


HYPERPARATHYROTDISM

By

B. MARDEN BLACK, M.D.

Assocsate Professor of Surgery
Mayo Foundation for Medical Education and Research
Graduate School, University of Minnesota
and
Devision of Surgery
Mayo Clinic
Rochester, Mimnesota

CHARLES C THOMAS * PUBLISHER
Springfield - Ilinois - US.A.



CHARLES C THOMAS - PUBLISHER
BannensTone House
801327 East LAWRENCE AVENUE, SPRINGFIELD, Ittmots, US A,

Published symultaneously in the Brtish Commonwealth of Nations by
BLACKWELL SciENTIFIC PupLications, Lrn, Oxronrn, ENGLAND

Published simultaneously m Canada by
Tre Ryerson Press, Torovto

This b I by ht. No

graph 1s p rrhe
part of 1t may be reproduced in any manner
without wnitten permission from the publisher

Copynght 1958, by Cuiarwss C Troas + PupLisiEn

Library of Congress Catalog Card Number 53-8630

va ur il Shaltn’ Surks vyt sbrirtbat



CONTENTS

Chapter
I. INTRODUCTION

II. HisTomicAL . .... ...
II1. PATHOLOGIC PIYSIOLOGY . .. ..... «vet oo

IV, PATHOLOGY .. .. . .. L.eeh aeeeanns
Single Adenoma . .. . . ... ...
Multiple Adenomas
Pnimary Hyperplasia .. .

Carcinoma . . .

V. CLINICAL ASPECTS
Age
Sex .
Duration of Symptoms
Symptoms Due to Hypercalcemia .
Symptoms Associated with the Unnary
Tract .
Report of a Case
Symptoms Due to Osseous Comphcahons
Roentgenologic Findings
Acute Hyperparathyroidism
Peptic Ulcer and Hyperparathyroidism
Hyperparathyroidism and  Polyendocrine
Adenomas .

VI Dracnosis
Serum Calcium
Serum Phosphorus (Inorganic)
Urinary Excretion of Calcium
Alkaline Phosphatase
Minimal Diagnostic Criteria
Exclusion of Hyperparathyroidism

v



CHARLES C THOMAS - PUBLISHER
BannersToNE House
301-327 East LAWRENCE AVENUE, SPRINGFIELD, ILLvots, US A,

Published simultaneously w the British Commonwealth of Nations by
BrackweLL SciENTIFIC PusLications, Lrp, Oxroro, EncLanp

Published simultaneously , Canada by
Tue Ryersov Press, ToroNTo

This monograph is protected by copynght No
part of it may be reproduced 1 any manner
without wnitten permussion from the publisher

Copyright 1953, by Cuarces C THowas - PUBLISHER

Library of Congress Catalog Card Number 53-8630

Printed in the United States of America



HYPERPARATHYROIDISM



vi HYPERPARATHYROIDISM

VII. DiFrerextiAL Diacnosis 62
Hypervitaminosis D ... 63
Multiple Myeloma . 64
Sarcoidosis ..o ieies el 64
Syndrome Resulting from Prolonged and

Excessive Intake of Milk and Alkali .... . 65
Metastatic Osteolytic Malignant Growths . 66

VIII. TREATMENT . e .. 68
Normal Parathy roxd Glzmds P (]
Atrophic Parathyroid Glands .. ......... 71
Number of Glands . .. P 2
Location of Parathyroid Glands . . L. 72
Location of Parathyroid Adenomas . . . 75

Size of Parathyroid Adenomas .. .. 78

I1X SurcicarL PROCEDURES . .. 82
Cervical Dissection . 82
Mediastinal Dissection . .o 86

