes

Hypoglycemuc reactions can occur with this test par
trcularly 1f the patient has hyperinsulinism Simmond s
disease or dddison s disease If any of these conditions are
suspected 1t 15 prudent to use only one half to one third
of the recommended dose of insulin and also to have
glucose ready for intravenous injection mnt case a hypo
glyCleC Crisis appears

PLASVIA CHOLESTEROL

The level of the plasma cholesterol 1s occasionally
helpful as additional information 1 estimation of thyroid
function

Method Venous blood 1s drawn and placed 1n an oxa
late tabe One cc of plasma 1s transferred to a 2 cc
volumetric flask and 15 cc of a mixture of equal parts of
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929, leotiol wnd acetone 15 added m 1 rapid stream while
heeping the plasma in motion A finely suspended precips
tae results The flask 1s placed i borling water bemg
kept 1n motion to 1oid bumping unul the solvent boils
It 15 cooled to room temper wure wind the volume made up
to 2> cc with the alcohol acetone nuxture T lus 15 sap-
pered mied thoroughly and filtered nto a dry test tube
(1 watch glass over the funnel will mmmuze evapora
ton of the solven) A denr filtrate results
and precipitation 1s the next step nd for
this l\\O to three drops of potissium hydroxide solution
(10 gm ol reagent grude potasstum hydroxide in 20 cc
of dhstiiled water) are placed n 1 15 co griduated centn
fuge tube and 3 cc of the clear filtrate added This 15
mped by drawing up and down in the pipette unul no
droplets of 1ik2dr can be seen The tube 1s then pliced in
a preserving jar contumng a layer of sand abour 3 cm
deep previously heated 1 1 water bath to 45 C The jar
1s ughtly closed and placed 1n an sncubstor at 37 to
40 C for 30 mimutes The tube 1s then allawed to cool to
room temperaturc and the acetone alcohol mixture added
to the 6 «c mark One drop of phenolphthalemn solution
(1 gm of phenolphthalemn diluted to 100 cc with 9%,
alcohol) 1s added followed by 109 acetic acd drop by
drop with mrung unii the red color disippears One
drop in excess 1s added followed by 3 cc of digironun
solution (500 m,, of digttonin dissolved m 100 cc of 509,
alcohol) and then by thorough mixmng The tube 1s then
placed 1 a preserving jar covered ughtly and allowed to
stand at room temperature for at least three hours After
stapding 1t 15 centrrfuged for 15 munutes at 2600 rpm
following which the supernatant flurd 15 decanted and
draned i an inverted postion The walls of the tube are
then washed w1th 2 to 3 cc of ether the precipitate mixed
and again centrifuged for 5 minutes at 2000 rpm
Development of the color is the next step For this 2
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shallow pan contamning a layer of sand 3 cm deep 1s heated
to 110 to 115 € 1 an oven The tube containing the
washed precipitate 1s placed in the pan and left in the
oven for 0 munutes Then while the tube 1s sull n the
hot sand 2 cc of glacal acenic aad 1s added mn such 2
manner that 1t washes the walls of the tube Thus 15 well
mrxed left 1n the hot sand for an additional two mimutes
and then removed and cooled to room temperature After
this the tube 1s placed in + water bath at 25 C with
light excluded and allowed to come to temperature
equilibrium Four cc of cold acetic anhydride sulfuric
acid reagent 1s added muxed and the tube returned to
the bath for 27 minutes It 1s then transferred to an
Evelyn tube and tead within the next 10 minutes (The
acetic anhydride sulfuric acid reagent 1s prepared just
before use Twenty cc of rcetic anhydnde 15 placed i a
glass stoppered cylinder and chilled 1 1ce water One cc
of concentrated sulfuric aad 1s added gradually with
muxing and cooling The mrxture 1s stoppered shaken
vigorously and kept mn 1n 1ce bath It should be used
within one hour)

A standard solution of cholesterol for compatison 1s pre
pared by dissolving dry cholesterol 1n glactal acetic aad
Thus stable stock solution should contamn 1 mg of cho
lesterol per cc It ts kept 1n a cool temperature Before use
1t 1s warmed to room temperature and diluted with glacial
acetic aaid so that the dilute standard will contain 02
mg cholesterol m 2 cc This dilute standard 1s stable for
about two months

In reading the color 2 cc of the dilute standard solu
tton 15 placed 1n a centrifuge tube Thus also 1s left in the
water bath at 25 C and illowed to come to temperature
When ready 4 co of the cold acetic anhydnde sulfuric
acid reagent 1s added This 1s muxed and returned to the
bath for 27 munutes then transferred to an Evelyn tube
and read within 10 minutes A blank 15 stmilarly pre
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pared except that 2 cc of acetic acid alone 15 used wstead
af the standard cholesterol solutton The specimens are
rewd m 1 phatoefectric colorimeter using a 63, filter nd
6 cc aperture Calculition 15 as follows

Density of unknown x 02 x 100

= Total m mgY,

Density of standard ¢ 012

There 15 some difference of opnion concerning the nor
mal range In some texts this 1s smd to be from 150 to
190 mg % wlule other authouties believe that the level
15 to be considered normal anywhere between 100 and
300 mg ¥, It 1s of some value 1o become famibiar with
the results of the test as performed in one labortory or
preferably even by one techmann In the expertence of
the writer most norml patients bave Jevels between 150
ind 225 mg Y,

With lowered thyrowd function (hypotiyrordesm myx
edema) the values tend to be Jugh (300 to 1000 mg %)
while with increased thyrod funcuion (hyjerthyroudism
exophthalmic goiter) the cholesterol lesels 1re lox or lou
niormal The test 15 not 25 dependable as the basal meta
bolic rte or blood 10dime but occasionaily provsdes helpful
corrabortive evidence and may be espectally valuable
m folloning the effects of treatment Furthermore 1t ss
vseful 1n duldren who cannot cooperate properly i the
performance of the basal metabolic test I thyroid sub
stance 15 being administered and the cholesterol 1s still
above the normal range the dose of thyraid should prob
ably be mcreased 1f a panent with apparent myxedema 1$
found to have a normal cholesterol the posstbility of
primary pituitary rather than thyroid mysedema must be
consnidered This 1s of considerable importance as the tha
types of myedem should he handled dafferently Adminis
tratian of thyroid to a patient with pituitny mysedema
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may precipitate an adrenal cortical crists and fatality The
cauttous use of small doses 15 mmperative

High levels of plasma cholesterol are also seen 1n
dhabetes mellitus partcularly m the presence of acdosis
and mn vanthomaiosis shghtly high levels are found 1n
Cushing s syndrome adrenal cortical tumors and virthism
Shghtly low levels may be found 1n piturtary fantilism
hypersnsulinism and in Addison s disease

The recent work of Gofman and colleagues® 1n frac
tionating the serum hipids by observing therr flotation 1n
the ultra-centnifuge has aroused considerable interest and
discussion It 1s suggested that the gant molecules of
the cholesterol complex are assocrated with the develop-
ment of atherosclerosis Accumulation of correlative chim
cal data 15 proceeding and 1s awaited with great mterest

BLOOD IODINE
Estimation of the proten bound 1odine content of the
blood as a test for thyroid function 1s bemng employed
with increasing frequency This fraction 1s generally con
sidered to be the hormonal 10dine and thus the test should
be a hughly accurate measure of the amount of circulating
thyroid hormone W ithm certain himitations this 1s true
However the test 15 dehcate sery sensive and techma
cally difficult The results are expressed n micrograms
rather than mulhigrams and the 1odine atself acts as a
catalyst 1n the reaction so 1s not the measured end point
There may be considerable difficulty 1n setting up the
test but once 1t 1s working well 1t 15 usually rehable
Method. 3 modification of that reported by Salter and
Mchay 1s used
One cc of the unknown blood serum 15 placed n an
ashing, tube and diluted with 2 cc of disulled water
05 cc of 105, zinc sulfate and after mixing 05 cc of
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pared ¢xcept that 2 cc of acetic acid alone 1s used instead
of the standard chaolesterol solution The specimens are
read i a photoelectric colorimeter using a 630 filter and
6 cc aperture Calculation 1s as follows

Density of unknown x 0.2 x 100

= To: 4
Density of standard X 012 otal 1w mg7

There 1s some difference of optmon concerming the nor
mal range In some texts this 1s sud to be from 150 to
180 mg %, while other authonties believe that the level
15 to be considered normal anywhere between 100 and
300 mg %, It 1s of some value to become familiar with
the results of the test as performed mn one Iabortory or
preferably even by one technictan In the expertence of
the writer most normal pattents have levels between 150
and 225 mg 9,

With lowered thyroid function (hypothyrowdism myx
edema) the values tend to be high (300 to 1000 mg %,
while with increased thyroid funcuion (hyperthyrowdism
exophthalmic goter) the cholesterol levels are Jow or low
normal The test 15 not as dependable as the basal meta
bolic rate or blood 1odine but occasionally provides helpful
corroborative evidence and may be especially valuable
m following the effects of treatment Furthermore 1t 15
useful in children who cannot cooperate properly in the
performance of the basal metabolic test If thyroid sub
stance 1s bemng administered and the cholesterol s still
above the normal range the dose of thyroid should prob-
ably be increased If a pauent with apparent myxedema 15
found to have a normal cholesterol the possibility of
primary pituntary rather than thyroid myxedema must be
considered This 1s of considerable importance as the tvo
tvpes of myxedema should be handied differently Adminis
trauon of thyroid to a pattent with pituitary my<edema
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may precipatate an adrenal cortical crisis and fatality The
cautious use of small doses 1s imperatrve

High levels of plasma cholesterol are also seen
diabetes mellitus, parucularly 1n the presence of acidosis
and n vanthomatosts shghtly high levels are found m
Cushing’s syndrome adrénal cortical tumors and virilism
Shightly low levels may be found 1 paturtary infantilism,
hypenmnsulinism and 1n Addison s disease

The recent work of Gofman and colleagues® n fric
tionating the serum hipids by observing their flotation n
the ultra centnfuge has aroused considerable interest and
discussion It 1s suggested that the gant molecules of
the cholesterol complex are associated with the develop
ment of atherosclerosis Accumulation of correlative clim
cal data 1s proceeding and 15 awaited with great interest

BLOOD IODINE
Estimation of the protemn bound iodine content of the
blood as a test for thyrord function 15 bemng employed
with increasing frequency Thus fraction 1s generally con
sidered to be the hormonal todine and thus the test should
be a hughly accurate measure of the amount of circulating
thyroid hormone Within certain hmatations this 1s true
However the test 1s delicate very sensive and techm
cally difficult The results are expressed in micrograms
rather than milligrams and the iodmne 1tself acts as a
catalyst 1 the reaction so 15 not the measured end point
There may be considerable difficulty mn setting up the
test but once 1t 15 working well 1t 15 usually reliable
Method A modification of that reported by Salter and
Mehay? 1s used
One cc of the unknown blood serum 1s placed 1n an
ashing tube and diluted with 2 cc of distilled water
05 cc of 10% zinc sulfate and after miung 05 cc of
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05 N sodmm hydrovide This is mixed and allowed ta
stand for one half bour and then the ube 15 centrifuged
unti the sediment 15 well packed This 15 washed with
2ce of distifled water and recentrifuged The supernatant
flurd 15 discwrded nd ¥ e of 1N sodwm carbonate 15
added to the sediment The tube 15 then placed 1 a drying
oven for 48 howrs 2 110 C or until dry The sample 15
ashed 1n a2 muffle furnace 1t 680° C for 2 hours

The deternunation 15 made by adding 4 cc of T N
Ihydrochlonic acsd The sides of the tube are scraped donn
with 1 glass rod nd alter eflersescence has ceased 2 cc
of 7 N sulfunic aad and 1 ¢c of distriled water are added
Alter miving the contents are poured o a ¢entrifuge
tube and centrifuged uaul the sedument 15 well packed
Two colorimeter tubes are then wsed—1o one of which
1s wdded 1 oo ot distlled water \ 3 cc aliquor of the
superpatine flud of the unknown is pipetted into each
colorimeter tube and 05 cc of 01 N sodium arsenite
sotutian s lso added to each tbe The colorsmeter tubey
md 2 01 N ceric ammomum sulfte solution i 16 N
sulfurrc aad are placed 1 3 constant lemperature water
bath a1 39 € for one hour or unul up to temperature

The amount of 1odine 1s proportional to the e of the
reaction between the ceric ammonmm sutfate and the
sodium arsenste which causes the brght yellow color
of the ceric emmontum sulfate to disappear One cc of
cersc ammonwm sulfaite solntion 35 added to each tube
and readings are taken at 6 and 12 sunutes The reaction
rates are plotted on semalog paper with colommeter
readings plotted agawnse ttme 1n minutes Caleulation ts
then made by the follown, formula

a t
Nz e
[
a  equalk known amount of sodme added to colonimeter whe
t equals tme in nunutes at antercert of the sate of the whe con
tamtng no exra sodine with designated homontal
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t equals ume 1 minutes at intercept of the rate of the tube con

tainino the added 10dine with the same designated horuzontal

Since the colorimeter tube contamns 2 3 cc aliquot of the

7 cc sample the concentration of the iodmne in the

unknown serum will be A X 7/3 x 100 (mucrograms %)

The normal range m our experience 1s 4 to 8 mucro

grams %

With kyperthyroidism the values are ebove the normal
range and with hypothyroidism they are below 1t Any
1odine contaiming medications (including thytoid) must
be stopped for four to five days before the day of the test
No 1odine should be used on the skin for sterilization at
the time the blood 1s drawn If any organic todine 1s given
as for a cholecystogram 1ntravenous pyelogram or myelo
gram the values will be high for a period of weeks to
months—thus rendering the test valueless as an indication
of level of thyrowd function

Blood 10dine determinations re as yet done n fairly
few laboratories so that the available ones are frequently
overworked as a consequence one 1s often delayed n
learning the results of an individual test These factors
of hmited availability and slow reporting will undoubtedly
be gradually ehminated particularly 1f a sumpler method
1s developed Unul this occurs however measurement of
the basal metabolic rate will not be supplanted by the
blood 1odime test Finally the test seems to be a better gauge
of hyper than hypothyroidism Furthermore the narrow
Tange i micrograms 1s to be contrasted with the far more
striking range of percentage n basal rate (10 to 50%, mimus
i hypothyroidism and 10 to 100% plus i hyperthy
roidism)

SERUM CAROTIN

An 1ncrease 1n this factor 1s occasionally of interest i

hypothyroidism
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Method \n equal volume of serum 1s mixed with 957
alcohiol To thus an equal volume of petroleum ether 1s
added This 15 mixed by shaking to exsract the caroun
and alloned to stand for layering A yellow color m the
upper (petroleum ether) layer tndscates an excess of caroun
0 the serum The result may be reported as positive
or the wtensity ol the color may be roughly indrcated as
12 3or4plus

Carotinerua (increased blood caroun) has been found
to be present i most patients with unireated myxedema
It s 1¥so found occasionally 1n other condttions associated
with low bisal mettholic rates ncluding Stmmonds dis
ease and hypogonadism A dietary cause for the carots
nemia {excessive intake of carotin contarmng foods) must
be excluded

SLRUM CALCIUM PHOSPHORUS AND
ALKALINE PHOSPHATASL

These can be considered together and are of speual
unportance o the diagnosss of diseases of the parathyrosds
or other metrbolic bone diseases

Method for serum calceum Two cc of serum are placed
m a 15 ce graduated centrifuge tube contaning 2 cc of
water (The outside diameter of the tube should be 6 or 7
mm at the 01 ¢« mark ) One cc of saturated ammomum
oxalate solution 1s added (2 gm per 100 cc of water)
These are mved with a arcular motion and the mixture
allowed to stand for at least 4 hours The contents are
agamn mned and then the tube 15 centrfuged at 1500
rpm for 10 minutes The supernatant g5 poured off and
297 ammonsum hydroxide 15 added up to 4 co mn such a
manner that 1t washes down the sides of the tube This 15
muned by a crcular motion untf the precipitate spurals up
1 the center (all need not be mixed) The tube 13 then
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centrifuged for five minutes and the supernatant again
removed by decantation Following this the crystals are
dissolved 1n 2 co of approimately normal sulfuric acd
and the tube and contents heated 1n a boiling water bath
for two munutes Titration 1s then performed immediately
with Nf100 potassium permanganate to a defintte pink

color that persists for at least one minute
A blank 1s prepared fresh each day in order to stand
ardize the permanganate solution For this 2 cc of N /100
sodium onalate 15 mixed with 2 ¢¢ of normal sulfuric
acid heated 1n boiling water for two munutes and then
utrated with the N/IO0 potasssum permanganate Then
2« (sodmm oxalate)

equals correction factor
—tc RMnO

Final caleulation 1s then performed as follows
—cc KMnO used on unknown \

Correction factor X 02 x 100 equals serum calcium m mg
- T {cc serum used) per 100 cc of serum

The normal range 1s 9 to 11 mg °, (However 1t 15 also
mmportant to know the level of the total serum protem
for 1f this 1s low 2 greater percentage of the total calaum
will be n the diffusible form—eg with a total protein
of 4 gm %, a serum calaium of 7 mg %, would be normal )

Method for serum morgame phosphorus In drawing
the blood precautions are taken to prevent hemolysts
One cc of serum 15 placed 1 a 25 cc volumetric flask
with 5 to 6 cc of disulled water Four cc of 40%, tn
chloracetic acid 1s added and the flask filled to the 25 cc
mark A pinch of kaolin 1s added and after standing for
10 munutes the mixture 1s filtered durectly into 2 test
tubes measuring volumetrically so that there 1s a 10 cc
ahquot 1n each tube Two cc of a molybdate solution 1s
added to each tube (This solution 1s prepared by dis
solving 125 gm of ammonium molybdate in water dilut
g to 100 cc and then mixing 1n 1 50 o glass stoppered
bottle with 150 cc of 10 N sulfuric acid Thas 15 brought
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to velume and 15 relable for 6 months ) Next 08 cc of sul
furie reagent 55 added to exch tbe and after standing
for exactly 26 nunutes the solution 15 trapsferred to an
Ervelyn tube and read using 2 660 filter 1n a photoelectnic
colorsmeter {The sulfuric reagent 13 prepared by dissolsing
200 mg of aminonaphtbolsulfonic acid mn 78 cc of 129,
sodinm bisulfate and 1 cc of 209, sodm sulfate Alter
stoppertng nd shalung wore of the sodism sulfate may
be added 1n 1 cc amounts until the reagent 1s clear This
1s relinble for two weeks)

A blank 15 set up each ume measuring durectly mio a
wst tube 7 cc of water 3 ce of 209 trchloracetsc aad
and mrsang Two e of 1 molybdate solution 1s then added
{prepared simsiarly to the above except that 20 cc of
10 N sulfuric acid s used mstead of 150 ¢} Aiter mix
mg 88 ¢ aof the sulfunc reagent s added and the mx
wire 2llowed to stand for caactdy 20 mnutes It s then
transfersed to an Lvelyn tube and the colormeter ad
pusted 1o give 1009, transmission

The serum phesphorus salue 15 then rewd using the
unknown —nd rewling directly from a graph with curve
made up from swandard solutions of potassiem drhydrogen
phosphate

The normal values for serum norganc phosphorus in
this ebotatary ave 3 do 4 mg % for adults and up 10 5
mg for children

Method for alkaline phosphatase Onehalf cc of un
hemolyzed serum 1s placed m a 2o cc volumetsic fask
with 10 ec of alkalne substrate at 37 C and then mnen
bated for one hour at 37 € (The alkalime substrate 1s
prepared by adding exactly 106 gm of sodim barbstal
ta 125 gm socim betaglycerophosphate and dilutng to
olume tn 1 250 ¢ volumetzic Rask S drops of chiloro
form re added The substrate 15 rehable for one month
i continuwously refrigerated Before nsing the pH must
be tested at 87 C alter incubation for one hour a1 37 C
—stshould be pH O3 =015}
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After mcubation the mixture 15 cooled under tap water
and 4 cc of 40%, trichloracetic acid 1s added The solution
15 brought to volume (25 cc} a pinch of haolin added and
after standing for 10 minutes 1t 15 filtered directly into
two test tubes with a 10 cc aliquot 1n each tube Two cc
of the molybdate solution (prepared as on page 25) 1s
added to each tube and after mrung 08 cc of the sul
furic reagent 15 1dded (prepared as on page 26) This 15
allowed to stand for exactly 20 minutes and then trans
ferred to an Evelyn tube and resd 1n a photoeletric
colorimeter using a 660 filter Thus result 15 then read di
rectly from the phosphorus curve as described on page 26
A serum phosphorus determinatton must be performed
sumultaneously and the value for the phosphatase 1s ob
tamed by subtracting the result of the phosphorus test
from that obtamed with the phosphatase test multiplying
the phosphatase by two before the subtraction (to correct
for the smaller amount of serum used mn the phosphatase
test)

The normal values in this laboratory are from 0 to 5
units Since the method was origimally described by Shino
wara Jones and Rewnhart ® these are frequently referred
toas SJ and R umts and are comparable to the more
widely known Bodansky units

The blood calcium ts high (usually from 11 to 16 mg %,}
n hyperparathyrordism and 1 vitamun D sntoxication—
and may be slightly high i Paget s disease of bone It 1s
low (usually under 7 mg %) i hypoparathyrowdism
(tetany) and has been found to be moderately low 1n S:m
monds disease Addison s disease and in eunuchordism