X PostoreraTIVE COURSE AND COMPLICATIONS . 89
REFERENCES 95
107

Inpex



Chapter 1
INTRODUCTION

YPERPARATHYROIDISM is a relatively common, poten-
H tially fatal disease which, if treated before irrevers-
ible renal damage has been produced, is curable in the
great majority of cases. Neither the diagnosis nor the treat-
ment is particularly difficult. A working knowledge of the
disease, as it is known at present, evolved some 15 to 20
years ago Failure to apply this knowledge clinically is re-
sponsible for the fact that hyperparathyroidism 1s still
widely regarded as a rare disease of httle general interest
or importance. It was because of the belief that the condi-
tion is still being largely overlooked, and that another re-
view of the subject might broaden interest i hyperpara-
thyroichsm, that I rather welcomed the opportunity to
contribute the volume on hyperparathyroidism to the
American Lecture Series

An attempt has been made to assemble the information
necessary to diagnose and treat hyperparathyroidism suc-
cessfully It should be emphasized, however, that
ful case-finding and treatment demand a special interest
on the part of mternist, roentgenclogist, chnical patholo-
gist, tissue pathologist and surgeon The number of cases
found will depend to a large extent on how regularly cal-
cum determunations are carned out 1n cases of urinary
Tithiasss, so that the urologist becomes a most important
member of the group Unless there is a jomnt interest m
hyperparathyroidism, the diagnasis 15 Iikely to be uncer-
tan and rarely made, while treatment will be largely un-
satisfactory.

As a bass for the review, 1 have drawn heavily on the
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Chapter II
HISTORICAL

HE SKELETAL disease caused by hyperparathyroidism
T\vas clearly described by von Recklinghausen in
1891. Among a group of 16 necropsy cases of osseous dis-
ease there were three in which the bony changes were
very similar if not identical to generalized osteitis fibrosa,
and Case 7 was certainly an example of the osseous disease
caused by hyperparathyroidism. In this case, extensive
fibrosis, cysts, and brown tumors were emphasized, and
the patient had had many spontaneous fractures The eti-
ology of the disease was not suspected nor was even the
existence of the parathyroid glands, although they had
been discovered 11 years previously. Sandstrom (1880)
not only descnbed the four parathyroid glands but
lustrated correctly their relationship to the thyroid
(Fig. 1). He expressed some amazement that such definite
and constant structures had not been recognized previ-
ously. His discovery went quite unnoticed. It was not until
the riddle of post-thyroidectomy tetany and myxedema
was bemng unraveled that the parathyrords were agam
recognized Gley (1891) rediscovered the external para-
thyroids and Kohn (1895) the so-called internal parr. The
relationship of the glands to tetany was finally proved by
ablation expermments by Vassale and Generali in 1900,

The first report of the association of a parathyroid
tumor and generalized osteitis fibrosa was made by Aska-
nazy n 1904. The case was that of a woman, aged 51 years,
who had severe patns in the extremities and many spon-
taneous fractures. At necropsy the osseous disease was rec-
oguized as that which had been described by von Reckling-
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4 HYPERPARATHYROIDISM

Mayo Clinic series of proved cases, which numbered 112
through 1949. The series is sufficiently large to include most
of the variables which might be expected in the study of
any disease. It is probably also more representative than
the cases reported in the literature, since the reported
series 1s still weighted unduly with cases of generalized
osteitis fibrosa. For obvious reasons, only proved cases have
been included 1n the series.

1 would ke to take this opportunity to express my
appreciation and thanks to the members of the Section on
Metabolic Discase of the Mayo Clinie, particularly to Dr.
F. R. Keating, Jr,, for many suggestions concerning the
clinical aspects, to Dr. . B Woolner, of the Division of
Surgical Pathology, who has recently reviewed all patho-
logic matersal pertaining to cases of hyperparathyrordism
in our series, and to Dr D G. Pugh, of the Section of
Roentgenology, for his assistance in clanfying the roent-
genologic aspects. Finally, any review of hyperparathy-
roidism would be incomplete without specifically recog-
nizing the contnbutions to the subject of Dr. Fuller Al-
bright and his colleagues, which have largely made pos-
sible the present understanding of the disease.
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glands. This observation led to studies of the parathyroid
glands at necropsy in cases of osteomalacia, In 1907, he
described three cases of osteomalacia in which the para-
thyroid glands were hyperplastic His report attracted
wide attention, and other similar cases were soon de-
seribed. By 1925, Hoffhemz was able to collect from the
Literature data on 45 cases in which measurable enlarge-
ment of the parathyroid glands had been found at
necropsy. Skeletal disease was associated with the para-
thyroid enlargement in 27 of the 45 cases. Seventeen were
cases of generalized osteitis fibrosa, eight of osteomalacia
and two of rickets.