The Ulood phosphorus 1s lugh (usually trom ¢ to 10
mg %) 1n hypoparathyrordism (tetany) and may be slightly
high in diabetes mellitus acromegaly and Addisoman
crins It 1s low (usually under 3 mg %) in hyperparathy
rordism and s shightly low 1n hypennsulimsm
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There 15 suggestine evidence that the level of serum
phosphorus xnay indicue the amount of crculating an
terior prtuiiary grouth hormone A level of over 4 mg %
s been considered evidence of w neressed wmount of
growth hormone as i the active stages of acromegaly and
gigantism This finding 1s sttll being confirmed

The alkaline phosphatase s mereased speafically m
Paget s discase of bone and 1s of dignostsc myportance i
this conduton 1t ts wlso wmereased 1f bone 15 imohed m
Iy perparathyrordism (up 1o 20 S J SR unus) but may be
low 1 thar condution 1f there 15 no actinty m the bones
It 15 moderately ncrewsed mn Albnghts syndrome (poly
ostotic fibrous dysplwsin) In osteoporosis paruicularly the
seutle or menopaunt types the bood ccium phosphotis
and alkabne phosphatise are nsually nithin normo} himats

The acrd phosphatase has been reported to be eletated
m some patients with careinoma of the prostate especially
if there 1s metstatic smoltement of bone

SERUM ELECTROLY TS (SODIUM TOTASSIUM
CHLORIDE)

Study of blood levels of these constituents are partict
arly important i disewses of the vdrenal cortex. These my
be pnimary or secondary to diseise of other endocrine
glwds Adrenal cortic} dysiuncuon may lso resnlt from
non endocrine diseases or  Stress

Sernm sodmm methed A Perluns Elmer flame pho
tometer 15 used mn our labortory TFinus 15 an emission
spectrometer combungd with a flame source and a photo
electrac detection svstem for the metsirement of imensity
of bght The unknown serum s diluted 17100 and a
Inhwum nsirate sofution (made by dissolving 139 gm of
Lithium narate m 2 Diters of witer) s diduted 1710 The
fatter 15 used as an nternal standard  with the bight of
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the unknown element being compared directly to the light
emitted by the element htluum Standard solutions are
used for companison and the results read on a calibrated
cune showing the milliequnnalents per liter The inter
medrate standard solution 1s prepared by adding 30 cc of
a stock solutron (made up by dissolving 254 gm of NaCl
m 1 hiter of water) to 100 cc of the lithrum mitrate solution
and making up to 1000 cc with water A 1009, standard
1s made up by adding 20 cc of the stock solution to 50 cc
of the lithtum solution and making up to »00 cc with
water The unknown 1s prepared by adding 1 cc of serum
to 10 cc of the lithium nitrate solution and makmg up to
100 cc with water

Serum potassum method. This 15 also accomphshed
with the Perkins Elmer flame photometer The unknown
serum 1s diluted 1/10 and the hithium mutrate solution
(prepared as above) 1s diluted 1/10 and used as the in
ternal standard Standard solutions are used for com
parison and the results read on a calibrated cunve showing
mulhiequivalents per liter

Standard solutions are made up from a stock solution
contaiming 191 gm of KRCl per Iiter The intermediate
standard 1s prepared by adding 20 cc of the stock solution
to 100 cc of the lithrum mitrate solution and making up to
1000 cc with water The 1009, standard 1s made up by
adding 25 cc of the stock solution to 50 cc of lithiam
mtrate solution and making up to 500 cc wrth water
The unknown 1s prepared by mixing 1 cc of serum with
1 cc of the lithrum nitrate solution and making up to 10 cc
with water

Serum chloride method A standard 4 mM (milliequny
alent) chlonde solution 1s prepared by mixing 10 cc. of
01 N NaCl solution with 250 cc of a phosphoric tungstic
aad reagent (prepared by disolsing 6gm Na WO 2H O
reagent grade 1n 1 liter of 0 1o M H PO ) It1s standard
1zed by shaling 25 cc with 03 gm precipitated silver
1odate for 10 seconds and then centrifuged 1n a capped
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tube A 20 cc. portson of the clear supernatant 15 placed
m a 100 cc Erlenmeyer flash 2 gm sodium rodide 1s
added and then utraton 1s performed with 002303 N
sodium thiosuffate solunon adding 3 or 4 drops of 1%,
starch solution when the yellow todine color has pearly
disappeared The tiration should take 208 cc of the
thiosulfate solution and if devration 15 more than 020 cc
a correction factor must be used

With the unknoun serum 02 cc. of she serum 15 added
to 5 «c. of the phosphoric tungstic acd reagent (prepara
tion described above) in a test tube One glass spoon (60
mg, =10 mg) of sihver sodate 1s added and the mrxwure
shiken for 40 seconds and filtered A 2 ce aliguot of the
hltrate 15 atrated with the 002303 N sodwm thiosulfate
solution aiter adding 02 gm sodwm 1odide (one glass
spoon) using a 90 cc krlenmeyer flask Three or four drops
of 197 starch solunion are added when the yellow 1odine
color s nearly disappeared as an aid in armiving at 2
clear end point

Caleulation 1s as follows
Mulliequivalents of chlorde per liter of serum =50 x cc 002303
sodium thiosulfate used
Grams of chlcride per liter of serum =293 X cc of 00°303 ™ so
drm thiesulfate solution used

If a correcton factor 1s inchcated by wtranon of the
standard chlonde solution as mentioned above 1t must
be included m the calculatton

Note that the resalis are expressed in mudliequualents
rather than i milligrams 9, Comparative normal values
are as follows

™, ~ Millieguialents
Serum .
Sodism 360 mg o - 12 m/equev —
(normal range 136 to 142 m/equin )
Serum — 103 mjequiv—

Chlondes 375 to 480 mg ©” (normal range 995 to 106 6 m/equn )
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Serum chlondes as NaCl 510106 0 mg o
Serum
Potassum 20 mo , —351to53 mfequiv

Results expressed m mulhiequisalents are appearing
with ncreasing frequency from clinical Iaboratories and
the change seems justified The milliequivalent figures are
simpler and easier to remember and can be compared with
other values ncluding the CO, combining power simt
larly expressed

The following formulae have been found useful ®

Na €1 me®

—E = a mfequiv /L
co ol

—_— = HCO myequy /L

Cl mlequiv /L 4 CO mjequv /L +  10=DNa miequwv /L
€l mfequiv /L 4 232 + (05 FICO )= Na mfequv /L™

It would appear advantageous to have standardization
of reports m milliequivalents rather than milhgrams %,
especially with 1ons 1mvolved mn the electrolyte balance

In edrenal cortical deficiencres blood levels of Na and
Cl are low and the A content 1s high The opposite may
occur 1 Cushings syndrome and also occasionally 1n
acromegaly Stmlar changes 1e shightly elevated Na and
Cl and shightly low K are encountered 1n adrenal cortical
wrilism adrenal precocious puberty and arrhenoblastoma
In Sunmonds disease the factor of adrenal insufficiency
may be pronounced and the electrolyte changes are sumilar
to those 1 Addison s disease wath low values for sodium
and chlonide and a high potassium level In hyperth)
rotdism the blood sedium 1s occasionally low and con
versely may be shghtly hagh wn hypothyroidism
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NITROGEN MLTABOLISM

Several tests of the blood may gue information regard
ing the mitrogen metabolism These nclude the blood
uric acid, blood urca mitrogen and the non protesn nitro-
gen The huter 1s the most widely used and reported
Methods for testing for these components are avatlable 1
any laboratory text The non protemn ntirogen has been
found to be elevated m several endocrine conditions, m
cluding Addisonian crists, terminal Cushings syndrome,
termnal hyperparathyrovdism and diabetic coma The
blood uric acid 1s elevated specifically dusing acuve attacks
of gout

PLASYA CO, COMBINING POWER

Thus 1s a test specifically for acidosis or atkaloss of van
ous origins As with the electrolytes 1t 1s becorung m
creasingly frequent to report results m milhequralents
With the older manner of reporting the normal ringe was
50 to 70 volumes %, Honever with mithequuialents the
erage result 1 28 m/equnv with a normal range of 24
to 30 m/equit

Method For tlus test the minometric apparatus as
described by Peters and Van Slyke 1s used * The pro
cedure as outimed by these writers on pages 283 to 286 of
the reference 1s follo ved evactly m our Jaboratory Biood

15 drawn and centnifuged anaerobically for the test

The results are lon m diabetsc acidosts or acidoss from
other cuses and are occasionally low m adrenal cortical
insufficiency It may be shightly high m parathyrord tetany
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Chapter 1V

SPECIAL TESTS OF URINE (EXCLUDING
HORMONE ASSAYS)

URINL CHLORIDLS

ACRLTION of chionides 1s increased 1n Addison s disease,
which fact 15 the basis of several tests for adrenal cor

tical hypofuncuon
The Cutler Pover 1 alder test 1s one of these nd has
been available since 1938+

Method The test takes three days and hospitaluziuon
15 necessary  Treatment with adrenal sterards or evira
st 15 wathheld the duy preceding A low stit diet (con
tamning 09> mg of chlorde 1on 059 gm of sodum and
41 gm of potasstum per day) 1s started on the first day
and free drinking of water 15 encouraged On the after
noon of the first day extra potassium ts grven as potassium
citrate 33 g per kg body weight (32 mg of potassium
ctrate per 1b)

Secand day~Flud ntake to 40 cc per bg of body
weight 15 green and potassium atrate 1s repeated Urne
15 collected from 8 am to 8 pm—and a second sample
from8 pm to8am of the third day

Third day—~Twenty cc of hquud per kg of body weight
ssgiven before 11 am and a third urine sample 1s collected
from 8 am to 12noon

The urine samples are then examuned for chlorde
content the most significant bewng the four hour sample
collected on the thurd day In this speconen the normal
controls showed a mean of 542 mg®, with a range of
17 to 41 mg% uwhile patients with Adduons disease

34
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showed the increased mean value of 29,4 mg %, with a

range of 229 to 356 mg 5,

The obwious disadvantages of this test are the necessity
for hospitalization the length of tume requrred (three days
with one day of preparation) and the danger of with
holding treatment and putting a patient with Addisons
disease on a low salt diet with high potassium intake The
latter can induce an Addisoman cnisis and facilities must
be at hand for :mmediate supportive treatment to prevent
possible fatal outcome—considerable risk for a laboratory
procedure

‘The Robinson Power Repler uater fest described 1n
19462 15 simpler and safer and has largely replaced the
older procedure

The method consists of two sections the first being de
pendent upon the mnability of patients with Addisons
disease to excrete water normally because of the decreased
glomerular filtration rate The second section gives data
on the urea and chloride clearance 1n the patient with the
first usually being reduced and the second increased The
urea chlonide ratio points up this abnormality It 1s not
always necessary to perform the second portion and the
test can be completed in one day m either case Also 1t can
be accomplished as an office procedure provided a place 1s
available for the patient to rest

Method I'rst portion—On the day before the patient
omts extra salt and takes no food or flud after 6 pm At
1030 pm the bladder s emptied and the urine dis
carded All unne voided from then unul 730 am 15
collected and this might volume measured No breakfast
15 grven and the patient 1 asked to void at 8 30 am  fol
lowing which he 1s given 20 cc of water per kg of body
weight (9 cc per Ib) to dunk wrthin 45 minutes Urine
speamens are collected ac 930 1030 1130 am and
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1230 pm (sith the patient kept at rest) and the volume
of each 1s mesured separately
1f the volume of any of these day spectmens 1s greater
than that of the night speaimcn the patient probbly does
not have Addison s disease and the test can be terminated
Houwever 1f none of the d1y solumes equal that of the
might specmen the second part of the test 1s performed
Second portion—A specimen of blood 1s taken while the
patienc 1s still fasting (at 12 30 pm ) wnd chemical analyses
are mde to set up the following equation
Yolume of largest

Unine Urex Plasma chlortide
Night spec mg 2, mg hourly unne spec (cc} A
Plasma urea mg© Unine chloride Volume of nght

might spec (mg ) urime (cc)

When the 1bove equition his been resohved the factor

A will be 80 or above in normal pattents wnd 2 or
below 1 patients with Addisons disease

The test 1s a good one but still only gies 1 probable
answer and i some mstmces repention maiy grve con
traictory results If the outcome 1s equivocal the Cutler
Ponwer Wilder chloride excreuon test can be done m
mediately following~using this water test as the first
day of the other and following the rest of the procedure
1s outhined above However the more recent 1vatlability
of the cosinophile count nd corticotroptn (ACTH) tests
(Chapter III pp 10 11) has Iargely replaced the dangerous
chlorde excretion test

An excellent survey of the present status of tests for
adrenal cortical function can be found m a recent paper

by Thornetal®
THE CARTER ROBBINS TEST*

This test 1s useful 1 disunguishing true deabetes in
sipsdus from psychagenic duuresis and has as its bists test
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g the excretory function of the kidney It 15 somewhat
complicated  but may provide the answer to a difficult
clhinical decision

Method Anndiuretic therapy 1s stopped long enough
for the patients polyursa and polydipsia to reappear
Then fluids are withheld for eight hours but food 1s per
mitted Just before the test the patient 1s given 20 cc of
water per kg of body weight to drink 1n one hour Thurty
minutes after the start of hydration an indwelling catheter
15 mserted and unne specimens collected m 15 minute
periods calculating the urine flaw in cc per minute After
two control perrods with adequate flow (at least 5 cc per
minute) an intravenous wnfusion of hypertonic saline
(25%) 1s started and adminstered for 45 minutes at the
rate of 02 cc per kg per minute If there 1s no decrease
1 the flow of urine during the infusion or during the
first two postinfusion periods of 15 mnutes each 01
umt of pitressin s given intravenously and the effect on
the rate of urine flow observed

Normal patients show a prompt and marked decrease 1n
unine flow after the start ot the hypertonic infusion while
patients with true diabetes msipndus do not show any de
crease until the priressin 15 admmstered

Ths test 1s not necessary m most cases of diabetes
sipidus but occasionally can be helpful when differentia
tion from psychogenic polydipsta 1s uncertain

URINE CONCENTRATION TEST

This test 1s sumpler and 15 occastonally helpful in the
diagnosis of diabetes insiprdus

Method A simple modification 15 to collect the fasting
unne specimen and then at 8 am to have the pauent
drink one liter of water within 1/ hour Urine specimens
then are collected at hourly intervals unul 5 pm  allow
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iny, the patient no fluids and only a dry luncheon during
this time The volume and specific gravity of each specy
men 1s measured Normally the specific gravity rises as
the duy progresses often reacluny, 1022 to 1032 The
comunenly used Fishberg modsfication of the Volhard
test wluch requires abstinence from any flind for a day
and a night and part of the next day may be smpossible
m 2 patient with diabetes imsipidus becawse of the exces
sive thirst characternstic of the disease

In deabetes insiprdus the urine does not concentrate 1o
above 1004 or 1005 The tese my be dufficule to per
form becruse of mtense discomfort resulting from great
thirst durmng the period of withholding thud

SULROWITCH TEST

This 15 a simple qualitative test for the ymount of cal
caum n the urine It 1s satisfactory md of considerable
bedp clinreally 1 diserses with deranged calestin metabo
hism The test furmshes a quick and surprsingly good
mdirect estimate of the level of the blood calcium

Method Fue cc of Sulkowitch reagent are added to
about 5 cc. of centrifuged urine The denstty of the cloud
15 noted after mixang and allowing to stand for two
mnutes Results are recorded as follows

0 ~clar
1 plus—-slight clou J
2 plus—moderate ¢t ud
3 plus—heary cloud
1 plus—sohd thud
Normally 1 plus 2 plus or occasionaily 3 plus are seen
depending upon the amount of calcium m the diet
If the result 15 0 hypocalcemua s present (usually
nnder 75 mg %) as n tctany 1f the result 1s t plus or
occastonally even 3 plus hiypercalcena 1s indrcated (usual
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1y over 11 mg %) as i hyperparathyroidism The Sulko-
witch reagent 1s an oxalate buffer solution and 1s prepared
as follows

Oxale aad 25 gm
Ammonwum oxalate 25 gm
Glacual acetic acd 50 cc.

Distilled Water s ad 1500 cc.

Some authors suggest that the test be done on a 24 hour
unne specimen However if a morming fasting urie
specimen 1s used 1t 1s less likely to be influenced by dietary
calcium intake or amount of flmid ingested—and can be
compared from day to day mn following the effects of
therapy In some laboratories the Sulkowitch 1s part of
the routine urmalysis thus possibly furnishing a diagnostic
clue to an unsuspected nstance of hyperparathyroidism or
to other diseases with excessive bone destruction such as
severe osteoporosis or Paget s disease

The test shows a strongly postlive result i hyperpara
thyrotdism m active Paget s disease of bone, and n severe
osteoporosis When the latter two conditions are under
treatment with the sex steroids reduction 1n the intensity
of the Sulkowitch reaction 1s an indication of the effective
ness of treatment The test 15 negative or low 1 para
thyroid tetany and may be of value n suggesting kypo
parathyroidism (post operative) as a cause for some of the
patient s symptoms which might otherwise be ascribed to
hypothyroidism If vitamuin D 1s being administered m
large doses as for arthnits an increasingly positive Sulko
witch test will give warning of beginming toxic effects

PHOSPHORUS EXCRETION

Study of the excretion of phosphorus 1 the urnne 15
performed occasionally especially n differentiating kypo
parathyrordism from pseudohypoparathyrordism (the so-
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called Seabright bantamn syndrome—n which the system
scems resistint to the effeets of parathormone—an instance
of end orgwn unresponsnenessy The test of Lllsworth and
Howard® m which the hourly excretion of phosphorus for
three hours hefore and three to five lours after the mjec
tion of Z cc (200 unuts) of parithormone 15 determined In
psendohypoparailyroudism the excretion of phosphorus
Temams constant ot only shghtly elevated-while 1n true
Mypoparathyrordism  the unmary phosphorus shovs a
marked tncrease after the myection

ACETONE FODIES

Acetane 'md dincetic acid are easify tested for m the
unne and n some laboratories one test or the other 1s 2
routine procedure They are present n dbesic acidosis
or acxdosis of other ongin ncluding starsaton as when
a toa strenuous reduction regme 15 bemg pursued

CREATINE IN URINE

Ths test 1s occasionally helpful in the dsagnoss of male
hypogonadism

Method A 2thour unme speamen s collected The
unne volume (V) 1s weasured The speaific gravity s
messured and if abote 1610 the speaimen 15 diluted to
that Jevel with water and the volume again measured (Vd)
fonly a small volume (1e 5 cc) need be diluted and cor
rections can be made for total didunon volume} Frie ¢
are then agam diluted 0 100 cc 1n & volumetnse flask I
the ongmal speafic gravity s less than 1010 no enginal
dilutton 15 necessary

One cc of the diluted unine 1s then maxed with 8 cc of
N/12 sulfuric aaid and § cc of 10%, sodium tungstate This
15 thoroughly nuxed by shakng and then Rltered 1f neces
sary Eight cc of the Rlirate 15 placed 1n an Evelyn color
smeter tube and the mouth covered with tnforf Ths i
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autoclaved for 20 munutes (115 to 120 C) at 15 Ibs
pressure and then allowed to cool

It 1s necessary to run a specimen for unne creatinine
at the same time and in order to do this 1 cc of the
diluted urme 1s prepared exactly as in the preceding para
graph except that 1t 1s not autoclaved

An alkaline pacrate solution 1s then prepared by adding
1 volume of 109, sodium hydroxide to 5 parts of a prenc
acd solution (of wiuch each liter contans 1172 gm of
pure picric acid) This should be used withm 5 minutes
Four cc are added to eath of the tubes and after sianding
for 20 muinutes for development of color the readings
are made 1n a photoelectric colonimeter using a 515 filter
A blank tube 1s used at first containing & cc of water to
which also has been added 4 cc of the alkaline prcrate
solution and allowed to stand for 20 minutes The gal
vanometer 1s set at 50 so later readings are muluplied by
two before conversion Conversion 1s accomplished by
reference to 1 chart previously prepared vstng diluttons of
a stock solution contamming 1 mg of creatinine per cc

Calculations are as follows
T Diluted volume of urime (vd) X 100 X mg of creatinine

{read ng from chart)
Original wrine volume (V) X aliquot of diluted unne in ¢

mg of creatinine per 100 cc—

2 Ongnal unne volume (V) x mg of creatiune per 100 cc
100 -
§m creatinine in total unine speamen

For creatine—the difference between the readings of the
autoclaved and unautoclaved specimens represents crea
tine 1n terms of creatinine This 1s converted to creatine by
multiplying by the factor 1 16 This comersion can be made
after the first or second calculation abose depending upon
whether the mg per 100 cc of urme or the gm per total
volume of urine 1s desired
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Normal zaliees for adults are @ to 186 mg /21 hours and
for children 10 to 15 mg /24 hours

Creatine 15 present normally 1 the wnne of children
and of adult women However 1t 1s very low or absent
i adult men In endocrine disease 1t s found to be pres
ent n adult men usth hypogonadsm and occanomally
with Ryperthyrosdism nd disbetes mellitus It may be
absent wn chuldren with chuldhiood myxedema The et
dence presented by the test 1s usually corroboratine but
not critical am wrrneng at 1 clincal dixgnosis
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Chapter V