The observation that calcification of the rat’s incisor
teeth became faulty after destruction of the parathyroids,
together with the finding of hyperplasia of the parathy-
rods at necropsy in cases of osteomalacia and rickets,
led Erdheim to the conclusion that the changes in the
parathyroids were compensatory mn character and conse-
quently were the result rather than the cause of the
osseous disease. Erdheim’s views concerning the relation-
ship of changes in the parathyroids to the osseous disease
have long been considered to have delayed the surgical
treatment of generalized osteitis fibrosa. Albright* (1948)
has recently set the record straight mn this respect. He
pointed out that in rickets and osteomalacia there 1s -
deed hyperplasia of the parathyroid glands and that the
hyperplasia 15 compensatory mn character. In short, Erd-
heim’s conclusions were perfectly sound According to Al
bright, Erdheim was not opposed to parathyroidectomy
in cases of generalized osteitis fibrosa and, in fact, never
expressed himself concerning the question,

Nevertheless, the view was current prior to 1925 that
the changes in the parathyroid glands in cases of general-
ized osteitis fibrosa were compensatory and not the cause
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Fi6 1. The 1l which p d the original desenip
of the paratl ] ]ghndx by d he positions of the four
glands and therr relationship to the thyroid are shown beautifully.

hausen, and a tumor was found lateral to the left lohe of
the thyroid The tumor was not emphasized nor was its
significance recogmized, although it was suspected of being
of parathyroid ongm The fund al step of t-
ing osseous discase with enlargement of the parathyroid
glands was made by Erdheim in 1907, He had noted the
year previously that calafication of the incisor tecth of
rats became faulty after destruction of the parathyroid
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striking. The concentration of calcium in the urine dropped
to a fraction of its former value. The pains in the extremi-
ties began to improve withm a few weeks. The patient
was ambulatory on crutches within three months, and
definite roentgenologic evidence of recalcification of the
skeleton had appeared by this time. Rather iromeally,
since the case proved conclusively the etiologic relation-
ship of the adenoma to generalized osteitis fibrosa, the
improvement did not continue. The bones failed fo re-
gain their normal density and the hypercaleemia persisted.
Seven years after the first operation, a second cervical ex-
ploration was carried out because of an increase in the
skeletal lesions and because of renal stones. As is so often
the case in secondary operations, no abnormal tissue could
be found **

The report of Mandl's case appeared™ mn 1926. The
dramatic improvement after the parathyroidectomy served
to renew interest in generalized osteitis fibrosa so that a
greatly wncreased number of cases were soon reported.
The first case in which successful treatment was accom-
phshed in the United States was reported in 1929 by Barr,
Bulger and Dixon, who first proposed the use of the term
“hyperparathyrordism” to designate the condition They
pomted out that “in the hterature ou osteomalacia, on
multiple eystic tumors of bope and on parathyroid tumars,
there 15 a clinical picture, found occasionally under all of
these titles, which seems to deserve description as a sepa-
rate chnical entity~as definite and distinct as parathyroid
tetany or exophthalmic goiter” Between 1926 and 1934
more than 106 parathyroidectomies were carned out for
generahzed osteitis Bbrosa’® These many cases added
hitle to the fundamental knowledge of hyperparathyroid-
1sm but tended to fix, instead, the association of general-
ized osters fibrosa and hyperparathyroidism to the point
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of the osseous disease This conception was first chal-
lenged in 1915 by Schlagenhaufer, who pomnted out that
in many cases of osseous disease with associated changes
in the parathyroids one gland only was enlarged. He
reasoned that this would be difficult to explain if the en-
largements were compensatory. He concluded that the
enlarged parathyroid might well be the cause of the
osseous disease and that parathyroidectomy might be
beneficial in certain cases of malacic disease of bone. Ac-
cording to Shelling the proposal was rejected by Bauer,
a surgeon, on the grounds that it was too radical and too
dangerous.™?