BASAL METABOLIC RATE, RADIOACTIVE
IODINE UPTAKE, GASTRIC ANALYSIS,
ELECTROCARDIOGRAM, BLOOD
PRESSURE TESTS

BASAL METABOLIC RATE

STIMATION of the basal metabohc rate has been used for
E years 1n determmung the level of thyroid function
Recently the test has been the subject of criticism because
of the variaunon n results and lack of speaficity m com
parison with the determination of the protein bound
1odime However 1t has stood the test of ttme and if 1ts
limitations are realized and above all if there 15 good
chinical correlation 1t 15 still of considerable value Also
1n 1ts favor are the facts that 1t 1s relatively easy to perform
and 1s widely available

Method This varies considerably depending upon the
machine used so0 will not be described However the
Tnore common factors of error will be menuoned These
nclude poor relaxation of the patient * perforated ear
drum faulty functtoming or leaks 1 the machine worn
out soda hme faulty placing of the nasal chip so that leaks
can occur and the patient not betng wn an absolute fasting
state Emotional factors also may alter the result as has
been brought out 1n recent studies of the somnolent

The rate does not chanee appreciably during the menstrual flos  but
discamfort associated 1 1th the per od may nterfere with prop r relaxation
af the patient 2nd result 1n an unsatsfactory test Thesefore 1t 15 well not
to perform the test on patients who are expenencing menstrual mol m na
and probably never on the first day of the men trual period

43
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metabolic rate by Rapport Curs and Suncox * They per
formed basal metabolic rates an the usual manner and
then put the patient to sicep with ntrarenous Nembutal
(>0 mg  then 2> mg per munute untsl asleep) The test
was then repeated and the values were 7 to 10% lower
than those tthen while the pauent was awake However
n nervous patients the values were 30 to 349 lower

As 15 well known 1n most normal patients yalues are
between munus 109, and plus 105, With kyperthyrosdism
the figures are above plus 10%, wnd with ky pothyroudum
they are below menus 10% (Office tests usually average
1bout 59 higher than those performed m the hospital)
Occasiondly hanerer an mndrsidual will be seen nho by
a basal rate i the vicinity of mmus 209, who feels per
fectly well and who shows no signs of hypothyraidism
Admnistritson of thyrosd substance i w wmount suff
cient 1o tase the rate 1o ustal normat levels will yesult n
symptoms of oier dosige s¢ one must conclude thit the
normal levef for that induadual 15 approxsmately manus
20%, Also if this person should develop hyperthyrodsm
a bastl rate of plus 109, may mdicate a sigmficant eleva
tion Thus the need for chinical correlation 1s even more
prarfﬂt

A Ingh basal rate 1s scen occaswonally m leuhemia the
writer having encountered one stance of plus 1009, Of
the endocrine diseases a moderately high rate 1s seen owea
swonally m actwe acromegaly gigantism Cushangs 5yn
drame tetarny also with tumors of the adrenals goneds
pneal gland or wih arrhenoblastoma  Non endocrine
causes of mncreised metabolic tate are also numerous md
include pregnancy fever and dsseases of several of the body
systems A recent excellent review of the causes of extra
bat has been published by Bruger

thyrowtal by per:
and Hollander ?
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I ery low rates are found in Simmonds disease with lev
els of minus 45%, and minus 509, being reported Similar
low levels are found mn anorexia nervosa 1 winch the
climical picture 15 almost identical although the funda
mental causative factor 1s psychological rather than endo
crine

Moderately low basal rates are found n the late burned
out phases of acromegaly and gigantsm They are also
encountered 1 nfanttlism Addison s disease and hypo
gonadism

Other less speaific tests of thyroid funcuon mncluding
the speaific dynamuc action test the galictose tolerance test
and the acetonitrile test are not 1n general use at this time

RADIOACTIVEIODINE UPTARL

The rate of uptake of a tracer dose of this matenal 1s
oceasionally of considerable help in the diagnosis of Ayper
thyrordism However 1t does requure a setup for handhng
the radioactive matenial and measuring its concentration
and 1s therefore available only in relatively few properly
equipped centers

Method The patient must not have had Lugol s solu
tion antithyroid drugs or any other source of 1odine for
two to four weeks before the test Organic 1odine prepara
tions as used for cholecystograms pyelograms or myelo
grams may nterfere with the test for a longer period

On the morning of the test the pauent 15 given 50
microcustes of J43 by mouth and then allowed to eat
breakfast Counter readings are taken over the neck and
Just above mud thigh (where the drameter 15 simalar to the
neck but without thyroid tissue) at one hour three hours
and five hours A scinullauon counter s used at a dis
tance of 40 cm In constructing uptake curves the thigh
reading 1s subtracted from the neck reading
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Normally the uptabhe at five howrs 15 from 5 fo 30%
m the ghwnd at the pek of a gradual curve

In Iyperthyrowdisin the overictve gland takes up the
I much more rpsdly nd completely malung a steeper

Ewa

4 UPTAKE OF 1% i THE THYROID
90 I the f a5 1 whou e atr

R ks al adm ist atin

R

N

Freure 1 Radio wdine uptake

&0 stihies n normals and mn p2
" teents with hyperthyradim and

hypothyroudism Cunes are aver
age fevels as indnidual tests show
conssderable spread on the graph
{Courtesy of Dr Earl R Miller)

P of adhmin tared dhen ol
N ouw oa
8 ¥ 3

3

32 34 8 6 T
Ho o« ft admastat o fI™
curve The 5 hour readings sary from 45 to 9097, However
any reading above 309, 15 considered 1o mdhcate possible
hyperthyrordism and a search s made for chmical and
other evsdence of the disease

Low levels (xe 5 to 109% uptake at five howrs) are not
as helpful 1 the diagnosis of Aypotlyrordum and may be
found withgut thus conduzon bemg present

GASTRIC ANALXSIS
The gastuc acidity has been found to be low or absent
n Simmonds disease and m 509 of a serses of proven
cases achiorhydrie was present It may occur also mn
myvedema and an Addison s disease
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ELECTROCARDIOGRAM

Electrocardiographic changes are occasionally secn 1n
endocrine diseases and may be charactenstic though not
pathognomonic

In myxedema typical changes are bradycardia pro
longed P R wnterval low voltage usth small complexes and
changes i the S T segments 1n the left precordial leads
The T waves may be depressed or inverted and the
changes can be compared with those seen in coronary
disease  All of these may return to normal as the patient
mproves under treatment with desiccated thyroid sub
stance

In Simmonds disease the lowered metabolism may also
result i small complexes and bradycardia occurs with
some frequency

Hyperthyrotdism may result m charactersstic changes
including a rapid rate tall R waves tall T waves and occa
stonally euricular fibnillation or flutter These arthythmias
may be paroxysmal in nature Later in the course of
the disease signs of left ventricular hypertrophy may
appear

In late Cushing’s disease hypertensive cardiovascular
disease may develop and signs of left ventricular hyper
trophy and myocardial damage will appear

During attacks of hypertension with pheochromocytoma
raprd vate and extra sstoles may appear

Electrocardiograpluc changes can indicate changes in
the level of the blood potassium and have been of consid
erable importance and help climcally In diubetic coma
treatment with large amounts of fluids may cause an ex
cesstve diurests of potasstum to the extent that serious or
even fatal potassium deficiency can occur This should
always be suspected when the patient 1n diabetic coma 15
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not responding properh to therapy In such arcumstances
when a determmaton of blood serum potassium 15 not
easily Iable the electrocardiog may be of con

siderable help m furnshing a quick estimate of the
snuauon® \s the blood pofasstum falls the voltage de

& Do o prewmin
D TSy T e

et

Frtze § Elecrocardiographuc chang=s m progressive hypopotas
wrr (idealz=d) hnawledzs of the rate 15 also helpfal 2s 2 fast
12 ¢ 15 charaaterssee of hvpopotassemre, while smmilar changes mav
be encoun red n K pocal emn, with the difference that the rate
w slow {After Physrasts Ba letin—EL Lilly § Ca 17 4» Mav Juae
1922, cocmtesv of D D G Hines )

crecses the T waes becore flar and a prolonged QT n
ter-af develops If the level 1steny loz the T uaes be
corre arertec the $-T wntenial i depressed and the QT
o~ eval is further prolonged The prolonged Q T interval
1 probabh the most vuluchle and characterntic of the
changes In hyperpotassemia (potasstum mtoacation) pro-
gresuve elevauen of serum potasium causes tall peaked
T waves wideming of the QRS comptenes depresson of
the ST segments and finallt auricular seandsull with dis-
appearance of P waves.
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BLOOD PRESSURL TESTS

Tests winch influence the level of blood pressure may
be of considerable value m the diagnosis of adrenal medul
lary tumar (pheochromocytoma) The most helpful 15 the
Lenzodioxane test whnch lowers the pressure i this con
druion 2f w15 elevared Recently Gifford Roth and haale!
hve reported the use of the Regitine test which also
lowers the pressure and which they believe to be safer
pleasnter and easier to ad The Dib
test also 1s occasionally hefpful in the presence of an ele
rated blood pressure tn ruling out pheochromocytoma If
the blood pressure 15 normal the tests using kistamine or
Aleckoly) ar tetraethylammonium may be employed to
mduce a paroxysm The cold pressor test 1s also used occa
sionally 1o help rule out pheochromocytoma However
these latter three tests which may induce a sudden nise 1t
blood pressurc exrry the nsh of nciung dangerous com
phications including central nersous system hemorrhage

etc

Methods Ben.odioxane test Goldenberg Snyder and
Aranow® noted that the mjection of piperdyl methyl
benzodioxane i doses of 10 my per sq meter of body sur
face given imtravenousty over a period of two minutes
resulted m a fall of blood pressure lasting up to 15 manutes
n the presence of pheochromocytoma The fall did not
occur in other types of hypertension W hile the test has not
proved uniformly rehiable 1t1s stll a valuable one

Regutine test* Tins 1s performed by injecting 5 mg of
Regitne (C-7337) intravenously In the presence of phe
ochromocytoma there ts 2 marked fall 1n blood pressure if
hypertension 1s present The blood pressure may drop
panents with essential hypertension but not to the same
degree usuaily less than 35 mm mercury s tolic and 2y
mm diastohe
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Dibenamine test Spear and Griswold® reported that
following the administration of 7 mg of dibenamine per
kg of body weight gnen intrasenously m 300 cc of 5%,
glucose 1n normal salme solunton over a pertod of one
hour sigmificant decrease of blood pressure occurred m
patients with pheochromocytoma In patients with mod
erate essential hypertension the test usually induces only
a slight postural hypotension

Histamine test Roth and kvale” reported that 1n sus
pected cases of pheochromocytoma the mnjection of 80s
mg of histamime base intravenously would imduce an
atack of hypertension usually withm 2 minutes This was
1n contrast to a shght nise 1n normal individuals or pattents
with other types of hypertension

Mecholyl test Guarnen and Esans® suggested the use
of Mecholyl gning 20 mg subcutaneously to mnduce a
hypertensive attack 1n patients with adrenal medullary
tumor They believed 1t to be more accurate than the
histamine test

Tetraethylammonium test This 1s gren intravenously
m a dose of 400 mg In hypertension the blood pressure
will fall markedly and with normal tension a mild hypo-
tensive effect will result However with pheochromocytoma
the injection will frequently (but not invariably) induce a
hypertensive attack This lasts longer than that mduced by
histamine but can be controlled by placing the patient in
the erect positon Roth and hvale” have reported ex
perience with this test

Cold pressor test Thas test which 1s performed by im
mersing one of the patient s hands 1n 1ce water for 1 minute
1s not as hikely to produce hypertension with pheochromo-
cytoma as with other types of labile hypertension

REFERENCES
1 Rarrorr R L Curmis G M and SiMcox 5 ] Somnolent metabolic

rate i d agnosis of thyroid dysfunction J Clin Endocrinol 11 1549
1063 Dec 19,1
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are open or closed An estimation can be made from the
wrist film alone using the tables comprled by Shelton®
and the Atlas of the hand by Todd—or by 1 morc complete
study of the joints of the extremities using the tables com

FicuRe 4 Acromegalic skull—note enlarged sella turcica ballooning
of frontal sinuses thickened calvarum elongated mandible with
p and f ocaipital b e (Alter R F
Escarmlla  Diseases of the Pituitary in Musser Wohl Textbook of
Internal Medictne 5th Ediuon Philadelphia Lea and Febrger 1921)

piled by Hodges * The second method 1s preferred by the
writer 1s 1t gnes a more complete picture of the develop
ment and allows both the physician and the radiologist to
estimate better the potentialities of further growth A
good routine 1s one 1 which films are made of one elbow
one wrist and hand pelvs icluding hips one knec one
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ankle one foot and a lateral view of the skull If the
patient 15 near bone maturity (beyond 16 to 17 years) 1t
may be valuable to include the shoulder and clavicles

Marked retardation of the bone 1ge 1s seen mn childhood
myvedema A good example of this was seen n a child
cited personally to the writer by Dr C K Canelo of San
Jose Califorma This myxedematous child of two years had
a bone age equnalent to that seen n the seventh month
of fetal hife Thus at two years the bone age was minus
two months!

Moderate retardation 15 seen 1n pituitary nfantilism
and 1n eunuchoidism Surprisingly some relardation 15
oc 1ly seen 1n gig particularly 1f there 1s a
factor of secondary eunuchoidism Mild retardation 15 the
rule 1n cases of ovarian agenesis

Advanced or accelerated bone age well beyond the
chronological age 1s seen in pubertas praecox of adrenal,
gonadal or pineal ongin Rapid premature closure of the
epiphyseal growth zones accounts for the eventual short
stature 1n these patients i spite of the spurt in growth
to above normal levels (transitory gigantism) which usually
charactenizes the early stages of the disease

DENTAL %\ RAYS

Studies of the teeth may show charactenistic changes in
certamn of the endocrine diseases * In hyperparathyrordism
there 1s ct stically a disapp of the lamina
dura around the roots of the teeth With hypoparathyrord
1sm enamel defects including transverse furrows and hon
zontal grooves may be scen as well as blunting of the roots

These changes occur particularly 1n the masors and ca
mnes

Increased spacing between the teeth 1sseen1n acromegaly
and gigantism and prognathism with change m brte may
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be apparent in acromegaly Conversely crowding of the
teeth 15 frequent mn hypophyseal infantilism because of the
small dental arches

Dental age can be estimated 1n childhood bv noting ad
vance or delay in the usual sequence of eruption It 15 usual
ly retarded with hypothyrowdism childhood myxedema or
cretimism or may be advanced with precocious puberty

Dental x rays also may emphasize the presence of osteo
porosts The teeth do not lose their calcium readily while
the mallary and mandibular arches may participate 1 a
generalized osteoporotic process so that the contrast be
tween the two 15 particularly marhed—a fact which may be
helpful in diagnosis

X RAY OF CHEST

This may demonstrate the large flabby atonic heart
dilated 1n all its chambers which 1s characteristic of
myvedema Occasionally a similar appearance 1s caused by
an accumulauon of pericardial flurd m the same disease
and pleural fluzd 15 also seen at times The heart also may
be enlarged as part of the general splanchnomegaly of
acromegaly and conversely may be of small size as part of
the splanchnomucria which 1s charactensuc of advanced
Simmonds disease In late Cushing’s disease and late
hyperparathyroidism  the development of hypertensie
cardhovascular disease may result i cardiac hypertrophy
Thus enlargement also 1s found occastonally n late hyper
thyrotdism

In lateral view chest films may demonstrate acromegalic
changes such as a promnence of the sternum and enlarge
ment of the vertebrae with cervico dorsal kyphosis In
Cushing s syndrome the marked osteoporosis may result m
collapse of the vertebrae cansing the typrcal kyphosis

Chest films may reveal tuberculosis as the causative
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factor i Addison s disease Tyvidence of substernal gouter
also may be scen 1nd occasiomlly 1 precocious puberty
a thymac tumor s found

Y RAY O APDOVINAL REGION

Frlms may reveal ealesfication of the adrenal glands m
ddduson s disease Studses of the gastromtestinal fract oc
casionally demonstrue the afomy d sluggish function
characteristic of 1y xedema and studies of the urinary fract
may so reveal atony of the bladder m thus condition
Other uninary tract findings melude signs of renal lithiasis
or pyelonephritis in late hyperparathyrordism

N ray studies to demonstrate tumors of the adrenal
¢lends have beent used far several years Intravenous ure
grams may demonstrate a downward displacement of one
kidney by such a tumor or an occasional deformuty of the
upper calyx because of pressure from above QOccastonally
retrograde fyelograms will demonstrate these changes more
clearly In eich instance the roentgenologist should be
2dussed of the rewson for the study so that films will be
taken to include the enure adrenal region Occasionally
the tumor will produce a definute soft tissue shadow which
howeser must not be confused with the outline of the
fundus of the stomach or a lesson 1 the wnl of the pan
creas However some good sized adremal tumors do not
mathedly dwisplace the hadney and my be anterior or
postertor to it The writer recalls one adrenal tumor half
the size of a foothall which was not located definstely as to
either right or left side by \ ray studies (meluding pyelog
grams) before operation Contrast studies have been used
for several yewrs as a further step i wmvesugating the
adrenat arer The introduction of arr or gas mnto the
perirenal space has been utshized and 15 sull bemg used m
some chinies However 1t 1s a dangerous procedure and has
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occasionally resulted i sudden deaths This tragic acadent
bas occurred 1 our e<penence and has resulted m the
abandonmunt of tins procedurce by the writer ind the con

Ficies 7 Apparatus for snjection Hf oxyien nto retropentoneal
space for exwaperitonest pneumography  Note that the oxygen s
myected under pressure of 20 em of water (Courtesy of Dr Donaid
R Smuch)

clusion that surgical exploration of the abdomen s safer
Since the procedure 15 sull used 1n some centers 1t 15 only
farr to admut that refinements of technque or the use of
gases other than air {oxygen carbon monoxide carbon
dioxade) may increase the safety factor

More recently the wntroduction of gas retroperitoncally
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bas been sugzested by Ravas® and further reported on by
S emnbach Lvon, Miller ard Smuth.® This has come to be
known as “extrafentorec] pneurograpky’ and is accom
plaled as follo vs

MMethod. The pauen 15 placed on the nght side and the
st berween the tp of the cocorx and the recarm 1s 1o

Elza.ed wath 17 Anesthatc 15 ap-
pled 1o the anes. Afer allowreg ume for the h

to take eff~cz, a =19 spizal peedle 15 wnserted | or 2 ax.
below 1he up ¢ the coaevx 1o the radhine. An mdex
fner 13 placed 1o the anos to zwde the reedle which 1s
werroduced dose to the sraocoaoyzeum 11 ovder to avord
poncrmizg the recrum. The up of the needle shon!d reach
the reopentorenl wssios 1 to 2 ax, above the up of the
cocovx. Af.er asprranon with 2 ssrnze to be scre that the
pni s 0o o2 bood vessel the apoorates for delvery
of axve=n 15 2rt2ched by sterie twbinz with 2 @ ton fler
A twobortls system 15 wed tha presiomly kas been filled
w1710 10 1290 o o exvgen. By adjosnng the [evels so
thr 2 prevsore ¢f 22 . of wa o7 15 exertsd the zus will
Ex 1 wihoo ans zreat discomnfort A total armount of
L> cc of oxvzen per kz of bod- weght i wstally saus
frctoy If thas pres ure does not cause the zas 1o enter the
rezopeniones] soace the positon of the nredle shonld be
changed. The oxvzen tends to seek the hrzhest level, and
ozc b1 0 = oxvren 15 given with the patien on the
ot ede 4 pmpaminc cote 02 percmsnon of the flans
revers . the ris bas reacked thatares Then the panent
&5 mrned to the Ief, sd= zod ik~ second balf of the oorzen
8 experted wrhoo moving the needieths 2scends 1o the
other £zt The paosm s then left p one untdl Eles 2ve
tken 2 wbuh Loe the bead of the table s raned I3

Rrenztrorams an be ten 2 oxes a2d of pot satns
f2ciey 12€ pos uom of the poner can be charzed as nde
=t and the flms repened wibn oce of two kouts.
Semoecope zner - and Jaueral wiews of tEe ab-
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occasionally resulted 1n sudden deaths Ths tragic acadent
has occurred mn our experience and has resulted m the
abandonment of this procedure by the wrster and the con

Fioree 7 Apparatus for myection of oxygen mto reiropenoneil
space for Catraperssoneal pneumography  Note that the oxygen 15
jected under pressure of 20 cm of nater (€ ourtesy of Dr Donald
R Smsh)

clusion that surgical exploration of the abdomen 1s sifer
Since the procedure 1s sull used m some centers it 15 only
farr to admst that refinements of technique or the use of
gases other than air {oxygen carhon monoxide carbon
drontde) may wncrease the safety factor

More recemtly the tntroduction of gas retroperttoneally
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Arteriography offers another method for identification of
adrenal tumors by xray The translumbar approach can be
used and 1s performed as follows ¢ 7

Method After preparation of the patient with enemas
and sedation a scout xray flm of the lower thorax s
taken A general anesthetic 1s then adminstered, usually
pentothal supplemented by intratracheal gas and oxygen
A 17 gauge 6 1nch needle 15 then ntroduced just beneath
the twelfth nb posteriorly about 8 e to the left of the
spinous process It1s directed mechally and cephalad along
the body of the 12th thoracic vertebra to enter the aorta
Once the needle 1s m place the mjection 15 begun 1m
mediately using 12 cc of contrast medium (709, diodrast—
patient previously tested for sensitivity) Pressure for the
injection can be manual from a syringe ® or from an mn
Jection apparatus to give greater pressure’ (Two 18
gauge needles have been used by some workers allowing
simultaneous mjection of the contrast medwm by two
operators )

The first X ray film 1 taken as the last cc. of the matenial
15 injected and a second as soon as the cassette can be
changed * However 1f a mechanical cassette changer 1s
avatlable muluple films can be exposed 1n a few seconds ?