In 1925, about 10 years after Schlagenhaufer’s pro-
posal, Mandl"™ carried out the first parathyroidectomy dur-
g life. The events leadmg to the exploration of the para-
thyroids and the outcome of the case are of considerable
historic nterest and importance. The patient was a pen-
sioned streetcar conductor aged 88 years. Generalized
ostertis fibrosa had developed four years before the opera-
tion, and the correct diagnosis had been established roent-
genographically two years later. In keeping with the then
current views that the skeletal disease was primary, treat-
ment with cod-liver oil was tried, but without bencfit. An
extract of the parathyroid glands of animals was next tried,
agam without affecting the discase Mandl then trans-
planted the parathyroid glands, removed from a person
who was monbund as the result of an accident, to the
abdominal wall of the patient He became convineed that
this made the patient worse rather than better as had been
anticipated, and on this basis, the decision was made to
explore the parathyroids The tumor, an adenoma of the
wasserhelle cell type which measured 25by 15by 12em,
was found and remoy ed without difficulty.

Improvement after the operation was immediate and
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was not found until the seventh operation and that death
due to renal complications occurred a few weeks later.
This historic and tragic case is associated with an impres-
sive lot of “firsts”: the first case in which the diagnosis
was established by biochemical determinations, the first
case of generalized ostentis fibrosa in which mineral bal-
ance studies were carried out, the first case in the United
States and the second in the world in which the para-
thyroid glands were explored, and the first case in which
the removal of uninvolved parathyroid glands was found
not to influence the hyperparathyroidism. The case was
not reported in full until 1930, By this time, Gold (1928),
Barr, Bulger and Dixon (1929) and Wilder (1929) had
each reported data on cases in which biochemical studies
had been carried out and m each of which a parathyroid
adenoma had been found and removed

Studies of calcium balance mn clinical cases of hyper-
parathyroidism and experimental studies of the action of
parathyroid hormone both emphasized the ncreased ex-
cretion of calcium jn the urine The hypercalciuna of
hyperparathyroidism logically suggested the possibility of
calcium deposition 1n the kidneys and lower part of the
urinary tract, The association of osseous disease with the
renal 1nsuffictency of urinary hthiasis had been oceasion-
ally reported previously Dawies-Colley (1884) reported
the case of a child aged nine years who had extensive
osseous disease and multiple calcul of kidneys and ureters.
Hubbard and Wentworth (1921) found at necropsy gen-
eralized ostertis fibrosa, nephritis and hyperplasia of the
parathyroids In the case reported by Gaugele (1907) the
osseous disease was d by mfected hydroneph
sis caused by stones. Jacob) and Schroth (1912) demon-
strated an abnormally high excrefion of calcium m the
urine 1n a case of generalized osteitis fibrosa,
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that the terms became virtually synonymous. The diag-
nosis of hyperparathyroidism was not made in the absence
of generalized osteitis fibrosa, and roentgenologic changes
along with biopsies of bone were the only methods by
which the diagnosis could be established with certainty.