The renal circulation usually 1s well demonstrated and
any extension to an adrenal tumor would be seen Also
any variations 1n origin of the adrenal circulatton may be
noted

This method 15 stull in the stage of development but
shows promise of occasional usefulness when other sunpler
measures have failed to demonstrate a suspected adrenal
tumor

OTHER \ RAY STUDIES

Frlms of the hands and also of the feet may demonstrate
early changes n acromegaly Lateral tufting of the terminal
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dominal and adrenal region are usually tiken and tomog
riphy may be helpful if any confuston 15 caused by gas n
the stomach or intesunal tract Sausfactory films are ob
tained up to 3 hours after the oaygen 1s introduced but
after that length of nme absorption begins and at 18

cdw

FIGURE 8 \ ray film followng extriy m Shows
tumor in rght adrenal area which was prmed by operation to be 2
pheochromocy:om: (Courtesy of Dr Donald R Smuh )

hours only about 309 remuns In siv days only a trace
can be found Dxperience with thus has been so satisfactory
that 1t 1s now frequently performed 1s a  come and go

procedure without hospttalizing the patent The gas be

hind the adrenal usunlly furmshes a satisfactory contrast
so that the gland can be outhned delinitely



ROENTGEN RAY EXAMINATIONS 65

syndrome and may be so pronounced that vertebral col
lapse occurs causing the typical hyphosis Osteoporosts may
also be seen 1n Senile or post menopausal states and occa
siomally 1 hyperthyrowdism  hyperparathyroidism  or
ovarian aplasia

X rays in advanced hyperparathyrodism also may show
charactenstic sub periosteal cysts which can be widespread
This ostertrs fibrose cystica ongmally described by von
Rechlinghausen may result 1n spontaneous fractures or
even softening and bending of the skeleton QOccasionally
disseminated ostestis fibrosa cystica may be encountered as
part of the chmcal picture of polyostotic fibrous dysplasia
This rare condion more recently called Albrights dis
ease ® 15 characterized by the above bone changes with 1
segmental distribution plus areas of cutaneous pigmenta
tion 1n somewhat related distribution and also sexual and
somatic precocity when 1t occurs in the female
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phalanges gving a caultflower ike appearance to the
phalangeal tips 15 2 pathognomonic sign of acromegaly and
may be helpful in the early drgnosts of the disease Indi
viduals who have done hard work with their hands may
hwve widening suggesting this lateral tufting but not to

Ficure 9 N ray study of hands in acromegaly Note characteristic
cauliflower like appearance of termmal phalanges caused by lateral
tufting There 15 also some general widening of the bones (After
R F Escamilla Diseases of the Pitmtary 1n Musser Wohl Textbook
of Internal Medicine 5th Editon Philadefphia Lea and Febiger
1951)

the degree seen m acromegaly The changes i the toes
are similar though not as marked

Among changes 1n the skeleton generally osteoporosis
15 occasionally 1mportant  although not limuted to endo
crine diserse This 1s a charactensuc finding i Cushing s
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syndrome and may be so pronounced that vertebral col
lapse occurs causing the typical kyphosis Osteoporosis may
also be seen in senile or post menopausal states and occa
stonally i hyperthyrowdism  hyperparathyrordism, or
ovanan aplasia

X rays in advanced hyperparathyrordism also may show
characteristic sub periosteal cysts which can be widespread
This ostertss fibrosa cystiea, originally described by von
Recklinghausen may result wn spontaneous fractures or
even softeming and bending of the skeleton Occasionally
dissemmated ostertis fibrosa cystica may be encountered as
part of the chimical picture of polyostotic fibrous dysplasia
This rare condition more recently called Albrights dis
ease ® 15 characterized by the above bone changes with a
segmental distribution plus areas of cutaneous pigmenta
tion 1n somewhat related distribution and also sexual and
somatic precocity when 1t occurs 1n the female
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Chapter V11

URINE HORMONE TISTS

HE FICLD of mexsurement of hormones or therr excre
Tuon products in the urine has been one of considera
bie interest and activity in recent years Such inyvestigations
have helped to clmfy the pathologic physiology an some
of the endocrine syndromes Occasionally one of the tests
15 of ¢ntical mmportance n dingnosts Many are complt
cated biological 1ss1ys and are not available except i re
search centers However increasing, intexest has resulted
gradully m greater avatlability of several of the tests
"Those most generally 1n use at present 1re

1 The urine pregnancy tests

2 Measurement of 17 hetosteroids

3 Measurement of pituitary gonadotropins (follicle
stimulatng hormone~FSH)

4 Measurement of pregnandiol excretion

In addition to the above tests for excretion of cortscouds
from the adrenal cortex may be helpful chimeally and are
becoming more widely available These include the mea
surement of the rr oxysterords—~a chemical test which can
be performed by the copper reducing method of Talbot
and coworkers? or the formaldehyde producing method
of Daughaday Jaffe and Willlnms* A biological test 15
also available as described by Venming Atzmin and Bell®
winch measures the cortical hormones having a glycogentc
action  Adrenilectomuzed mice are used for this test and
the factor measured 1s the amount of glucose taken up bv
the hiver as a result of the glycogemic actavity of the un
Lnown A more recent test for corticords using the phenyl
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hydrazine color reaction has been described by Porter and
Silber+ Thus has been applied to the measurement of
urinary compound E and F output by Carroll et al ® using
a chloroform extraction and by Thorn® using a butanol
extraction

The 11 oxysterords glyconic corticords and compound
E and F steroids all show increased excrelion m Cushing s
syndrome

Anather test for 1 adrenal cortical steroid 1n the Allen
test” for dehydroisoandrosterone This has been reported
to be of particular value 1n differentiation of adrenal cortr
cal tumor from hyperplasia being positive 1n the presence
of tumor and negative with hyperplasia A more recent
method utihzing the Pettenhofer reaction has been re
ported by Landau and co-workers® All of these tests are
promusing and desers e more extensive trzal and utthization

Another promusing urine hormone test 1s that for the
second pituttary gonadotropic hormone (the luteim.ang
hormone (LH) or nterstital cell sumulating hormone
(ICSH) MacArthur® has reported a method based upon
the effect of the extract on the weight of the ventral pros
tate m hypophysectomized rats

Measurement of urine estrogens 1s occasionally per
formed but an entirely satisfactory method 1s not yet avarl
able Two types of tests are used The first 1s a biological
test using the effect on the vaginal smear of castrated
Tats as an end point as reporsed by Palmer ® The second
1s the fluorometric test as suggested by Jailer! and modi
fied by Engel et al*

URINE PREGNANCY TESTS

The classical 4schesm Zondek test was the eathest of this
group of tests which are dependent upen the mcreased
excretion of chorionic gonadotropin producmng the charac
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teristic reaction Onginally immature white female muce
were used and the urme mnjected twice daly for three days
At 96 hours the mice were autopsied and the ovanes ex
ammed for the hemorthagic follicles which ndicated 2
positave result A later modificition used immature femalc
rats After a single unine mjection the matunty ot the
vaginal smear indicated the positive reaction ** However
this also required 96 hours for compleon

The Friedman test was found to give a more rapid answer
with comparable rehability and has been widely used An
adult female rabbit 15 used which has been isolated from
the male for at least thyee weeks Ten cc of unne to be
tested 1s admumistered 1ntrivenously m the ear vemn and
repeated 1 24 hours In 48 hours the rabbat 15 sacrificed
and the ovaries examined The presence of macroscopic
hemorrhagic {ollicles indicates a positive test

The Galh Aammn test using the male South American
toad 15 the most recent and most rapid test available The
male North American frog (Rana pipiens) has also been
found to be a satssfactory test anunal as reported by Rob-
bins and Parker #

Method The patient 1s advised not to drink any fud

after lunch of the dav before The morning urine specimen

1s collected the next day and used for the test Five cc of

filtered unne 35 mjected subcutaneously tnto the dorsal

Ivinph sac of each of two male frogs A drop of unme 13

taken from the cloacal opemings of the frogs by pipetie

ane and two hours later and examned microscopieally as

a hanging drop preparation in reduced hight If sperma

toz0a are present the test 15 positive as the increased

amount ot the choranic gonadatrepin m the pitients

urine has caused a seminal discharge

“Thus test wiil undoubredly become gly popular
since frogs are inexpensive easy to mamntain need not be
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sacnficed and can be used repeatedly if rested for about
one week between tests The result 15 quickly available
{1 two hours) and 15 96 to 98%, reliable

Other tests have been advocated but are not 1 general
use These mclude that using the female South African
clawed frog (Shapiro and Zwarenstein) with the positive
reaction bemng the extrusion of ova —and the Guterman
test'* —a colorimetnc test dependmg upon mcreased vri
nary excretion of pregnandiol with pregnancy

In the male, a testicular chortonepithelioma will cause 2
positine pregnancy test because of the wmncreased excretion
of gonadotropins

17 RETOSTEROIDS

“These are excretion products of hormones ongmatng
the testes of the male and 1n the adrenal cortices of both
sexes They are considered to be an index though not a
true measure of androgemic funcuon mn the individual
being tested The test 15 2 chermeal one with measurable
colotimetric end pomnt as a result of the Zimmermann
reaction and has added considerably to our knowledge of
testicular and adrenal function in certain endocrine dis-
eases Accumulated experience has shown that the results
parallel the androgen excretion when measured biologi
cally by the effect on the size of the comb of a capon Even
though all of the 17 ketosterods are not androgens and all

drogens are not 17 L ds the test 15 helpful and
1s assutning an mportant place 1n the practice of clinical
endocrinology

Method. That 1n use at present in the Metabolic Labo-
ratory of the Unwversity of Califorma Hospital 1s a mod1
fication of that described by Haltorff and hoch.is

A 24 hour urine sample 15 collected with the jug used
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teristic reaction Onginally immature white female mice
were used and the unine injected twice daly for three days
At 96 hours the mice were autopsied and the ovanes ex
amined for the hemorrhagic follicles which ndicated a
posiurve resule A later modificition used immature female
rats After a single unine mjection the matunty of the
vaginal smear indicated the positive reaction ** However
this also required 96 hours for completion

The Friedman test was found to give a more rapid answer
with comparable reliability and has been widely used An
adult female rabbut 1s used which hzs been 1solated from
the male for at least three weels Ten cc of wnne 1o be
tested 15 admimistered intravenously 1n the ear vem and
repeated m 24 hours In 48 hours the rabbit 15 sacrificed
and the ovaries exammed The presence of microscopic
hemorrhagic follicles indicates a positive test

The Gallt Marnn: test using the mate South American
toad 15 the most recent and most rapid test available The
male North Amencan frog (Rana pipiens) has also been
found to be a satisfactory test anumal as reported by kob
bins and Parker

Method The patient 1s advised not to drink any flumd

after lunch of the day before The morning unne specumen

15 collected the next day and used for the test Five cc of

filtered unne s njected subcutaneously nto the dorsal

lymph sac of each of two male frogs A drop of urine s

taken from the cloacal openings of the frogs by pipette

one and two hours Jater and eximimed microscoprcally as

a hanging drop preparation n reduced hght If sperma

toroa are present the test 15 positive as the mereased

amount of the chorienic gonadotropn 1n the patients

urine has caused a seminal discharge

“This test will undoubtedly become gly popular
since frogs are mexpensive easy to mamtain need not be




URINE HORMONE TESTS 71

pump Any remaining water can be evaporated slowly at
relatively Jow temperature The cooled flask may be placed
m a desiccator overmght and the dned extract can be
stored indefimtely

Deter by Zimmermann reaction is accom]
as suggested by Callow Callow and Emmens™ and Holt
orff and hoch® with some modification The dred extract
1s dissalved 1n 2 cc of absolute alcohol heaung in a pan of
hot water at 50 C to aid solution 1f necessary 02 cc of
this extract 1s used for the reaction hlett tubes are set up
as follows

a~Unknown— 02 cc of the urme extract
02 ce. metadinnrobenzene solution (prepared fresh
daily by dissolung 345 m,, of punfied metadun
trobenzene crystals® 1n 3 cc of absoute alcohol)
02 cc 5 ™ aqueous potassum hydroxide
b—Pigment Blank—03 cc absolute alcohol
0. cc aleoholic extract of unne
02 ¢c potassium hydroude (as above)
Standard. 02 cc. solytion
(prepared by dissolng 2> mg of dehydroisoan
drosterone 1n 100 cc of absolute alcohol~keeps
relatvely well m refrigerator)
02 cc metadimtrobenzene solution {a$ above)
02 cc. potassium hydroxide (as abore}
d=Reagent Blank-02 «c. absolute alcohol
02 cc, metadinutrobenzene soluuon (as above)
02 cc potassium hydroxide {as above)
e~Rlett Blank— 04 cc. absolute alcohol
0.2 cc potassium hydroxide (as above)

Al tubes are then stoppered shaken and placed 1n the
dark 1n a constant temperature water bath at 2o° C for
10> muinutes Thus causes the Zimmermann reaction pro-
duaing a charactenistic red color which can be measured

vely diately th 8 cc of 80%,
alnohol 15 added to each tube diluting in the order m
which the tubes are to be read. They are mixed by in
version and read on the Rlett Summerson photoelectric
colorumeter within 10 munutes using a 540 filter
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contatung 15 cc of concentrated hydrachlorc aaid or 5 ¢c.
of 50% sulfunc acd as presenative (Fne cc 207 thy
mal m gheral acetie a0ud can also be used and if the speas
men 13 hept refrigerated not only the 17 Letosterords hut
also the compound L and ¥ coment can be run from the
same urine collecion ) On arrnval at the lzboratory the
total volume 1s measured and a 50 cc ahquot 15 taken for
the test Hydrolysss 1s accomplishied with some modifi
tion of the method suggested by Dreker ot al < and Ves
tergaard? by acaidiiyng the sample with 10 cc of concen
trated hyvdrochloric and 10 a 125 ¢e Frienmeyer fask
uith ground glass stopper This 15 placed 1n a comstant
temperature water bath at 6 G for 1 minutes and then
cooled After cooling the sample can be kept i a re
{frigerator for 24 hours at thus stage

Ixtrection 1s performed by a modification of the meth
nds of Drekier et af ** and Holtorff and hach ** The cooled
sample 1s poured mio 2 250 cc separators funnel and
muxed twace with 20 cc pornons of ether and once with
a 10 cc portiop shaking 114 minutes each time (a pinch of
detesgent such as Vel or Dreft may a:d the separation of
ether lavers—not necessary routinely)

[Washing 15 tccomplished by combining the 3 ether €<
tracts m a 250 cc separatory funnel and adding 10 <c
portions of 1 freshly made sodmm hydroxide sodwm
hydrosulfite solution as suggested by Talbot et al 1 This
15 freshly prepared by adding 10 gm of sodimm hydro
sulfite pander to 100 cc of 10% sodwum hydroxide 1he
washung 15 performed 3 tmes shaking 1 minute each tme
Thas removes the phenolic fraction which contans estrone
(also 2 17 ketosterord) The extract s then washed 3
times with dwstitled water or unnl the washing ss neutral

Evaporation 15 the next step and for thus the ether ex
ract s wansterred o 2 59 cc Erlenmeyer flask and evap
orated to dryness over a hot plate using grooved corks
Reduced pressure for this s obtamed bv using a water
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pump Any remamung water can be evaporated slowly at
relatnely low temperature The cooled flask may be placed
1 a desiccator overmght and the dried extract can be
stored mdefimtely

Determination by Zrmmermann reaction 1s accomplished
as suggested by Callow Callow and Emmens®® and Holt
orff and hoch®s with some modification The dried extract
1s dissolved 1n 2 cc of absolute alcohol heatng in a pan of
hot water at 50 C to aid solution if necessary 02 cc of
thus extract 1s used for the reaction Rlett tubes are set up
as follows
a-Unknoun— 02 cc of the urine extract

02 cc metadimitrobenzene solution (prepared fresh
daily by dissolving 345 me of punified metadmt
trobenzene crystals® 10 3 cc of absolute alcohol}

09 cc 5 N aqueous potassum hydroxide

b—Pigment Bla1k—02 cc absolute alcohol

02 cc alcoholic extract of urne

02 ce potassium hydroude (as above)

c—Standard— 02 cc. dehydrossoandrosterone solution
(prepared by dissolving 25 mg of dehydroisoan
drosterone 1m 100 cc of absolute alcohol-—keeps
relatively well i refrigerator)

02 cc metadinttrobenzene solation (s above)

02 cc. potassium hydroxide (as above)

d—Reagent Blank—02 cc absolute alcohol
02 cc metadimtrobenzene solutzon (as aboye)
02 cc potassium hydroxide (as abeve)
e—A&lett Blank— 04 cc. absolute alcohol

02 cc potassium hydroxide (as above)

Al tubes are then stoppered shaken and placed in the
dark 1n 4 constant temperature water bath at 25° C for
105 minutes This causes the Zimmermann reaction pro-
duang a charactensstic red color which can be measured
quantitatively Immediately thereafter 8 cc of 80%,
alcohol 15 added to each tube diluting n the order n
which the tubes are to be read They are mixed by
version and read on the klett Summerson photoelectric
colorimeter within 10 minutes using 2 540 filter
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The following calculation gives the result

17 ketosteroids m mg per 21 hours—=
coryected reading  of unknown

corrected reading of standard

21 hour volume
100

‘The normal range for adults 15 considered to be males
10 to 20 mg average 15 mg per 24 hours and females

+Ketorue or 17 Kefosterad fraction

mg/24hrs i-—Non ketonic ar non-specific chromogen frachon
N T2

[

2 12

March 194

Ficure 10 Graph demonstrating variation in 17 hetosterord output
of a normal man over a pertod of 2 months 48 hour urines were
tested Separation mto ketonic and non ketonic fractions also mdt
cated (Courtesy of Dr Sidney C Werner J Clhin Endocrinol 1
052 Dec 1941 and Bull Unwy Calif Med Center 2 399 Feb 1951)

22 n 2

1
April

5 to 15 mg average 10 mg per 24 hours In children the
values are near 0 until the age of 8 By 12 they are 15 to
5 mg and then ncrease gradually to adult levels at about
the age of 16 No marked sex difference 1s apparent until
this ume There 15 also moderate day to day variation 1n
excretion as demonstrated by Werner?t (see Figure 10}

* Corrected reading 1s colorimeter reading corrected for pigment and

reagent blanks
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thus rendering meamingless the reporung of results to
several deamal places and duninishung the significance of
shghtly lugh  and shghtly low levels

Also the resnlt expressed above represents total neu
tral 17 hetosterords—the end pownt for most chmcal tests
Further fractionation ts possible with separation o
Aetonic and non ketonic fractions using Girard s reagent
T The nonletomic 1s usually 10 wo 159, of the total
neutral though occastonatly 1t may be 259, Thus separa
tion has not added to the chimcal usefulness of the test
and s suggestive at best However the Letomic fraction
may be further separated mto alpha and beta fractions
with digitorun The beta fractron 1s usually under 8, but
may be mcreased under certain conditvons and if increased
o over 50% with a total excretion of over 50 mg per day
15 considered to be evtdence for the presence of an adrenal
cartical carcinoma The simpler Allen test” (page 67) 1s 1lso
teported to be posttrie 1 mabignany adrenal temors

Studies of 17 ketosterord urnary excretron i jarious
endocrine diseases  have shown the followang lon levels
are seen in hypophyseal infantlsm  Stmmonds disease
dddison s disease (especially 1 women where excretion
should be close 10 O ) mycedema and occasionally m
anorexwa neryosa The last 1s unfortunate as 1t vwas orginally
hoped that this test would be of critical amportance m
differentiating Simmonds disease 1nd anorexiz nervosa
While 1 38 true that values in Simmonds disease are
generally lower than those i anorexi: nexvosa there 35
overlapping of the ranges m the two conditions so that
1 an andiadual patient the test may be helpful but not
decisne

High 17 ketosterords re found with adrenal cortical
caremioms or mabgnant adenoms and moderately hgh
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figures are found 1 adrenal cortrcal hyperplasia, especially
with the adrenogenital syndrome Excretion 1n pauents
with carcinomn 15 usually over 50 mg per day and my be
s high as 1,009 mg (1 gm) plus per day As already
stated af the excretion 1s over 50 g per day and f
further fracuonation shows thit over 509, of this s the
beta fraction ¢ tentetive dagnoss of adrenal coriscal
carcisioma seems Justified In adrenal cortical hyperplasia,
excretion of from normal to 100 my per day 1s seen The
Allen test (p 67} mw also help to differentiate between
adrenal carctnoma and hyperploss Oceasional mstances
of versfied adrenal cortical carctnoma have been reported
in which the 17 ketosterotd cxcretton has been normal In
spite of thus the test has its greatest chinical importance m
this condstion