Developments in the field far more important than the
mere accumulation of cases were meanwhile occurring.
Parathyroid extract was prepared ndependently by Han-
son (1925) and by Collip™ (1925). Within the next year,
particularly in the Iaboratories of Collip**" and of Green-
wald and Gross, the principal actions of the hormone had
been elucidated These experimental findings were first
applied clmically 1 a case of generalized ostentis fibrosa
by Hannon, Shorr, McClellan and DuBois in 1926 Hyper-
calcemia and hypophosphatemia were demonstrated. Cal-
cium balance studies were carrted out, and an intake of
700 mg of calcium a day was found necessary to equal the
calcium lost by the patient Treatment by means of para-
thyroid extract was tried, and this made the patient more
uncomfortable It was concluded that the patient’s disease
agreed in all essentials with the condition produced ex-
pernimentally in animals by excessive administration of
parathyroid extract The metabolic changes of the patient
were roughly equwvalent to those produced i a normal
person by the administration of 100 umits of parathyroid
extract daily ** Incidentally, the skeletal disease was not
recogmzed roentgenologically, indicating how little was
known of genernlized osteitis fibrosa at that time m the
United States It will be recalled that the correct roent-
genographic diagnosis had been made m Mandl's case in
1923 in Vienna. Cervical exploration was carried out mn
May, 1926, but no tumor was found *

The now famous case of Captain Charles Martell will
not be agam reviewed except to mention that the tumor
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since,” was made that hyperparathyroidism would turn

out to be a fairly common cause of urmary stones and that
. o T - B

4. )

would be expected to follow the accumulation of increas-
ing numbers of cases. The pathology of hyperparathyroid-
ism was placed on a workable basis by Castleman and
Mallory® in 1935. The earlier, imited conceptions of surgi-
cal treatment expressed by Mandl (1926, 1933") and by
Walton (1931) were extended virtually to those of the pres-
ent by Churchill and Cope (1934), and by Cope™ (1941).
The first hyperfunctioning carcinoma of parathyroid origin
with metastasis was reported m 1939.* The association of
peptic ulcer and hyperparathyroidism was first emphasized
by Rogers (1946) and by Rogers, Keating, Morlock and
Barker (1947) Of greater importance, since 1934, has been
the gradual acceptance of the thesis of the Boston group
that hyperparathyroidism must be excluded in all cases
of urinary Lithiasis.

The importance of this approach to the disease is well
illustrated by the experience at the Mayo Clinic. The diag-
nosis n the first case m the clime series was proved at
operation 1n December, 1928, probably the second proved
case 1 America. In spite of this early and since continued
interest m hyperparathyroidism, an average of one case
only was proved each year during the succeedmg 12 years.
The almost unbelievable success of the Boston group in
case-finding occasioned a comprehensive review of the
world’s literature and of the practices at the Mayo Climc
with respect to hyperparathyroidism by Wilder and
Howell 1 1936. Two years later, Gnffin, Osterberg and
Braasch completed a review of more than 1,200 cases of
renal ithiasis and found that i two cases only was there
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MacCallum (1903) first reported the association of a
parathyroid tumor and extensive renal disease but no
osseous disease. The patient had died of uremia. The para-
thyroid tumor measured 2 cm. in drameter, and there were
no strands of fatty tissue within the parenchyma. The vir-
tual absence of stromal fat is the most striking micro-
scopic feature of a parathyroid adenoma. Mitotic figures
“of great beauty” were scen Mitoses have since been ob-
served repeatedly in parathyroid adenomas. This finding,
along with other cytologic changes, has given rise to a
still unsettled controversy as to whether the usual para-
thyroid tumor is malignant or benign By 1934 Gutman,
Swenson and Parsons were able to find reports of 112
cases of proved hyperparathyroidism i the literature
Renal colies had occurred in 10 per cent of the reported
cases.

It was not, however, until the paper of Albright, Aub
and Bauer (1934) that the importance of the renal comph-
cations was fully appreciated. By presenting data on 17
proved cases from one institution, m 11 of which the diag-
nosis had been made at the Massachusetts General Hos-
putal, they demonstrated conclusively that hyperparathy-
roidism was not particularly uncommon. Uninary caleul
were present in 10 of the 17 cases, i seven of which
symptoms were limited to those caused by the caleult. In
five cases there was no evidence of osseous disease, Hyper-
parathyroidism was diagnosed in eight of the 17 cases
only because determmations of serum calcium and phos-
phorus had been carried out in cases of uninary hthiasis.
In addition to stressing the importance of the urinary
complications, and establishing the fact that hyperpara-
thyroidism could occur and be recogmzed m the absence
of generalized ostertis fibrosa, diagnostic criteria were fully
described. The prediction, which has been amply venfied
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PATHOLOGIC PHYSIOLOGY

YPERPARATHYROIDISM is charactenzed by an mcrease
H in the level of caleum and a decrease 1n that of
phosphorus® in the serum, and by an increased excretion
of both in the urine The same changes follow the injec-
tion of parathyroid extract, and changes in the reverse
direction occur when the injections are discontinued, or
after removal of a hyperfunctioning parathyroid adenoma.
The four changes, while obviously interrelated, do not
occur at the same tume. After an injection of parathyroid
extract there is first an immediate merease n the excretion
of phosphorus in the urine. Presumably as a consequence
the level of phosphorus in the serum falls, and, as the phos-
phorus falls, the calcium in the serum rises The increased
excretion of caleium 1n the unne develops as the cal
in the serum rises, so that several hours may elapse be-
tween the devell phaturia and of hy-
percaleiuria,® 725

This sequence of changes, together with the fact that
the hormone affects the excretion of phosphorus in the
unne more profoundly than the level of calerum mn the
serum, led Albright to postulate that the primary action
of parathyroid hormone was on the excretion of phos-
phorus. The other three changes occur as a
and depend on the fact that the caleium and phosphoms
10ns 1n body fluds are m equilibrium with the caleium-
carbonate calcim-phosphate salts of bone The solubility
product of the 1ome caleium and phosphorus i tissue

of hyperpt

* In keeping with Albnght's usnge, d'xe term “phosphorus” has been
used rather than “morganic p

15



14 HYPERPARATHYROIDISM

an associated hyperparathyroidism. The implied conclu-
sion in both papers was that the condition was exceed-
ingly rare among patients seen at the Mayo Clinic. Five
years later, having meanwhile become convinced that the
experiences of Albright and his colleagues could be du-
plicated, intermsts and urologists at the clinic made a
concerted joint effort to establish the diagnosis in more
cases. The effect was immediately rewarded by the find-
ing of four cases within less than six months. In the suc-
ceeding seven years, the diagnosis was made m more than
90 cases. At present between 15 and 20 cases are being
recognized each year at the clime. The increased success
in the recognition of hyperparathyroidism here can be
attributed almost entirely to 2 more careful sereening of
patients with urinary lithiasis for hypercalcemia, This ap-
proach to the problem of finding cases of hyperparathy-
roidism has yielded two series of cases (Massachusetts
General Hospital series, Mayo Clinic series) which to-
gether probably equal numerically all other reported cases
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there is a constant resorption and reformation of bone
initiated by the constant normal Yoss of calclum and phos.
phorus i the urine, The resulting tendency toward undes-
saturation of hody fluids is countered by resorption of
bone, and new bope is formed hecause of the resulting
weahening of the bone, Both the production of osteoid,
the organic matrix of bone, and precipitation of inorganic
salts are funetions of the osteoblasts, The latter process is
enzymatic and occurs beeause of a lacal inerease of phos-
phate ions resulting from the action of alkaline phospha-
tase formed Iy the osteoblasts. The enzyme acts by split-
ting inorganic phosphate from organic phosphorus
compounds.* A second , phosphorylase, is probably
involved to supply the substrate high m erganic phos-
pltorus compounds on which the athaline phesphatase
acts.* The small amount of alkaline phosphatase normally
present in scrum is a reflection of this normal vsteoblastic
activity. Suree osteoid cakeifies m hyperparathyreidism,
it must be assumed that what Albrght calls the Joeal cal-
cifying factor (the alkaline phosph phosphorylase
1 ) is sufficient to comy te for the undersatura-
ton of caleium and phosphorus fous in the boedy fluids.
In addition to causing a phosphate dhuresis, the para-
thyroid hormone has a dwect decaleifying action on
bone,1 - e 1y nephirectomized ammals, 2 rise in serum
caleium has been demonstrated after injection of paras
thyreid hormane.* Ingalls and his colleagues have shown
that the action 15 independent of the acidosis which de-
velaps after nephrectomy and of that due to the acidity
of tho parathyroud extract. Wilton (1946) has proposed
that the hormone acts by preventing maturation of the
teobl; The ¢ osteoblasts are p by un-
able to produce the enzymes necessary for the precpitas
tion of hone salts,
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fluids is probably a constant so that, at a constant pH, as
the phosphorus falls the calcium rises.