An oicasional patient with adrenal cortical carcsnoma
will be found among the many women complaming of
nereased hursutism (heterosexual hypertrichosis) and this
test should be run routmely i such pavents This has been
emphasized m 1 recent report by Ainsell and Lisser ° of 2
patient with hirsutism of 14 years duranion but without
other evidences of dcfemtnizatson or mascubnization such
as amenorrher mfertthity trophy of the breasts deepen
g of the voice or enlargement of the chitorss A 17
jetosteroid test done as a matter of routine mterest
showed a surprissngly high excreuon of 32 mg per 24
hours of whick 59 w1s the beta fraction Iarther m
vesugation revealed an adrenal cortical tumor approv
mately four mches i diameter This was removed surgt
cally and proved to be 2 malignant adenoma In such 2
pent the tumnr probably wonld not hne been suspected
had the 17 hetosterord excretion not been measured
Therefore the test with all of s mmperfecuons had
critical clinteal value
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Shghtly lou levels of excrenon are found in male
ennuchoidism male castrates  burned out gigantism and
acromegaly, diabetes mellitus m the male climactenic and
m chromc debilitating diseases The level tends to fall in
old age

Slightly high levels are found n Gushings syndrome,
simple hirsutism (occasionally to 25 to 30 mg per day)
actwe acromegaly and gigantism arrhenoblastoma preco
cious puberty pregnancy and m hyperthecosts

However the vanation of daily excretion in the same
wdividual (as 1llustrated 1n Figure 10) and the occasional
vamation from laboratory to laboratory depreciates the
chinical value of these shightly igh and slightly low
levels Indeed these minor changes are by no means m
vanable 1n the diseses mentioned

FOLLICLESTIMULATING HORMONE
EXCRETION (FSH)

This test also 1s occasionally helpful clinically The
measurement of this prtuitary gonadotropin (also called
Prolan A thylakentrin or pituitary gonadotropin A) gives
some indication of the level of anterior pitwatary function
Chmeally 1t may aid 1n ammving at the proper diagnosis
or the correct treatment 1n an individual patient The test
13 2 biological one and requires a colony of either rats or
muce depending upon the method uscd

The method using rats has been advocated by Jungck
Maddock and Heller and 1s m use 1n several centers
In this the urine concentrate 1s prepared by ultrafiltration
and then 15 injected six times nto female rats at 12 hour
stervals Twenty four hours after the last mjection the
uterus and ovares are removed and weighed--the weights
being recorded as end points

However the method using mice and rcco ding the
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results 1 mouse unuts 1s 1 more general use at present
and 1s the one used mn the Indocrine Laboratory of the
Division of Obstetrics and Gynecology at the University
of Califorma Hospital It was ongmally described by
Zondeh® 1nd modified by hlinefelter Albmght and Gns
wold ¢

Method The present method used 15 a modification of
that of Dekanske” and Bradbury Brown wnd Brown » A
2f hour unine speamen 15 collected nd kept under re
Irigeration  After measuring f there 1s any toluene pre
servative present at is filtercd Fhe pH 1s then adjusted
0 10 with a Bechman pH meter using 20% hydrochloric
wad Fifteen cc of 209 hiohn m water 15 then added
and after thorough surring 15 allowed to settle for 1 hour
The supernatant flud 15 removed by suction and dis
cwded The remnumder ss ransferred to a centrifuge tube
and centrifuged for 10 nminutes at moderate speed The
supernatint flud 15 then decanted and 10 cc of 01N
sodiim hnvdroxide are 1dded to the kaolin with thorough
mising The musture 15 1gain centrsfuged for 10 minutes
and the supernatant transierred to a small betker Using
5% hydrochionc raid tlus 15 brought to pH of approx
wmately 7 as determuined by nurizne paper It as then
made up to a solume of 125 cc with distilled water and
pliced 1 a tube to be kept in the deep {reeze unul ready
for the test

Test The concentrate as prepared above represents a
level of five mouse unuts and 15 mjected subcutaneously
undiluted into two female mice 18 to 21 days of age They
are given 05 cc twice daily for 2 days nd once on the
morming of the third day makling the total dose 25 cc
On the fourth day the mice are antopsied and the uterus
stripped of fat blotted nd weighed 1f the weight 1s above
15 mg the test 1s positive (the normal weight being from

Sto8mg)
The level to be tested must be decided n adsance [he
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concentrate can be prepared for testing at other levels
by dilution with distilled water the amount being fiured
by dividing the mouse unit level by 5-1€

40 mouse Al 18 (lc plus 4 cc
distifled water)
80 mouse units—dslution 1 16 (I cc plus 15

distilled water)

The normal range n adults 15 considered to be 5 to 50
mouse umits per 24 hours It has been found satisfactory
to run an unknown urne at two levels—5 and 80 mouse
units If the test proves negative at both levels the ex
cretion 15 below normal Should the result be posittve at 5
mouse units and negative at 80 units the excretion 1s
probably within the normal range of 5 to 50 mouse units
If positive at both 5 and 80 umtlevels then the excretion
1s above the normal range If desired later specimens can
be tested at higher lower or mtermediate levels as ndi
cated by the results of the original test

Thus the test 15 moderately complicated and requires
an amimal colony—but 15 occasionally of sufficient useful
ness and 1mportance to justify the effort of setting 1t up
It 15 of crucial importance 1 the differentuation between
hypophyseal infantihsm (putwitary dwarfism) (low excre
tion) and ovarian aplasia (high excretion) In the latter
condition 1t 15 important that the patient not receive any
estrogenic therapy for about ! month before the test as
estrogens depress the high levels (occasionally 300 to 400
mouse umits) to normal In addition to orarnan aplasia
Pugh levels of excretion are found 1n the climacterie 1n both
sexes This finding 15 more frequent 1n females but normal
levels may be found Thus it 15 occasionally helpful in
diagnosis of the ciimacteric but unfortunately 1s not an
invanable finding Lunuchs castrates and certain types of
eunuchowdism also show increased FSH excretion as do
Panents with Rlinejelter s syndrome The latter syndrome



78 LABORATORY AIDS IN FADOCRINE DIAG\OSIS

was described by Klinefelter Reifenstern and Albright #
m 1842 It occurs m males and 1s chrracterized by gyne
comastia small testes with azoospermin and ncreased
excretion of FSH On testicular biopsy the tubules are
found to be hyalimzed but the interstitial cells retain
normal appearance

Low levels of TSH excretion are found 1n kypoprtwitar
sm mcludxnf' /1)[)0[)]1):;‘(1[ mfantiism Iy pogonadotropic
Is discase Unfortunately low
levels are occ1sxomlly found also in anorevia nervosa, so
once 1gain 1n the indvidual patzent the test may not be
of crucial differential importance

A summary of experiences with this test i various
disexses was published by the writer m 1949

PREGNANDIOL EXCRETION

Tius 15 an excretion product of progesterone and has
been studied considerably 1 centers where there 15 1ctive
mvestigation mn the field of obstetrics and gynecology A
fall i pregnandiol excretion during pregnancy has been
considered an ndicition of threatened abortion The
method of Venning® measures the excretion of sodmum
pregnandiol glucuromdate In this the urine 1s extracted
with butyl alcohol and the residue treated so that it can
be weighed Use of a consersion factor (0597) gives the
amount of pregnandiol

The method of Guterman® * 15 a colonmetnc one and
1s considered of sufficient accuracy to be used as a test for
pregnnncy

In habitual abortion the lowered excretion of preg
nandiol m1y mdicate the need for prophyhcuc use of
progesterone and miy be 1 guide to proper dosige An
inereased output has been reported with polycystic ovares
(Stemn Leventhal syndrome) by Fischer and Ruley **
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Despute the above indications the test 1s not as widely

used as mn the past It 1s possible that the climcal help
derived has not been sufficient
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Chapter VI

VAGINAL SMEAR—CERVICAL MUCUS

XAMINATION of the vaginal smear 1s simple and easily

accomplished as an oflice procedure It 15 of consider
able assistance to the chnician in estimating the level of
ovarian function and also can be used as a gnde 1n deter
mimng the adequacy of therapy with estrogens

The cells collected for exammmation are those being
desquamated from the vaginal epithelium and the upper
genini] tract Consideration of a few fundimental facts
will indicate the basis for interpretation
Estrogens cause an increase 1n the lavers of cells n the

vaginal epitheltum If a large amount of estrogen s pres
ent there are many rows of epithelal cells the most
superficial of which are squamous flattened and cormfied
If the level of estrogen falls the number of layers dumn
1shes and the flattened cormified cells tend to disappeat
with precormfied cells of the intermedsate layers predomt
naung These are moderately flat but not the true squa
mous type If the estrogen level 1s low the epithelium 15
thinner and cells of the basal layer appear These are small
of round or oval shipe with relauvely large nucler The
nuclet of the deeper cells are disunctly hyperchromatic
The picture seen 1n smears varies from the extreme hy
poestuin picture of the atrophic postmenopausal state t0
that seen during pregnancy when the system 1s surferted
with estrogens However the change 1s sensitive enough
to indicate the differences m estrogen level duning the
normal menstrual cycle

Method The smear must be taken before the usual

82
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vaginal exammation with lubricant 1s performed and at
least 24 hours after the last douche A slightly curved glass
pipette six anches (15 cm) mn length and 05 ecm 1n &
ameter 13 used At one end 15 2 rounded tip with relatively
small opeming and at the other 15 attached a rubber bulb
of one to two ounce capacity The bulb 15 compressed and
the tube nserted deep to the postertor fornix of the vagina
and turned from side to side The suction created by the
bulb 15 allowed to take up the vaginal secretion The tube
15 withdrawn and the contents expelled onto a clean glass
shde spreadimg the secretion and fixing immedately for
drying causes distortion of the cell picture Swabbing or
scraping of the mucous surfices has been recommended
but 1s generally thought to dustort the cells as well as to
camse false exfoliation However 1if the vaginal contents
are very atrophic and dry this procedure may be necessary
(the fact that fluid 15 unobtainable 1s an 1mportant indica
tion of hypoestrimism)

The fixative used 15 made up of equal parts of 95%,
ethyl alcohol and ether and should be m a Cophn jar
or yeceptacle of simlar size and shape beside the examin
ng table for wromediate use A piper chip on each glass
shide 1s sufficient to keep the shides separated 1n the solu
tion Fixauon 1s accomplished in a few munutes but 1
more certain if continued for one hour The shdes can be
left 1 this solution without harm for one week

Starmng— Fhe Shorr Trichrome! stain 1s satisfactory for
office use It can be made up as follows

Biebrich Searlet (aqueous solution) 05 gm
Orange G 0% gm
Fast Green FCF 0070 gm
Aniline Blue (aqueous solution) 004 gm
Phosphotungstic Aud 0 mg
Phosphomolybdic Aad 05 gm
Glacial Acetic Aad 10 cc
All dissolved 1n 507 ethyl alcahol 100 cc

Thns stain 15 apphied to the shide by dropper or in Cop-
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I jar and allowed to stand for I minute Then the shde
15 dipped 10 times 1n 0% alcohol and 10 umes n 95%,
alcohol well cleaned with xylo! and mounted The fully
cormfied cells 1 addition to their typical shape with
small nucler stan a reddish orange while the cells from
the deeper Iayers stain green or biue A differential count
can be made counting 100 to 300 cells and reported as the
percentage of acidophihic cornified cells 1n the smear

Normal varuens These are seen during the normal
menstrunl cycle as follows

Menstrual phase Many red cells are present Thevagmnal
cells chiefly folded thickened and muafied superfictal
layer cells stun poorly Dark pigment hke granules may be
present After a dav or two more basophilic cells appear

Post menstrual and ewly follicular phase The estrogen
level 1s tising and cells of the intermediate levcl appear m
ncreasing numbers Cormified elements increase gradually
(up to 30%,) and 1re more or less separate with folded cyto
plasm

Pre ovulatory phase Thus lasts for 24 to 48 hours nd 15
charactenized phystologically by a rapid rise in estrogen
production The saginal smear reflects this with a nise 1n
the cornificd elements to 40 to 509 Doderlein s bacuil are
m evidence

Ovulatory phase This lasts only about 21 hours and
shows the mtermediate peak of cormfication with cormfied
elements at levels of from 50 to 75%, and very few leuco
cvtes ‘The vaginal cells stan brightly many occur mn
shingle ike plaques and the nuder are pyknotic and may
be fragmented

Post-avulatory phase At this time there 15 a fall 1n estro
gen production for two to three days Progesterone effect
also appewrs and opposes somewhat the cormiymng effect of
the estrogens The cornified cells begin to show folding



CERVICAL CELL PATHOLOGY
IN SQUAMOUS TISSUE

.
GRADES AND CELL TYPES
IN "SURFACE BIOPSIES" OF CELLS

Fiours 11 Cell types seen in \aginal smears {Afier Ciba Climcal
Sympasic Vol 3 $4 june 1951 Courtesy of Dr E Oppenhaimer and
De § E \re Caoncer Cytalogy of the Uterus “ew York Grune and
Satton 1921}
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Ticure 12 Vaginal smear taken in preovulatory phase (Shorr

stun) Note high percentage of cormified cells (After Ciba Clintcal

Symposia Vol 1 %% p 107 Apul May 1949 courtesv of Dr R
G tatt and Dr E Opy )
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and curhing of the edges and the propornen of basophilic
cells mcreases Percentage of acidophilic cornified cells 15
usually about 50% Leucocytes and mare densely staimng
mucus also appear n the smear

Luteal phase This lasts for eight to 10 days during
whuch the progestational effects are more marked The act
dophilic cornsfied cells become more curled and folded and
the outlines may be wregular There 1s some tendency o
clumping The nucle: remam pylnotic Percentage of
acrdopulse cornsfied cells graduatly drops from 509 to the
20 to 30% level The Jeucocytes merease further and the
basophilic stawung of the mucus 1s more prominent Mrxed
bacterial flora 15 seen with cocer predomunating

Pre menstrual phase This 15 caused by the drop mn levels
of both estrogen and progesterone one to five days before
the omset of menstrual flow The percentage of cormfied
cells drops rapidly to 209, or under and those rematming
are folded mregular and stam poorly Leucocstes and
mucus are abundant

ESTROGEN DEFICIENCY

Varying degrees cause different findings mn the stear as
follons

Marked defictency (seen 1 castrates and senle women
~occasionally with severe menopause syndrome and with
androgen therapy) Nearly all the cells are from the basil
layer and the percentage of cormfication s very low
Mitotic activity may be seen m the basal cells Leucocytes
are numerous with many bacith and cocr and may be
excessive with assoctated atrophic vagimius

Moderate deficency (most common i the menopause
or post menopausal states~also with long standing ovanan
deficiencies sn younger women) Most of the cells are from
the basal layer but some msermediate layer cells are seen
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Occasional basophilic squamous cells are noted but the
percentage of actdophilic cornified cells 1s low

Leucocytes are present and 2 moderate amount of mucus
Is 1 evidence

Shight deficiency (seen in muld menopause syndrome or
m younger women with moderate ovarian deficiency) Most
of the cells are from the mtermediate Jayer with some cells
from the basal layer Cornified cells when counted are
usually ¢ levels of 209, or under A moderate number of
leucocytes and some mucus 1re present

PREGNANCY

In this condition the findings are the result of progres
sive mcrease of estrogens and progesterone After two to
four wecks the number of rcidophilic cormfied cells de
creses and the smear shows incresing numbers of folded
bisophilic cells and mrdzonal cells which are grouped and
show accentuation of the margins with curling of the na
«reular shapes If abortion is threatened red cells are seen
and 1f incomplete leucocytes and histiocytes appear often
m clusters or rosettes Also evidences of infection and
thick strands of ropy mucus are seen

HYPERESTRINISM
This condion 1s seen with granulosa or theca cell
tumors of the ovary and with the admmustration of large
doses of estrogens The smear shows a high percentage {up
ta 907%) of the rcrdophilic cornmified cells These cells may
be small and the nucle:r fragmented or even tbsent
Leucocytes are rare and the mucus though abundant

stuns poorly

An umportant confusing factor m the mterpretation of
vigmnal smears 1s the presence of nfection, particularly
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cervinat 5 of vagtnuts Some cornification may result with
trschomonzasis which 1s nat due to estrogen effect Also
basal Jayer cells may appear from ulcevated aress when
they would not athernse be presert The presence of an
unwsually large number of leucacytes or of trichomonas
should alert the obserser to the possibihty of these effects

DETECTIONM OF CANCER

"The $horr polychrome stan as described above 18 sats
factory for derermming the estrogen level of the patiene
ant also for following the results of estrogenic therapy
However 1f the smear 1 to be used for the detection of
cancer cells—the Papanicoisou stain 1s preferable Ie takes
somes haz donger but has the advantages of gremer penetra
son and differential stamming of thich mucowd or bloody
sthears

Method Adfter fixing 10 949 ethyl alcohol and ether
{equal parts) the smear 1s run throngh 70% and 50¢% al
tohols and then stamned w hematoxylin for 5 muutes I
15 rinsed an distlled water lfotlowed by 05¢% agueons
mdrochlone acd and then washed thoroughly n tap
water Next it 15 run hrough dwsulled vater aud 50%
W% 80 and 9a9, alcohiols and stawned for one mmate
m 05% solunon of Orange G 1n 9% alcobol (occaston
ally 6015 gm per 100 <c of phosphatungste zcd 1
added) The smear 15 then washed mn 2 changes of 9%
alcobol and stamed m inchrome solution for tywo minutes
Thus stan contains 45 cc of 857 satunon of Light Green
S E Yellowish in 95 alcohol 45 c¢ of 05% solution of
Eosin Yellowish in 929 alcohal 10 «c of D 9, solution
of Brsmark Brown 1 9 ¢ alcabiol 02 gm of acd phos
photungsuc and 1 drop of a saturated aqueous solution of
hithsum carbonate After starung the side 15 rnsed 3
tunes 1 9a%, alcohiol run through absolnte ajohol and
xylol and mounted With thus stan the acsdophilic cells
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appear red to orange and the basophilic cells green or
green blue The epithelial cells and erythrocytes though
stained are relauvely transparent

The diagnosts of cancer by this method has been found
accurite 1 proper hands with diagnostic error of only
19, for squamous cell carcinoma as reported by Fremont
Smith and Graham® With endometral or fundal cara
noma the accuracy 1s Iower but 1s still satisfactory in al
most 809, of cases

IODINE VAPOR STAIN*

Thus stain 1s sumple rapid and 1s occasionally helpful
It grves an indication of the vaginal ghycogen index

Method A simple dried smear 1s placed face down over
a shallow dish containing a small amount of Lugol's solu
ton The 1odine vapors which anse insensibly stamn the
glycogen containng cells i 2 to 3 munutes They should
be exammed immediately but can be stained 1n the same
manner after 24 to 48 hours

The amount of glycogen 1n the cells of the smear ind1
cates the degree of estrogenic response and can be classified
m 4 grades Grade 1 shows complete glycopenia while
grade 1 shows exclusively large flat deeply stained brown
1odophulic cells smgly or in clumps This latter corresponds
to the smear of the normal proliferative phase

CERVICAL MUCUS

Exarnation of mucus aspirated directly from the cervix
15 occasionally helpful in sterility studies Cohen Stem and
haye® have pointed out that the cervical mucus becomes
profuse and thin at the time of greatest fert:lity and they
feel that this 1s 2 more accurate indication than observa
ton of the basal body temperature curve The specimen
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FIGLRE 13 Group of cancer cells m a vaginal smear (Papanicolaou
method) (After Ciba Clintcal Symposta Vol I #1 Sprng 1948
courtesy of Dr E Oppenheimer )
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1s obtained by inserting the up of a glass cannula mto the
endocervix and aspirating mucus by means of gentle suc
tion from a 10 cc syringe attached to the other end The
mucus 1s blown out on a glass shde and a glass coverslip
placed over it The thread formation (Spmnbarkeit) 1s
then tested by hiung the coverslip unul the thread of
mucus breaks Durning the ferule peniod the coverslip can
be hifted 10 to 20 cm  winle dunng the infertile period
only 0 to 1 em Lift 15 possible before the thread breaks
The mucus during the inferule pertod 1s also thick scant
and difficult to aspirate Small doses of stilbestrol (01 to
02 mg daily) may mmprove the 1mount and thinness of the
cervcal mucus Exvamnation of the cervical mucus 15 es
pecually valuable in selecting the optimal time for artifical
mserunation Profuse clear mucus 15 also seen after ad
miustration of estrogens to the castrate and occastonally
m patients with bilateral polycysuic ovaries
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Chapter IX
ENDOMETRIAL BIOPSY

ISTOLOGICAL examination of a small portion of the
H endometrium can be accomplished as an office pro
cedure It 1s more complicated than the vagmnal smear and
should be done by one with trammng n gynecologic
methods since the cervix must be dilated and the uterme
cavity entered to obtmn fundal specimens these being
the most satisfactory In proper hands 1t 1s safe and
usually not uncomfortable for the patient and ylelds n
formation regarding ovarian and corpus luteum function
that cannot be obtamned by other methods mcluding
vagmal smears and hormone estimauons i blood and
urme

Method The patient 1s placed in the lithotomy post
tion and the posinion of the uterus determined Under
duect speculum observation the cervix and the external
os are cleansed with an antiseptic (7056 alcohol 15 satis
factory) The anterior cervical lip 15 grasped by a single
toothed cervix teniculum and held steady while a suction
curette 1s mtroduced in the drrection of the fundus A
crcular stripping motion 1s made while exerting suction
to obtain the speamen This 1s placed :mmediately n
fixatve soluton (Boumn's solunion Zenkers solution or
100% alcohol for glycogen staimng) Sections are run
through as with other histological or pathological spec
mens

No after care of the patient 15 necessary Usually only
slight spotting occurs and there may be a few cramps