The course of events is described by Albright and

Reifenstem as follows:

The parathyroid hormone in some way affects the phos-
phate dissolved in body fluids in such a way as to make
it more readily excreted by the kidney with a resulting
decrease in the serum phosphorus level, this tends to
make the body fluids less saturated in regard to what-
ever equlhbrium constant governs the serum caleium and
phosphorus values, resorption of the calcium-phosphate
salt from the bone resorbing surfaces is thereby in-
creased, there results an elevated serum calcium level
together with depressed serum phosphorus level, Once
the new state of equilibrium has been reached there
would be no further changes if it were not for the fact
that the higher serum calcium level leads to an mereased
caleium excretion in the urine; this loss of caleium in
the urme 1s a factor tending to cause undersaturation of
the body fluids again so that unless there 1s a supply of
calaum from the gastromtestinal tract the bones will
have to supply the deficit, there will result, therefore, a
decrease 1 the total amount of bone tissue and the bones
will become weak As the bones become weak they will
be more subject to stresses and strams, this will stmu-
late the osteoblasts to lay down more osteord tissue.

The osteord tissue i hyperparathyroidism caloifies

normally and this acts as a further drain on the calcium and
phosphorus m body flurds and hence favors further re-
sorption of bone, and further weakening of the sheleton.
The ncreased metaplasia of bone 1 generahzed osteitis
fibrosa is very evident histologically

1t should perhaps be added that the osseous changes of

hyperparathyroidism result from an augmentation of the
same process which occurs normally. That is, normally
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investigation of the problem, concluded that there was no
such factor in the anterior lobe of the pituitary. He found,
howexer, that the level of phosphorus declined after hypo-
physectomy provided that the adrenals were intact, sug-
gesting an mdirect action of the pituitary on the para-
thyroids.
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Clinical experience with hyperparathyroidism suggests
strongly that the phosphate dwrests is more important than
the direct decalcification of bone, since even fairly severe
hyperparathyroidism may exist without demonstrable evi-
dence of skeletal disease. Furthermore, it is now generally
accepted that if the intake of calcium is sufficiently high
to maintain a positive calcium balance in hyperparathy-
roidism, skeletal disease will not develop. If the hormone
acted predominantly to increase the dissolution of osseous
tissue directly, the most common clical form of the dis-
ease, that is, hyperparathyroidism without osseous disease,
would be difficult to explain, particularly since the value
for alkaline phosphatase is normal in such cases.

The formation of parathyroid hormone is presumably
gaverned by the level of wonic caleium in the serum. In
conditions in which the level of calcium tends to be low,
such as osteomalacra, the parathyroid glands become hy-
pertrophied and hyperplastic.” Conversely, in conditions
1 which the 1omc caleium 1s increased, for example, hy-
perparathyroidism due to an adenoma, the uninvolved
glands are atrophic The reciprocal relationship between
the levels of jonic calem and phosphorus in the serum,
as well as the primary action of the hormone on the excre-
tion of phosphorus, suggests the possibality that an increase
in the level of phosphorus m the serum might act as a
stimulus for the production of hormone, Crawford and
associates (1950} have recently published experimental
data supporting this conception It secms probable, there-
fore, that both a decrease n the level of calewm and an
increase in that of phosphorus act as a stimulus to the
parathyroid glands