90
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Yicre 14 Endometnal biopsy duning normal proliferative phase
The glandular Jumen 1s narrow and 1 surrounded by a single layer
of columnar eputhelium  (After Crba Climcal Symposia Vol I 33
P 138 JuneJuly 1949 courtesy of Dr E Oppenheimer)



Fioure 15 Lndometrial biopsy—etrly secretory phasc—Note gly
en 1n base of cells (After Ciba Clinscal Symposia Vol I %2
1949 Courtesy of Dr E Oppenheimer )
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The possibalities of perforation of the uterus and spread
of infection with pelvic peritonutis have been pointed out
but are unlikely and can easily be avoided Undue force
should not be used the course of the cervix and direction
of the body of the uterus should be ascertamned before
hand aseptic technique should be observed and pauents
with gonorthea and acute cervictis should nat be sub
Jected to the procedure

INTERPRETATION OF SPECIMFNS
NORMAL MENSTRUAL CYCLE

Preovulatory phase The estrogemc effect 15 domnant
with typical proliferation of the endometrum which has
been called the proliferative phase The endomemum
gradually thickens and the glands increase in number and
size and become more crowded and cotled The lumen dy
Tates but the epithehium muntains a well defined even con
tour Glandular epithehial cells are tall and columnar and
are crowded with farge dark staining nuclet in a scanty pale
cytoplasm—nitoses are frequent

Postovulatory phase This 1s dominated by the effect of
progesterone and secretorv changes appear giving the
charactersstic picture of the secretory phase  Mucus and
glvcogen appear in the dilated and coiled glands and the
cell nucler wre pushed to a central position The glycogen
vacuoles move from 1 basal to a penipheral position and
the nucler now round nd pale migrate to the base of the
cell Coiled arterioles ippear with congestion and small
hemorrhages 1 the superficial lnyers The cells become
tur,escent and pyiamudal 1n shape and the epithelal layer
becomes folded

Just before menses the glinds have discharged therr
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secretions and leucocytes and scattered hemorrhages are
prominent

With normal function an experienced observer can
usually tell withun a few days the time of the cycle when
the biopsy was taken Houwever mn pathological conditons
1t may be extremely 1mportant to know exactly the timing
i the cycle when the specimen was obtaned Therefore,
the dates of the biopsy and the dates of two or three pre
ceding menstrual periods should always be noted for cor
relation and to aid 1n 1nterpretation

For diagnostic purposes the biopsy is best taken betueen
the twenty first day of the cycle and the day of onset of
bleeding

With normal estrogenic and progestational effects the
endometrium will show good development and secretory
actrvaty This 1s also the best evidence that can be secured
that ovulation has taken place—important knowledge 1n
stersty studies

PROGESTERONE DEFICIENCY

Moderate degree 15 indicated by secretory changes less
than normal n the spectmen However quantitation 1s
difficult and the possibility of 1 refractory endometrium
must be considered

Progesterone lack and absence of ovulation (anovulatory
cyeley This 1s indicated by persistence of the proliferatve
phase and absence of secretory changes up to the time of
menstruatton  Glandular cysuc hyperplasiz may also be
present due* to prolonged unopposed estrogenic effect

ESTROGEN DLTICIENCY

Complete ovanan deficiency (also seen in the meno
pause)—This 1s ndicated by a specimen of the castrate or
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postmenstrual type occurring just before menstruation
It 15 characterized by lietle or scant proliferative change
and absence of secretory changes

It should be remembered that the above findings change
gradually from one to the other and that there may be
transitional pictures and muxed types between those
absolutely characteristic Also endometrial biopsy does not
help to distinguish between primary ovanan fatlure (fe
male eunuchoidism ovanan aplasia) and that resulung
secondarily from changes 1n function 1n other glands as
with the severe hypopituitarism of Stmmonds disease

AMENORRHEA

Biopsies can be taken at any oime and if serial studies
are made at weekly or biweekly intervals there will be evt
dence of any cycle that 15 occurring including ovulation
without bleeding

HYPERESTRINISM

‘This 1s seen with granulosa theca cell tumors of the
ovary and wath large doses of estrogens A marked prolifera
tive picture 15 seen and occasionally endometrial cystic
hyperplasta 1s present—(the Swisscheese endometrium
of Novak) Decidua ike changes have been reported with
granulosa cell tumors

EXCESS OF PROGESTERONE
This also may be present with granulosa theca cell tu
mors which have undergone lutemnization—occasionally to
the degree that they can be called luteomas It will be
reflected n the biopsy specimen by varying degrees of secre

tory changes usually 1n a hyperplastic type of endome
trinm
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secretions and leucocytes and scattered hemorrhages are
prominent

With normal function an experienced observer can
usually tell within a few days the time of the cycle when
the biopsy was taken However in pathological conditions
1t may be extremely mmportant to hnot exactly the fiming
m the cycle when the specimen was obtmned Therefore
the dates of the biopsy and the dates of two or three pre
ceding menstrual periods should alnays be noted for cor
relation and to aid 1n 1nterpretation

Tor dignostic purposes the biopsy is best taken between
the twenty first day of the cycle and the day of onset of
bleeding

With normal estrogemc and progestational effects the
endometrium will show good development and secretory
activaty This 1s also the best evidence that can be secured
that ovulatton has taken place—important hnowledge 1n
stertlity studes

PROGESTERONE DEFICIENCY

Moderate degree 1s ndicated by secretory changes less
than normal 1n the specimen However quantitation s
difficult and the possibility of a refractory endometrium
must be considered

Progesterone lack and absence of ovulation (anovulatory
cycle) This 1s indicated by persistence of the proliferatiie
phase and absence ot secretory changes up to the tume of
menstrnation  Glandular cystc hyperplasta may also be
present due* to prolonged unopposed estrogenic effect

ESTROGEN DTLFICIENCY

Complete ovanian deficiency (also seen in the meno
pause}—Thxs 1s indicated by a specimen of the castrate or
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FOLLOWING ADMINISTRATION OF ANDROGENS
OR ANDROGINIC TUMORS

(Including adrenal cortical tumors and hyperplasia and

arrhenoblastoma)

Varying degrees of atrophy of the endometrium are
seen With lugh doses of andro,ens 1t may be reduced to a
thickness of only one layer of cells Ovulation wull usually
be suppressed so that no secretory changes re seen

HYPOTHYROIDISM

This condition 15 often characterized chnically by ex
cessive uterme bleeding In ammnl studies Wilhams
Phelps and Burch? have demonstrated that hypothyrotdism
can induce glandular ¢ystic hyperplisia Hamblen Pullen
and Guyler® after mvestigations in humans concluded that
the change 1 hypathyroidism was 2 quantitative  slowing
down of ovanan actity rather than a qualiative effect
and that such pauents bled more frequently from a pro
gestational endometrium Goldsmuth Sturgs et al ¢ have
recently studied this problem and report bleeding more
frequently from proliferative endometnium but also occa
stomlly from that showing both the early and late secre
tory phase All abnormalities reverted to normal following
adequate treatment with thyrosd substance

OTHER CONDITIONS

Endometril cincer This can be diagnosed by biopsy
but the 1ncidence of positive diagnosis has been estinnated
only at 75%, * Therefore the greater certanty of a dilata
tion and curettage with esammation of the complete
endometnum 1s preferable

Endometrial tuberculosts This aiso 1s occastonally en
countered 1n this type of biopsy Typical histopathologrcil
findings of tuberculoss are seen 1n the specimen
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temperature until delrsered to the laboratory preferably
within two hours The laboratory should be apprised of
the ume interval when the specimen s delivered Cleanh
ness and dryness of the bottle are importint as water or
other material present may radically affect the sperm

Tauents usually cooperate 1n this manner of obtaining
the specimen 1f the reason 15 explained but should they
demur or deem 1t offensive 1t can be obtained by cortus
mterruptus  This may be satisfactory but occasionally
the first few drops are lost and these contain a high per
centage of the spermatozoa Objections on religious
grounds occasionally preclude esther of these methods 1n
which case 1t becomes necessary to obtain semen from the
vagna as soon as possible after intercourse This method
1 mot sausfactory as dilution with the normal zad
vaginal secretion can result mm a completely distorted
picture It may be more satisfactory to perform a testicular
biopsy Collection 1n a condom or sheath 1s usually not
sausfactory as 1t 1s difficult to retrieve the full specimen
and also the powder present may have a toxc effect upon
the spermatozoa

EXAMINATION OF THE SPECIMEN?
1 Gross Examination

a Folume Nommally this 55 25 to 5 cc with an average
of 4 cc* Dimmshed volume occurs in primary or sec
ondary male hypogonadism and when this 1s severe 1t
may be umpossible to obtain a speamen McCullagh and
Schaflenburg? consider this a fairly good index of andro-
gemue function with a volume under 2 cc ndicating a
deficiency

Turbidity The semen 15 usually opaque especially when
sperm concentration 1s normal 1f more transparent than
normal decreased sperm concentration 1s usually present
¥ 1scostty Normally the semen 1s moderately viscid though
by the ume 1t armves at the laboratory 1t 1s usually an

-

n
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SEMEN EXAMINATION

Amusrs of the semunal flud 1s of prime mmportance
m evaluating the spermatogemic function of the
testes It so venfies patency of the tubular apparatus
which conducts spermatozoa to the prostate and urethra If
the semunal flurd 1s normal 1n amount and content 1t 15
safe to assume that both the spermatogensc and secretory
functions of 1t least one testrs are normal The evamna
tion 15 of particular value 1n the study of male fernlity
but may reve1l typical changes i primary or secondary
hypogonadism Some 1nfertile men may have decreased or
imparred spermatogenic function with normal secretory
function so that there are no outward mamifestations of en
docrine diserse An exception 1s the hlinefelter syndrome
which 1s characterized by other endocrime changes espeanl
ly gynecomastia

Exammnation of the senten 1s relatvely sumple but of
course requures complete cooperation of the patient It
should always be done before testicular bropsy 1s performed
as 1t may ehimimate the necessity for this mare radical pro
cedure

Method of ecollecuon The patent ts advised not to

have mtercourse for at least five days before and not to

collect a spectmen during or shortly afier a febrile iliness

1t 15 Tec 1 that 1t be ot 1 by masturbation

and collected 1 a clean dry wide mouthed bottle Fol

[owing collection it should be kept at moderate room

96
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may vary considerably 1n patients with oligospermia and 1t
15 advisable to examine more than one specimen

4 Types of spermatozoa and incidence of pathological
forms

For thus portion of the examination a drop of semen 1s
placed on a microscope shide and spread with another
shide as 1n making a blood smear The smear 1s fixed with
heat and then covered with 19, solution of chloramine
for several minutes (This removes mucus and overlying
spermatozoa 50 should not be used 1f very few are present )
The shde 1s then washed with water and 959, alcohol and
dried by blotting with filter paper It 1s then stamed for
0 to five minutes using Ziehl Neelsen s carbol fuchsin
two parts concentrated alcoholtc solution of eosin one part
and 959, alcohol one part Following this 1t 1s washed with
water and counterstained with Loeffler s methylene blue
for a few seconds It 1s then washed dried and examined
under the o1l immersion lens The heads stain a purphsh
color whale the tails and middle portions are red Usually
300 spermatozoa are counted noting the following charac
teristics for classification

1 Normal spermato.oa—usually over 709, of the total

-y

|
|

Ficure 16 Normal spermatozoa showing head with full oval shape
(After R S Hotchkiss Infertility sn Men American Lecture Seres
No 53 Ed_Willard O Thompson MD Springfield Tl Charles
G Thomas Publisher 1952)
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easy flowing hquid If watery a low sperm count may be
assoaated  wlnle a high viscossty may impair sperm
mobality

d Chemucal reaction It 1s always alkahne and mirazmne
paper will usually demonstrate a pH of 75 10 8

2 Mottlity

“This should not be impared within six hours 1f kept at
moderate room temperature It can be observed mn a drop
of semen placed on a shde under a cover shpand exarmned
with low power of the microscope A satisfactory part of the
field toward the end of the cover shp 15 then brought
under high power and 200 cells counted noting percentage
of absolute nonmoulity Tlus 15 occastonally repeated at
one two four eight and 24 hours Normally 70 to §0%
of the sperm are motile for six hours

3 Count of spermatozoa

Thus 15 accomplished by dilution and then using a count
ing chamber as i counting blood cells A 1 to 20 dilution
15 usually sausfactory and 1s prepared by measuring 05 c
1n a pipette and adding 95 cc of diluting flud (saturated
sodium carbonate and 1%, phenol) After muxing the
sperm suspension 1s transferted to a countng chamber
using a dropper pipette Five blocks of 16 squares are
counted as m a red blood cell count and the number
of spermatozoa per cc 1s calculated by adding 6 aphers to
the total number counted If the count 15 low the mixture
may be shaken with 1 drop of HCl and the entire RBC
field (25 squares—1 square mm ) counted and 4 zeros
added Normally 90000000 to 200000 000 per cc are
found Counts of 20 to 60 mullion 1ndicate relatwe infer
plity although occasionally pregnancies do occur with
counts of from 2 to 15 milion per cc The sperm count
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may \ary considerably in pitients with oligospermia and 1t
15 advisable to examine move than one specimen

4 Types of spermatozoa and adence of pathological

forms

For thus portion of the examination a drop of semen 15
placed on a microscope shide and spread with another
slide as 1n making a blood smear The smear 15 fived with
heat and then covered with 1%, solution of chloramne
for several nunutes (This removes mucus and overlying
spermatozoa so should not be used if very few are present )
The shde 1s then washed with water and 95%, alcohol and
dned by blotting with filter paper It 1s then stained for
two to five minutes using Ziehl Neelsen s carbol fuchsin
two parts cancentrated alcoholic solution of eosin one part
and 959 alcoliol one part Following this 1t 1s washed with
water and counterstained with Loefller s methylene blue
for a few seconds It 15 then washed dried and examined
under the ol immersion lens The heads stain a purplish
color while the tais and middle portions are red  Usually
300 spermatozoa are counted noting the following charac
teristics for classtfication

1 Normal spermato.oa—usually over 70%, of the total

§

FiGuse 16 Normal spermatozon showing head with full oval shape
(\Mter R dS Ho!‘;hklss Infertility i Men Amenican Lecture Series
No 53 Ed Willard O Thompson M D Springheld It
C Thomas Publisher 1952) P prine M Charles
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These present 1 head with full oval shape Some vant
attons i size and shape may occur

Abnormal nucleus—the nucleus 1s at the base of the
head of the sperm and should present a rounded
posterior wngle Varying degrees of acuteness of this
angle mdicate abnormality These are sigmificant 1f
over 109, of the number counted

I

e

Fictre 17  Abnormal spermatozoa  showing duplicate  forms
(above) giane heads (megalospermia) and pun heads (microspermta)
{belon) (After R $ Hotchkiss Infertility in Men Amertcan Lec
ture Series No 53 Ed Wilard © Thompson M D Spiingfield
Il Charles C Thomas Publisher 1952)

3

N

Iz

Microspermia—this 1s caused by deficient acrosome
which forms the anterior portion of the head of the
spermatazor They are occassonally so small as to be
classified as pin heads Normally they should not be
more than 159 of the number counted
Megalospermia—usually not over 5% Many large
forms may indicate pathologtc spermatogenesis
Abnormal acrosomia~tinus refers to other abnormal
1es of the head beswdes those noted 1n microspermia
and should not exceed over 5% of the total count
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6 Muscellaneous forms—these refer to abnormahties in
statmng  cytoplasmic estrustons and abnormalities
of the central part of the sperm or tail They should
not exceed 5%,

Blom* has suggested a stain which 1s occasionally of value
m ndicaung viability of sperm even though they are not
motile For this a small drop of semen about twice the size
of a pinhead 15 placed on a clean shide Next a drop of 5%
cosin (bluish) about dotble the size 15 placed beside 1t and
finally a drop of 109, nigrosin double the size of the eosin
drop W1th a glass rod the semen and eosm drops are mixed
and then the migrosin drop 1s included After a fen seconds
the mixture 1s spread as a thin layer with the glass rod held
flat The miang and smeanng should not take over 1
minute The shde 1s then dried over a flame and examined
under the o1l immersion lens Dead cells will appear red
having taken up the eosin stain while the live cells re
main uncolored For a differential enumeration 200 to
500 spermatozoz may be counted

Other materal found 1n semen

a Wite blood cells—these are usually associated with
nfection 1n the urary tract either 1n the prostate
or the urethra

b Tissue cells—cells from the bladder urethra or other
parts of the genuto uninary tract are occastonally seen

¢ Crystals—several types are abseried and 1n the pres
ence of germinal hypoplasia they may be abundant

In any type of hy pogonadism whether primary or second
ary the volume and sperm concentration will be dimin
ished s noted above 1n severe hypogonadism 1t may be
impossible to obtain a specimen It 1s of interest to recall
that in Rlinefelter s syndrome there may be spermatogenic
falure with normal Leydigcell function {Other charac
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teristics of the syndrome include gynecomastia and
creased excretion of FSH in the urine) Local pathology
withn the testicle may be the cause of deficient sperm
production and represents a major portion of the problem
n the study of enfertility in men

Hamblen Pullen and Cuyler © reported a study of the
correlation of findings 1n sermmnal flnd with the level of
basal metabolic rates done m males undergoing routine
studies because of presumed sterility They found no
consistent relatronship indeed patients with basal meta
bolic rates below munus 159, generally produced better
semunal specimens than those within the normal range

The esumation of fructose concentration 1 semen has
recently been a subject of some interest as n mndex of
androgenic actinty Onginally the estimation was found
to be of value as an indicator of the fertility of bull semen
Recently Landau and Loughead * have studied 1ts concen
tration 1n man-—noting that fructose apparently 1s secreted
by the seminal vesicle and metabolized by spermatozoa
They reported that in normal men the semmal fructose
concentration ranged from 200 to 800 mg per 100 cc In
hypogonadism the concentration was less than 135 mg per
100 cc and became elevated after the adminmistration of
androgens However patients with oligosperria  or
azoospermia who otherwise were normal had normal
fructose concentration
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TESTIS BIOPSY

N THE 5TUDY of infertile men when the semnal fluid
I shows azoospernua or severe oligojpermua or if no
specimen of semen cn be obtained 1 microscoprc examint
tion of the testicular tssue obtuned by testis bropsy 1s ind1
cated The simphety of this procedure 1s surprising It
was first performed experimentally by Engle and ¢hintcally
by Hotchliss as quoted by Charny ! A study of the biopsy
section obtained w1l give an absolute answer as to whether
or not spermatozon are bemg produced m proper numbers
1n the semimlerous tubules of the testes The procedure
produces no deleterious effects on the uman test1s 1 con
trast to damaging effects on testes of other mammalian
species

Method Thus 1s well gnen by Hotchkiss  After prepa
ration of the genital region a small area of the scrotal skin

15 anesthetized with 1% novocaine A 2 to 3 em 1incision 1s

then made through the tunica vaginalis and a par of

ocular palpebral retractors mserted While holding the
testrcle m apposition to the wound a small V shaped
maston 1s made m the tunica albugimer and a piece of
ussue excised using small eye scissors Hemorrhage 1s ar
rested and the tunica and wound closed with silk or fine
plamn gut sutures This 1s repeated on the opposite side
after which a suspensory s applied and the patent alloved

to return to Jus home The ussue ss fixed in Boutn s flurd

Sections are prepared for microscopic exammnaton as with

other biopsy or pathological specimens

1NA
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Ficurr 19 Abnormal testicular tissue Testis biopsy shosing tubular
degeneration and absence of spermatogenesis Except for a few sperm
atogonia only Sertoli cells remain From a man aged 21 years with
azoosperrma  but normal buid and sexual functon Had had
severe electric shock at age of five yes (Courtesy of Dr Lewis
Michelson and Dr David A Wood )

Exammation of the specimen will reveal the histologic
basts for functional mmpairment In general 2 classes of
tissue are found

1 Normal testicular tissue This shows normally func
tioning sermiferous tubules and adequate numbers
of spermatozoa If the semen of such 1 ptient does
not show spermatozoa or presents severe oligosper
mia there 1s obviously a mechantcal block between
the testicle and the point of delivery into the urethr
Minor histologic changes are occastonally seen wincht
may be due to tovic nutritional or constitutsonal
states which can be corrected
Defectrve or abnormal tissue Several varations are

ro

seen as followns
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a Disorgamzed spermatogenesis with few mature
sperm

b Germmal epithelium showing arrest of develop
ment at an early stage of spermatogenesis

¢ Tubules with hittle or no germunal epithelum

Froure 20 \bnarmal tesucular ussue  Testis biopsy showing
marked tubular degencration following mumps Interstitial tissue 15
loosely cellular and Leydig cells are not promment From a man
aged 26 with azoospermia Had normal potency but some physical
characteristics of hypogonadism (Courtesy of Dr Lewis Michelson
and Dr David 4 Wood)

{germinal aplasia) and with no spermatozoa (see
Figures 19 and 20)
Proliferation of a large amount of fibrous tissue
about the tubules
Changes 1 the interstitral or Leydig cells are also
casily recognized 1n the sections

Engle® has suggested the following classification which
correlates the semen analysis with testis bropsy

a
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Normal semen

Azoospermua

with demonstrable occlusion

1 norm7} mibules

2 distorted spermata enesis

without demonstrable occlusion

1 norml tubules

2 progressive tubular fibrosis

3 germinal plisin

4 spermitogenic arrest (to spermatocyte Iy

Oligospermit

2 with high frequency of vbnormal spermatozot
I incomplete maturation
2 progressive tubular fibrosts

b inflimmation and mfection

[

<

\u

Thus has helped 1n evaluation of the fertility potentral

Chinical application The biopsy may ud by indicrting
proper therapy e g 1f consuderyble wmounts of fibrosis end
sclerosts are scen 1t 1s ipprent that the testicle h1s sus
tamed scvere direct dimage from the etiolo,ic fictor—as
seen following the orchitis of mumps or after x ray theripy
The fwlt therefore 15 primary mn the testicle which 1s
obs1ously meipble of responding to stumulation theripy
so substrtution therapy with androgens 1s indscated

However if the tubules are smmature and the interstt
tial cells prepuberal the lesion 1s probably secondwy to
tack of preantiry stmulatton It is known from animd
nvestigation that the preuitary gonidotropn which stinu
Intes the folhicles m the ovary (folhwle stimulating hor
mone~TSH) 1s the one which i the male tesus sumultes
tubular development md function This would seem to
indicate treatment with prepiritions of gonadotropins
1n these partents but unfortunately use of those now 1vant
able has usually been disappoinung m human subjects
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Should the testrcular tissue appear normel a search for
the obstruction 1n the vas deferens 1s indicated with the
possibility of plastic surgical rehef (Frgure 18)

If treatment 15 mstituted with the mtent of improving
the testicle repeat testis biopsies can be performed at
mtersals in order to follow progress from therapy

Another classification of testreular deficiency has been
suggested by Howard et al * which correlates the picture of
testts bropsy with clinical nd other laboratory findings
From their interesung 1nd thorongh study they concluded
that the following was satisfactory

a Patients with low FSH excretion

o

"

It

1o

cases without prtustary stimulation with prepuberal
appearance of testes

cases with decreased pitwitary function after a period
of normal function—testes characterized by hvposperma
togenesis Iipoid accumulation n the Sertoh cells
thickenng of the tubular tunica propria deposition of
peritubular collagen and elastic tssue and absence of
normal Leydig cells

Patients with normal FSH excretion

cases with endocrine disturbances—changes thought
due to lack of luteinizing (interstitzal cell stmulating)
hormone —— acromegaly

cases with spermatogenic failure only and without
other evidence of endocrine disease—these include
arrest of maturation hypospermatogenesis and oligo-
spermia

Patients with high FSH excretion—this group includes

patients with absent germ cells sclerosing tubular de
generation mumps orchitis male climacteric and ab
sence of testes

Nelson and Heller® have 2lso made careful s udies 1n
cluding hustochemical of the testicular hpides and have
ponted out that men with pnmary hypogonadism with
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few exceptions have high levels of cxcretion of urinary
gonadotropins and therefore should not be treted with
gonadotropic substances

The tesus biopsy 1s occasionally of interest and may
provide crucil esidence m making the diagnosis of the
Rlnefelter syndrome Sections of the tesus show varying

FicLre 21 Tesus biopsy 1n hhinefelter s Syndrome Note tubular
degeneration and prominence of mterstitial tissue Patient aged 24
had gynecomastia normal sized gemitalia and increased FSH ex
cretion  However sexual function was poor and improved with
testosterone therapy (Courtesy of Dr Frank Hinman Jr and Dr
Gilbert Gordan )

degrees of tubular lesions with partial to complete hyalim
zaton and loss of spermatogenesis The interstinial or
Leydig cells are numerous and promunent and are con
sidered to indicate that the production of male hormone in
these patients 1s normal However occasional cases do
show evidence of some degree of hormonal deficiency
Recently Sobel Smffen and Talbot® have reported that
testicular bropsy may be of ialue in boys with sexual
precocity m differentiating simple premature mascultmty
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from precocity caused by overactivity of the adrenal cortex
In the patients with premature masculymty all testicular
elements are simulated—Leydig cells are seen and varying
degrees of spermatogenests 1re present In precocity of
adrenal cortical ongin Leydig cells are not activated and
spermatogenests 15 not seen However some tubular de
selopment does occur
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Chapter \II

ENDOCRINE DISEASE INDEX

N CLINICAL practice 1t 15 helpful to know what laboratory
I results may be expected in certain diseases and to be
famuliar with the tests which are of particular a1d 1n es
tablishing the diagnosis Therefore in this final chapter
the material presented has been rearranged with the tests
grouped under the headings of the various endocrinop
athics The order of Iisting will be anttomical with the
disease conditions ssigned to the various glands primarly
affected—starting with the prtuitary Disorders crused by
hyperfunction will be hsted first followed by those as
cribed to hypofunction A few conditions not clearly re
lated to one gland or esen not primanly endocrine but
which show umportant findings m the Iabortory tests
discussed will be listed 2t the end

The laboratory tests will be divided mto the following
categorles

1 Those most important 1 the disease which probably

should be performed m every case
2 Those of interest 1n the disewse which are occaston

ally helpful 1n diagnoss or in following the effects of
treatment
4 Abnormal laboratory findings of mncidental interest

1 the disease

The more 1mportmt findings will be shown in heavter

type
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PITUITARY DISEASES

Acromegaly
(1) MOST IMPORTANT TESTS

X ray of skull usually shows enlarged deformed sella turcica ballooning
of frontal sinuses enlargement of mawillary simuses long mandible
causing prognathism change i bite spacing of teeth thickening of
cabvarium and increased prommence of external occipital protuber
ance (Chapter VI p 53)

Glucose tolerance test may show diabetic tendency or actuat diabetes
mellitus (Chapter III p 1oy

Basal metabolic rate moderately elevated 1n active phase moderately Iow
in bumed out phase (ChapterV p 43)

Uninary 17 hetosteroids excretion elevated in active phase may be low
10 burned out phase (Chapter VII p 69)

(°) TESTS OF INTEREST-OQCCASIONALLY HELPFUL

Serum phosphorus may be increa ed with active phase (Chapter 11 p
9)

Xray of hands may show lateral tufung of termmal phalanges—occa
sionally an early diagnostic sign (also occurs 1n toes but change 1s less
strikung) (Chapter VI p 63)

Dental X rays may show spacing of teeth and chance in bite (Chapter
VI p 52)

Xray of chest (antero postenor and lateral) may show enlarged heart
(splanchnome,aly) promunence of sternum and enlarged vertebrae
with kyphosis (Chapter V1 p 5/)

Urnalyss may show glycosutia or occasionally evidence of diabetes
msip dus such as low speafc gravity and increased 24 hour volume
{Chapter 11 p 4)

3) LABORATORY FINDINGS OF INCIDENTAL INTEREST
Complete blood count may show eosinophilia and relative lymphocytosis
(Chapter 1T p 6)
Serum sod um occasionally elevated (Chapter 11T p 28)
Serum chlorides occasionally elevated (Chapter Il p 9)
Serum potass um level occas onally depres ed (Chapter 111 p 29)
Gigantism
{physiopathological pracess similar to that 1n acromegaly
except that disease starts during childhood)
(1) MOST IMPORTANT TESTS

N ray of skull usuallv shows enlirged or deformed sella turcica acro-
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megalic changes alsa may accur aftes epiphyseal chosure (Chapter VI

r

Clucose tolerance test may shoy chabetic tendency or drabetes (Chapter
nr p 1)

Basal metabolic rate moderately elevated with autne phase moderately
low i burned out phase (Chapter V p 43)

Uninaty 17 hetosteronds excretion elesated 1n actne phase may be
low m burned out  phase (Chapter VIT p 69)

(°) TESTS OF INTEREST—-OCCASIONALLY HELIFUL

Serum phosphorus may be increased with actne phase (Chapler N1 p
25)

Bone age may be shghtly retarded especially with secondazy ennuel o
tm (Chapter VI p 3)

Unnalyss may show gl or y
wnsipidus such as low speafic yravity and mcreased 21 hour volume
(Chapter 11 p )

Dental X rays may show spacing of teeth (Chapter V1 p 50)

evidence of disbetes

Antertor Prtwatary Insufficiency—-Adult

(of varving, degrees—findings tvpreal of extreme insufficiency
{Stmmonds disease) will be mdicated)

(1) MOST IMPORTANT TESTS

Xray of skull may show enlarged or deformed sella turcica 1f tumor
1s cause of the disease (Chapter VI p »3)

Basal metabolic fate lv  may be rery low f1e mnus 40 10 07) n
Simmonds disease (Chapter \ p 43)

Uctmary 17 hetosteroids usually low (Chapter VI p 69)

Unnary gonadotropins (FSH) usually low—tmportant in diagnosis of
hypogonadotropic eunuchorlism (Chapter VI p 7 )

Clucose tolerance test low flae curte with tendency to hypoglycena
latter may be marked in Simmonds disease (Chapter III p 15)

Tnsulin tolerance test shot s senstvity (o insulin may be marked to the
point of danger in Stmmonds discase—t this condition s susy ected
use Yo to V4 recommended dose of tnsultn and have glucose ready
for parenteral my ctin 1f necessary dunng course of fest (Chapter

utp 1)
(") TESTS OF INTEREST—OCCASIONALLY HELPFUL

Serum cholesterol normal or ugh s pitmtary my<edema type—normal
Iovels 1 2 paucnt with myxedematous appearance should suggest
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possibility of primary pitwitary etiology (Chapter III p 1,)

Eosinophile count normal or low (Chapter III p 10)

[ pin (ACTH) test P usually drop more than 50™
(Chapter 1T p 11)

Serum sod um occasionally low with secondary diminution of adrenal
cortical function (Chapter Il p 28)

Serum chlorides occasionally §m with secondary diminution of adrenal
cortical function (Chapter I p %9)

Serum potassium occasionally hgh wih sccondary dimmnution of
adrenat e riscal function (Chapter INT p 20)

(3) LABORATORY FINDINGS OF INCIDCNTAL INTEREST
Serum carot n occasionally increased caus ng carounema (Chapter HI
P 23)

shows bradycardha and small comp changes more

marked m Simmonds disease (Chapter V p 47)

Chest Xray may show small heart (splanchnomicna) especially m
Simmonds disea e (Chapter VI p 1)

Complete blood count may show secondary anemra and eosmophil a
more frequent 1n Stmmands disease (Ct apter 11 p 6)

Gastne analysis may show hypraadity or achlorhydna especially n
S mmonds disease (Chapter v p 46)

Unnalys s occa onaily shows hgh 21 hour volume and low speafic
grav ty with diabetes ins p dus (Chapter I p 7)

Serum calcium may be moderately low (Chapter 11T p 24)

Endometnial b opsy shows ovaran failure with lutle prohferatne and
no secretory change most marked 1n severe insufficiency (Chapter IX.
P 93)

Semen examination yolume small sperm ab ent or 1 low concentra
tion fructose concentration low spe imen may be unobtamnable 1n
severe hypopiturtansm (Chapter X p 96)

Hypophyseal Infantilism
{physiopathological process ssmilar to that m adnlt anterior
prustary insufficiency exeept that disease starts i childhood)

() MOST IMPORTANT TESTS
Nray of skull may show enlarg d or deformed sella turcica if tumor
18 cause of the discase (Chapter \1 p 53)
Basal metabol c rate moderately low (Chapter V p 43)
Uninary 17 hetostero ds Jow excretion for age (Chapter \II p 69)
Ur nary gonadotrop s (FSH) low or absent (Chapter VII P 7)
Bane age moderately retarded 1n chuldhood (Chapter VI p 53)
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(2) TESTS OF INTCREST~OCC {SIO\ {LLY HELPFUL
Glucose tolerance test Jow flat cune weth tendency to hypoglycemn
(Chapter III p 15)
Plasma cholesterol shightly low (Chapter IIf p 17)

(3) LABORATORY FINDINGS OF INCIDENTAL INTEREST
Blood counts may show relatie Jymphocytosts (Chapter 11 p 6)
Uninalysis occasionally shows high 21 hour volume and low speafic

gravay 1f diabeses ansiprdus s present (Chapter 1 p )
Dental X rays may shov crowding of teeth m small arch (Chapter V1
p %)
Frochlich Syndrome

(diagnosts considered only 1n the classical sense when condition

1s caused by a prtwstary tumor as in Froehlich s oniginal case)

(I} MOST IMPORTANT TESTS
Nray of shull shows enlarged or dcformed sella turaca (Chapter VI
53)
Unnalyss occasionally shows hrgh 21 hour volume and low spectfic
gravity 1f diabetes tn iprdus 15 present (Chapter I p 1)
Other hindings charactensue of hypopitmtansm may be present

Dabetes Insipidus

(1) MOST IMPORT ANT TESTs
Uninalysts increa ed 21 hour volume (3 to 16 hters) lov specific grasaty
{1001 to 1003) (Chaptes I p 7)
Xray of skull sclla turcica enlarged or deformed if tumor is causatne
factor (Chapier VI p 23)

(2) TESTS OF INTEREST—OCCASIOVALLY HELPFUL

Blood serology positise tn occasionzl case caused by central nersous
system syphults (Chapter IT p 9)

Unne concentration fest usually docs hot raise unne concentration 1o
above 100> (Chapter IV p 37)

Catter Robbms urinary excresion test helps to differentiate the disease
from psychogemic polsdipsta (Chapter 1V p 36)

Glucose tolerance test nurmal cunve distinguishes the disea e from
diabetes melitus {Chapter 111 p i)
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THYROID DISEASES

Hyperthyraidism

{mcludes that resulung from hyperplasia or toxic adenoma
and exophthalmic gorter)
{1) MOST IMPORTANT TESTS
Basal metabol ¢ rate le el ancreased (Chapter \ p 43)
Blood protem bound iodine Jevel increased (Chapter 11 p 21)
Plasma cholesterol low or low normal (Chapter I p 17)

{ ) TESTS OF IN TEREST—~OCCASIONALLY HELPFUL

Uptake of radioactive sodine high cutve with rapid mise to over 307 10
five hours (Chapter v p 45)

Glucose tolerance test may show sharp rise to hugh level and then
rapud fall (Chapter II p 15)

Usimalysis may show glycosuna (Chapter I p 7)

‘Electrocard ogram shows rapid rate with tall R and T waves—occasion
ally auncular fibrillation or Autter (wh ch may be paroxysmal)—tate
n disease signs of left ventricular hypertrophy may be present
(Chapter \ p 47)

Chest X ray may show evidence of substernal goiter or deviation of the
trachea—late 1n discase may show cardiac hypertrophy or dilatation
(Chapter VI p 57)

(3) LABORATORY FINDINGS OF INCIDENTAL INTEREST
Blood counts may show with relative 1 when
disease 15 severc cosmoptilia and secondary anemia may be present
(Chapter I p 6)
Serum sod um occasionally low (Chapter I1I p "8)
Creatine m urine occasionally present m adult men (Chapter IV p 40)

Hjypothyroidism

{of varying degrees—in adults and chuldren changes character
suc of extreme msufficiency (myvedem=) will be indicated)

MOST IMPORTANT TESTS

Bisal metabolic rate level decreased (Chapter \ p 43)

Blood prote nbound iodine low or low normal (Chapter 1 p 21)

Plama cholesterol level increased (£ normal le el 1
diagnos s of pitu tary myxedema) (Chapter I p 17)

Chest \ray may teveal large flabby atonic myxedema heart or show
evidence of pencard at flud or pleural flud (Chapter VI p 57)

found consider
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Blood counts secondary anemia frequent primary anemia occastonally
seen relatine lymphocytosis (Chapter 11 p 6)

Urmalysis atbumm and signs of chronre nfection resufttng from
Lladder atony and n-sulua] urne (Chapter 1T p 7)

Bone age (1mp childhood) shows marked n child

hood myxedema (Chnplcr VI p 53)

(2) TLSTS OF INTEREST—OCCASIO™ ALLY HELPFUL

Uptake of radioactive sodine low uptake cune (Chapter V p 40)

Serum ¢arotin usually increased so that arotinenua 1s present in un
treated myxedema (Chapter III p 93)

Glucose tolerance test curve teads w be low and fiat (Chapter I1I p 15)

Ll shows  brads PR intenal Jow
voltage changes in § T scgments and dcprcs‘cd ornverted T waves—~
changes most marked 1n definite myxedema and are reversible with
ereatment (Chapter \ p 44)

Unnary 17 hetosteroids excretion usvally low (Chapter \II p 69)

Dental % rays may show retarded dentition in children (Chapter VI

p 59
Gastrointestinal x rays demonstrate atony and sfuggish funcrion of bowel

 (Chapier ¥1 p 9)
atony of

"bladder and residual urine (Chapter %1 p uy)

(3) LABORATORY FINDINGS OF INCIDENTAL INTEREST
Creatine 1n urine may be absent 1n childhood type of myxedema (Chap
ter IV p 40)
Gastric analysts acdsty usually low with occasional achlorhydna (Chap

ter\ p 46)
Serum sodium occastonally shightly high (Chapter I p %)
Endometnial biopsy may show excessné bleeding from proliferause
endometrium~also occasionally from secretory endometrium (Chapter

X op 9D
PARATHYROID DISEASLS

Hyperparathyroidism

() MOST IMPORTANT TESTS
Serum calcsum level mereased (Chapter I p 24)
Serum phosphorus lesel depres ed (Chapter Il p 2 )
Scrum alhaline phosphatase fevel increased with bone fmvolvement—
fow € na bone avolvement (Chapter 11J p 26)
Unne Sulkowitch strangly positsse (Chapter IV p 38)
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Unnalyss caloum casts may be found late wn disease xenal stones
usually present causing a\tlupuf’?ed Blood eells white blood cefls
and casts (Chapter If p "hale ™ o

Xray bone studres may ghos osteopaross or the fpial widely dis
tubuted subperostest custs {osteius fibrosa opstica of von Redkbng
hausen} (Chapter VI pp 6464)

{ ) TESTS OF INTEREST—OCCASIONALLY RELPFUL
Pyelagrams {(intravenous or retrograde) in Jatt cases may Gemonstrate
nephrosalcinosis enal hathins or pvelonephritis (Chaptes VI p 59)
Dental Xrays show s appesrance of lanuna dura around wots of
ieeth (Chapter VI p 50}
Tiloed non protewn mitrogen may be elevated i termunal cases (Chap
ter VI p 59

{3} LABORATORY FINDINGS OF INCIDENTAL INYEREST
Blood counts occassonally show secondary anemua and eostnophtia
{Chapter IT p &)
Chest .ray cardiae enlargement may be found 1n late cases (Chapter
N p G

Hypoparathyraidism
{parathsroid tetamy)
(1) MOST IMPORTANT TESTS

Serum calouna fesel depressed (Chapter [ p 24}
Sevum phosphorus level mereased (Chapter I p 25)
Unine Sulhowitch results negatve or weably postane (Chaptes 1V p 38)

() TESES OF INTEREST~OCCASIONALLY HELPFUL

Efisworth Howard test shows merease 10 unnary phosphorus mportant
n irom dobs {Chapter IV
P40y

Dental Xrays mav shaw enamel defects and bluatg of dentst roots
(Chapter VI p o)

(3) LABORATORY FINDINGS OF INCIDENTAL INTEREST

Plasma €O combimmg power occanonally shghtly wncreased (Chapter
Wips)

Basal metabol ¢ rate cccasionally moderately elevated (Chagtex 4 p 48)

Blond counts may show polyesthenna and refadine hraphaata 18 (Chap-
o111 p 6)
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Pyeadohypoprrathyrotdism
(Sebright Bantwm syndrome)
(1) MOST IMIORTANT TEST
Ellsworth Howard test shows coustant excretion of phaspharus (Chap
ter IV p 40)

DISEASES OF PANCREATIC ISLETS
Hypennsulimsm
(1) MOST IMPORTANT TEST
Glucose tolerance test shows Jow fasting level and Jow cune with ten
dency to hypoglvcemic dip~tests should be run from 5 ta 6 hours and
extra blood specrmen taken 1f hypoglycemic symptoms occur (Chapter
M o)
(%) TEST OF INTEREST-OCCASIONALLY HELPFUL
Insulin tolerance fest shows sensitivaty Yo ansuhin with Jow blood sugar
1 y 1nduce hypogl attack and p 1 glucose should
be ready for ingectron 1f necessary (Chapter 11 p 17)

(3) LABORATOr'Y FINDINGS OF INCIDENT AL INTERLST
Plasma cholesterol may be slightly low (Chapter IIE p 17)
Seruen phosphorus mav be shghtly low (Chapter I p 22)

Diabetes Melltus
{mcluding tardosis)

(1) MOST IMPORT ANT TLSTS
Ustnalysis shows sagar and hugh specific gravity an aaido 11 acetone and
diacetic aaid are present with kimmelstiel Wil on syndrome albumin
and casts are found (Chapter If p 7)
Glucose tolerance fest shows high curie with slow fall (Chapier 11F
p 19)
Plasma CO combimng power Iw in acdows (Chapter N p 3%)
(2) TESTS OF INTEREST-—OCCASION ALLY HELIFUL
Plasma cholesterol tends to be high especially 1n acidosis (Chapter 111

5
Blood non protain nstrogen may be clevate! m aadosss (Chapter 111

Electrocardiogram may show signs of Icw serum potassium as a complt
cation of acdosis (Chapter ¥ p 47)

Berger test 100 mg corticatropin (VCTH) before gluco € tolerance test
may mdicate potental duabetes mellitus (Chapter 11 p 16)



ENDOCRINF DISEASE INDEX 121

Serum phosphorus may be shightly high and does not fall normally
during intravenous glucose tolerance test (Chapter II p 23)

(3) LABORATOR). FINDINGS OF INCIDENTAL INTEREST
Unine creatne occasionally present m adult men (Chapter IV p 40)
Unnary 17 hetostero ds ¢xcretion may be shightly low (Chapter VII
p 69)
Blood counts may show polycythemia and leucocytosts i aadosss (Chap-
ter p 6)

DISEASES OF THE ADREN \LS

Cushing s Syndrome
(hyperadrenocorticismy
(1) MOST IMPORTANT TESTS

Glucose tolerance test shows tendency to diabetic type of curve {Chap
ter I p 15)

Unnalysis may show glycosuna i Jate hypertensive phase raay show
albumin casts and fixed speaific gravity (Chapter 11 p 7)

Blood counts show characten tic polycythernia (Chapter I p 6)

Urmary excretion of 1loxysterouds or glycogen ¢ cortico ds or Com
pound F & ¥ sterowds usually mncreased (Chapter VII p 66)

Xrays of hones may show ostcoporosis including collapse of vertebrae
(Chapter VI p 64)

() TESTS OF INTEREST--OCCASIONALLY HELPFUL

Uninary 17 hetostero ds may be slightly elevated Hugher 1f condinon
15 result of adrenal cortcal tumor (Chapter VIT p 69)

Abdominal X\ rays mnclud ng pyelovtams (either mtravenous or retro-
grade) Causati e adrenal tumor may cast soft tissue shadow or cau e
down ard di placement of hidrey or deform ty of upper calyx {Chap
ter VI p 59)

) may
causative tu nor by contrast (Chapter VI p 61)

Serum sodrum may be elevated (Chapter Il p 28)

Serum chlonide may be elevated (Chapter III p 23)

Serum potass um may be lowered (Chapter TII p 29)

X ray of chest may show enlargement of the heart late in course of di
ease with lateral view demonstrating possible collapse of vertebrae
from osteoporosts (Chapter VI p 57)

Electrocard ogram may show s gns of left sentneular hypertrophy and
myocardial damage late an couse of disease (Chapter V p 47)

Blood non proten mitrogen may be elevated in terminal phase of disease
(Chapter 1Y p 3 )
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(3) LABORATORY FINDINGS OF INGIDENTAL INTEREST
Basal metabolic rate may be moderately clevated (Chapier \ p 43)
Plasma cholesterol may be shghtly high (Chapter I p 11

Adrenal Cortical Tumor
(occastonal patients with Cushing, s syndrome are n ths cate
sory—childhood syndromes (adrenogenital) include precocious
puberty 1 boys precocious puberty 1n the masculine direction
mgirls and very rirely gynecomastia in boys)

(1) MOST IMPORTANT TESTS

Urmary 17 ketosterords excretion usually increased reachung levels of 50
to over 1000 mg per ®4 hours rarely howeser the excretion may be
normal i beta Iraction 15 over L0 with a toral excrenon of over »0
g carcnoma ts hikely (Lh:lplcr\” p 9

Ab Xrays (etther or retro-
grade) tumor may cast soll uuuc shadow or cause downnpard drplace
ment of hidney or deformity of the upper ml)( {Chapter VI p 59)

L tumor
by (onmn! (Chapter \{ p 51)

Glucose tolerance test may show diabetic type of curve (Chapter HI
p 15

Urinalysis mas show glycosunia (Chapter 11 p ¢)

Allen test (for dehydroisoandrosterone st upine) positive with tumor—
may be helpful in differentiation from adrenal cortical hyperplasia
{Chapter VII p 67)

Bone age zdianced with pubertus priccox m childhood (Chapter Vi
P 53)

(2) TESTS OF INTEREST-QCCASIONALLY HELPFUL

Scrum sodinm may be elevated (Chapter 111 p -8)

Setum chloride may be elevated (Chapter IIf p 29)

Serum potassium mav be low (Chapter Iif p *9)

Perirenal air (or gas) may help to the tumor
hy contrast a relatiely dangerous procedute (Lhapter VI p .9}

Asteriography mav demonstrate crrculation to the tumor (Chapter V1

Testis biopsy tn boys with sexual precocity—shows some tubular de
nt but no sp and no actation of Leydig cells

P 3
may help to differentiate from other types of precacious pubesty

(Chapter XI p 110)
Deutal X rays may show adianced dentition with precocious puberty

(Chapter VI p 55)
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{3} LABORATORY FINDINGS OF INCIDENTAL INTEREST
Endometrtal biopsy may show atrophy of endometnum (amlar to pic
e seen follywing farge dases <t androgens) (Chapter I p 814)
Basal metabel ¢ rate may be modersiely elevated (Chapter ¥ p 43
Plasw chalestesol may be shghtly bigh (Chapter HE p 14}

tdrenal Cortical Hyperplasia
{Many laboratory findangs are siular to those found 3n adrenal
corucal tumor thaugh changes are usually less marked}

{1} MOST IMPORTANT TESTS

Usinary 17 hetostermds excreton usually increased tswal sange 30 b
100 mg per ©4 hours {Chapter VEL p 63)

Nray studies of adremal regrons { achudmg pyclograms and contrasg
stud es} no evidence of tumor seen (Chapter VI pp 50 & 61)

Allen test (for dehydrosseandrosterone sn the urme) negaine~wmay be
halpiul vo differentiation from adsena) ottical tumor (Chapger VT
p &7

Clucose solérance test may show diabene tvpe of cune {Chapter 1Y
P 15

Us malysre oy shos o wna (Chapier 1 p 7Y

Bone age achanced with puberte praccot i chaldhood (Chapter VI
P 3

) TESTS OF INTEREST-OCCASIONALLY HLLPTUL
Test 3 biopsy m Lays with exual precocitv—show some tubular develop
meat het no permatogeness and o actation of Ley fig celfs may
help o d ffesennate from other tipes of precocs us puberty (Chapter
Moy Uy
Denzal Xiays may show adsanced dentnon with precotiovs puberty
(Chaptes VI p )

{3) TABORATORY FINDMNGS OF INCIDENVT AL INTEREST

Endomernst biopsy say show atrephy of endometr arm {stlax to psc
tuse seen followng Jarge duses of androgens) (Chapter 1N p 81

Adrenat Medullary Tumor
(Pheochromecytoma)
(D) MOST IMPORTANT TESTS
Bentod oxane sest u ualhy cause dr o blowd Pressuse dunng peuods
of hyperens on iChapter \ p 39)
Reg tine 1 £ ¢ sually caa es ma bed all i blood pressure luning pens sis
of hyperten son (Lhapser \ p )
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Abds Xrays 1 I (erther or fetro-
grade) tumor may cast soft usmc shadow or tanse downward displace
ment of Jadney or deformuty of the upper calyx {Chapter V1 p .9

£29) tumor

by tonlmst (ch:pzcr\l p 61)
Caution—pressure from gas on tumor may prectpitate attach of
paroxysmat hypertenston

(°) TESTS OF INTEREST-OCCASIONALLY HELPFUL

Dibenamine 1est cauces decrease i blood pressure af hypertension 13
present (Chapter\ p ol)

Histamune fest may cause marked increase sn blood pressure and pro
voke a charactenistic attach (increase 13 blood pressure may be
dangerous) (Chapter \ p 5)

Mecholyl fest (acetyl beta methylcholine) may induce hypertensive
attack (may be dangerous) (Chapter  p 51)

Tetraethylammonium test usually anduces a paroxysmal hypertensise
attack (may be dangerous) (Chapter \ p 1)

Cald pressor test nit a likely tw produce bypertension a differential
potnt from other wypes of kabe hypertenon (mav be dangerous)
(Chapter V p oty

(3) TESTS OF INTERUST-OCCASIONALLY HELPFUL
Basal metabolic rate mav be elerated (Chapter \ p 43)
Glucose tolerance rest may show drabetic type of cune (Chapter JII

p 1)

Uninalysis may show sugar and albummn  especially dunng attachs

IChaplcrH P/}
may show tachycardiz and ¢ fes during attacks

/umpmr\ p )

Addisons Discase

{1) MOST IMPORTANT TESTS

Serum sodium lescl depres ed (Chapter 111 p ™8)

Serum chlonde level depressed (Chapter 1 p 2%

Serum potassium level increased (Chapter 1T p 25)

Robinson Power hepler naterexcretion test demonstrates slow everenon
of vaterand A factor bel w » (Chapter IV p 35)

Curculating cos nophile count high or high normat (Chapter I p 10y

Cartrcotrop n (ACTH) fest (3 hours and 48 hours) shows failure of the
wreulating eosinophiles to drep 0% or more (Chapter 1H p 1Y)

Uriary 17 Ketosteroids excretson low may approximate © m women

(Chapter VII p 69)
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Glucose tolerance test shows low flat curve with tendency to hypo-
glyceria (Chapter 11 p 12}

Insulin tolerance test may demonstrate extreme sensitwity to insulin—
1f this condition 1s suspected use ¥z to 14 recommended dose of ansulin
and have glucose ready for parenteral mnjection 1f necessary dunng test
(Chapter 111 p 1/}

Blood non protem mitrogen may be elevated 1n cnsis (Chapter III p 3%)

(%) TESTS OF INTEREST—OCCASIONALLY HELPFUL

Cutler Power Wilder test shows increased excretion of urnary chlondes
¥ enss) (Chapter IV p 34)

Chest X ray may show tuberculosis (Chapter VI p 57)

Abdomnal \ rays may show calaification of adrenal glands (Chapter VI

59

Blood Lmnu toay show se ondary anema eosinophiha and relause
lymphocytos: {Chapter XX p 6)

Gastric analysis frequently shows low gastr ¢ aaidity or achlorhydria
(Chapter V p 16)

(3) LABORATORY FINDINGS OF INCIDENTAL INTEREST
Basal metabolic rate may be moderately low (Chapter \ p 43)
Plasma cholesterol may be slightly low (Chapter III p 17)
Serum calcrum may be moderately low (Chapter I p 21)
Serum phosphorus may be shightly high 1n cisis (Chapter III p 2.)
Plisma €O combinng power occa tonally low (Chapter I p 3%)

Sumple Hirsutism
(1) MOST INIPORTANT TEST
Ur nary 17hetostero d may be shightly icreased—to levels of 25 to 30

mg per { hours Higher Jesels (7 mg or above) suggest adrenal
corucal tumor (Ghapter VIT p 69)

GONADS-DISEASES AND ASSOCIATED CONDITIONS

Pregnancy
{1) MOST IMPORTANT TESTS
Hormone excretion tests
{Ascheim Zondeh test Freidman test South Amenican male toad test
(Galli Main ni) North Amencan male frog test South African female
claved frog test and Guteman test) Posttive (Chapter VII p /)

{2) TESTS OF INTEREST~OCCASIONALLY HELPFUL

Vaginal smear shows high percentage of cortufication at first but after
two (o four weeks increased number of folded basophilic and mud
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2onal celis are seen wWith threatened or incomplete abortion red cells
appear as well as leucocyies and histrocvtes often in dusters or roseties
(Chapter V111 p 86)
Urinary 17 ketosteroids excretion shghtly snereased (Chapter \11 p 69)
Pregnandiol excretion elevated level falls wuh threatened abortion
(Chapter VIT p 78)

Endocrine Ovarian Tumors
{2) TESTS OF INTEREST—OCCASIONVALLY HELPFUL

Uninary 17 hetasterands may be sightly increased 10 ky perthecosis and 1n
arrhenoblasto n1 (Chapter VII p 69)

Lndometrial bropy with granulasa theea cell tumars may show evidences
of hypesestinism such as cystsc hypesplasia or deadua Iike changes—
occasionally scerctory changes are scen wath arrhier pblastoma atrophic
endometrinn may be found (Chapter 1N pp 93 & 94

Unnary pregnandiol excretion may be mcreased wilh polyesstic orartes
(Stemn Lescnthal syndrome) (Chapter VI p 78)

Cervical mucus profuse clear and thin with goheystic ovartes (Chapter
VIH p 88)

{3) LARORATORY FINDINGS OF INGIDENTAL INTEREST

Rasal metabolic rate may be moderately elevated n arvf enol lastoma
(Chapter v p 43)

Glucose tolerance fest occastonally shows habete type of curve It
arrhenwblostoma (Chapter 11 p 1)

Serum sodium and chlonde may be shghtly clevated in grrhenoblastoma
(Chapter I pp 23 & 29)

Sesum postassium mav be shightly low 1n @ henol lastoma (Chapter 11
P 29

‘enopause Syndrome
(1) MOST IMPORTANT TEST
Vagmal smear shows rarying degrees of estrogen deficiency—f muld
most cells from mtermediate 1aver and tormhed cells 0% oy under
if moderate most <ell [rom basal laver some intermediate celfs seen
and percentage of cormhicauion low 1f screre meatly all cells from
basal laver leucocvtes and bactena promment {Chapter VIIE p Bs)

(%) TESTS OF INTEREST-OCC ASIOVALLY HELFFUL

Unmary gonadotropins (ESH) usallv elevated (Chapter VI p 72)
Uzrmary 17 ketostera ds shghddy dinuarshed  fevel further depressed

old age (Chapter VIS p 63
Endometnal biopsy shaws Ludle r scant [ roliferative change and no

secretory change tChapter IX p 37)
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Xrays of bones occastonally show osteopatosis more frequent mn later
years (Chapter VI p 64)
v
Ovanan Aplasia
(Ovarian agenesis Turners syndrome)
(1) MOST IMPORTANT TEST
Ur nary gonadotrop ns (FSH) high—(patient should not have received
estrogens for one month before test 15 performed) (Chapter VII p 7.)
() TEST OF INTEREST-OCCASIONALLY HELPFUL
Xrags of bones may show osteaporosss or evidences of congenutal de
formities (Chapter VI p 64)
Bone age only slightly retarded (Chapter VI p .3)

Cancer of the Lower Female Gemital Tract
(1) IMPORTANT TEST
Vaginal smear (Papamcolaou stamn) 96% accuracy with squamous-cell
caranoma 80  accuracy with endometnal or fundal carcinoma
(Chapter VIII p 8/)
{’) TEST OF INTERLST-OCCASIONALLY HELPFUL
Endometnal bop y shows caranoma 1n 75% of cases—D & C 15 more
certain and 1s therefore preferable (Chapter IX p 94)

‘Tuberculosis of Endometrium
(I) IMPORTANT TEST

b opsy shows h
(Chapter IX p 94)

Hypogonadism
(male and female—includes eunuchoidism)
(1) MOST IMPORTANT TESTS

Uninary 1~ Ketoste o ds excretion duminished 1n males but may be
shightly elevated (Chapter VII p 69)

Urn ry gonadotrop ns (FSH) excretion increased 1n eunuchs female
catrates and n some eunuchods n latter may alsa be normal or
low (Chapter VIT p 7.)

(*) TLSTS OF INTEREST-OCCASIONALLY HELPFUL

Bone age moderately retarded with delayed epiphyseal clo ure in child
hood and early adult Iife (Chapter VI p .3)

Basal metabalic rate may be moderately low (Chapter \ p 43)
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Urinary ereatine may be present tnt adult males (Chapter IV p 40}
Serum carotur occastonally sncreased causing carotmerma (Chapter I
23)

Yaginal smear shows ncarly ail baal cells with low percentage of
¢ormification leacocytes and bactena provunent (Stmdar picture scen
following androgen therapy) (Chapter VIII p 8) lodine rapor stan
shows low glycogen nde« (Chapter VIII p 89)

Endometrial biopsy shows little or no proliferative change and no
seeretory change senal stadies ciery one to two weeks well shaw any
evtdnce of oyvele or ovulauon (Chapter IN p 92)

Semen volume 15 and sperm
ot absent fructose concentration low (specimen may be unobtaipable)
{Chapter \ p 95)

low

{3) LABORATORY FINDINGS OF INCIDENTAL INTERIDST

Serum caleium may be moderately Jow (Chapter III p 21)
Biood count [requently shows a relative lymphocytosts (Chapter IT p 6)

Infertlsty
{male and female)
(1) MOST IMPORT ANT TLSTS

Semen exanunatien tolume decreased s tth hypogonadi m  abnosmal
transparency and walery viscomty associated with low sperm com
centration (Chapter \ p 9s)
sperm count shows ohgospermia {under ¢ mihon per ¢c) or with
relatne wmfertility 20 to 60 milhon per cc or azoosperana—the fatter
may be from Jocal pathology in testicle (Chapter % p 98)
wnpared mopility of sperm may be scen (Chapter X p 98)
abnormal forms of sperm over 30% in differential count (Chapter X
p 99
high pescentage of non viable cells by Blom stam (Chapter X p 101}
abundant crystals with germmal hypoplasia (Chapter X p 161)

Endometrial biopsy mav show » £ Jqen deficiency with hictle or no change
(Chapter I\ p 97) or pr gesterone deficiency (evidence of anovulatory
cvele) with no secretory change (Chapter IN p B9)

(2) TESTS OF INTLREST—OCCASIONALLY HLLPFUL

Testis biopsy may be nor ial if mechamical blcck 18 present wn vas (T
ety show the following abno rialities dt organtaed spermatogenesis
artested development of germinal epitheltum germinal aplasia tubt
Jar fbrosis and selerosis or e wlence of inflammation and nlectson
(Chapter \I p 101)

Exammation of cervicll mucus may be thick (as opposed to thun at ume
of greatest fertulity) (Chapter VUI p 88)
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Male Chmacteric
(") TESTS OF INTEREST—-OCCASIONALLY HELPFUL
Unnary gonadotropins (ESH) may be clevated (Chapter \IT p 75)
Uninary 17 hetosteroids level shghtly dim mished may be further de
pres ed m old age (Chapter VT p 6%)

Cancer of the Male Genital Organs

(1) MOST IMPORTANT TLSTS

Serum acid phosphatase may be elesated 1 carer 10 ta of the prostate
i there 15 ) t of bone (Chapter IIX

P 2%)
Chomonepithel oma of testis gives poxiti e pregnancy test (Ascherm
Zondeh Friedman male frog male toad ete) (Chapter Vil p 69)

Precocious Puberty
(of pineal hypothalamic thymus or idiopathic origin)
(1) MOST IMPORT ANT TESTS

Uninary 17 hetosteroids may be mcreased 1f chin cal picture results from
© ersumulation of the adrenal cortex {Chapter VII p 69)

Tone age advanced over chronological age (Chapter VI p U3)

Tests bopsy in striple premature 1 ascul mty shows sumnlation of all
elements—Leydig cells are scen a» well as varying degrees of sperma
togenesis (Chapter NI p 110)

Xrav of skull may show evidence of pineal or hypophalamic tumor
(Chapter V1 p 53)

Chest X ray may show ey dence of thymic tumor (Chapter \1 p 57)

(%) TESTS OF INTEREST-OCCASIONALLY HELPFUL

Urinalysis may sho v ancreased 4 hour volume an 1 low speaific gravity
1E diabetes insiprdus 1s present (Chapter 11 p 7)

Dental Xray may show advanced dentition (Chapter V1 p 55)

(3) LABORATORY FINDINGS OF INCIDENTAL INTEREST

Bawal metabt] ¢ rate may be moderately elevated (Chapter \ | 43)

Serlm sodwm and chlor lc may be shghely high (Clapter HI pp 28
&9

Serum potass um may be shghtly low (Chapter I p 29)

VMISCLCLLANEOUS SINDROMES-NOT NE( ESSARILY
ENDOCRINFE
Rlinefelter Syndrome
(1) \VOST TMPORTANT TESTS
Unnary gonadotropins (FSH) excretion clevated (Chapter \II p 7.)
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Semen exammation shows evidence of spermatogensc falure with
oligospermia or azoospermia (Chapter \ p 101)

(2) TLSTS OF INTEREST-OCCASIONALLY HELPFLL

Testis biopsy shows partal to complete hyalinuzation of tubules inter
stiral (Leydig) cells numerous and promenent (Chapter \I p 110)

Albnghes Syndrome
(potyostotic fibrous dysplasia)
(1) IMPORTANT TEST

Xray of bones may show charactersstic disserminated ostettts fibrosa
evstica 10 segmental distribution (Chapier V1 p o )

(-} TLST OF INTERELST
Serum alkaline phosphatase may be moderately elesated (Chapter HI
p 26)
Osteoporosts

(1) MOST IMPORTANT TESTS
Urne Sulkewttch test strongly posttne when condition is severe (Chap

ter IV p 38)
Serum calium  phosphorus and alkalne phosphatase normal (Chap

ter I pp 24 2o & 26)
Dental X rays mav emphasize presence of osteoporosis by contrast (Chap

ter V1 p 54)
Pagets Disese of Bone
(I} MOST IMPORTANT TLSTS

Unine Suthowtch strongly posine (Chapter IV p 38)
Serum alkal ne phosphatase high (Chapter 11I p 26)

(2 TEST OF INTERLST
Serum calaum occasionally shghely hugh (Chapter I1T p 21)

Vitrmun D Intoxication

(1) MOST IMPORTANT TESTS
Urtne Sulkowitch test strongly positive (Chapter TV p 38)
Serum calaum elevated (Chapter III p 24)



ENDOCRINE DISEASE INDEX 131

Anorexia Nervosa
{may be difficult to disungmsh from Simmonds disease)
(1) MOST IMPORTANT TESTS
Basal metabol ¢ rate may be very low (Chapter\ p 43)
Urmary 17 hetosteroids normal or low (Chapter VII p 69)
Uninary gonadotropins (FSH) normal or low (Chapter VII p ¢3)
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