The possibility of a parathyrotropic piturtary factor has
been mvestigated extensnely The evidence 15, on the
whole, conflicting. Engfeldt (1950), after an extensive re-
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investigation of the problem, concluded that there was no
such factor in the anterior lobe of the pituitary. He found,
however, that the level of phosphorus declined after hypo-
physectomy provided that the adrenals were intact, sug-
gesting an indirect action of the pituitary on the para-
thyroids
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rivary hyperparathyroidism may be caused by a
Psmglc adenoma, by multiple adenomas, by primary
(wasserhelle) hyperplasia or by carcinoma. The incidence
of the different lesions in the Mayo Clinic series 1s shown
in Table I If the series is representative, a single adenoma
may be expected in approximately 80 per cent of cases;

TasLE I Gross PattioLocy 112 Cases
OF PROVED HYPERPARATIYROIDISN

Single adenoma . . . e creie aaeaeaas 92
Multsple adenomas . . . . 10
Primary (wasserhelle) hyperplasia . g

. P |

Carcinoma with metastasis

multiple adenomas, involving more than one parathyroid
gland, in 10 per cent, and primary hyperplasia in the re-
maining 10 per cent. Hyperfunctioning carcinoma is fortu-
nately rare, accounting for probably not more than 1 or
2 per cent of cases

SINGLE ADENOMA

Parathyrotd adenemas vary in weight from 30 to 40 mg.,
the werght of a normal parathyroid gland, to 100 gm. or
even more A remnant of normal parathyroid tissue may oc-
casionally be found just outside of the capsule of smaller
adenomas, or a small appendage of normal parathyroid
tissue may be attached to the capsule of the adenoma
(Fig 2). The form of the adenoma 15 largely dependent
on neighborng structures Small tumors tend to be caught
in sulcr of the thyroid or between anatomic structures, and

an
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Fic 2 Chief-cell ndenomu with remnant of pamthvmxd gland
The fat-contairung stroma is vmually absent withm the adenoma.
In b the rectangle at the bottom of a is shown at a higher magmfica-
tion (g, x8, b, x50)

consequently are flattened, elongated or otherwise dis-
torted When the parent gland 1s situated in loose areolar
tissue, the adenoma 1s ovoid or globular, Larger adenomas
tend to be displaced 1nto regions pied by areolar tis-
sue They retain their ovoid shape and show only surface
molding There 1s a definite vascular pedicle which is more
apparent m the case of larger, displaced tumors than in
that of small adenomas adherent to the capsule of the thy-
roid The capsule of the adenoma 1s thin and delicate but
very defimite There 15 no attachment to surrounding struc-
tures except at the pedicle, unless mﬂummatog adhesions
Tevel
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within the adenoma. Such degenerative changes as cysts
and calcification are common, particularly in larger tumors.

The most characteristic gross feature of a parathyroid
adenoma is 1ts yellowish brown or chocolate brown color.
The color is definitely browner than that of the thyroid
and is far darker than the color of lymph nodes or of the
thymus. The distinctive color is readily obscured by hemor-
rhage into the adenoma or mto the surrounding tissues.
The characteristic color may be lost if extensive degenera-
tive changes, particularly calcification, have occurred
within the adenoma. Because of the loss of the brown color,
calcified adenomas may be indistinguishable grossly from
calcified adenomas of the thyroid, from lymph nodes or
from other tissues.

On microscopic examination, adenomatous tissue is
casily distinguished from normal parathyroid tissue by the
virtual absence of fat in the former (Fig. 2). Roughly half
of the bulk of a normal parathyroid of an adult is fat-con-
taining stroma, The parenchyma is everywhere divided
mto masses and cords of cells by the fat-containing stroma,
giving the section an over-all lacelike appearance. The
parenchyma of an adenoma, in marked contrast, is made up
of a solid mass as of cells The stroma is not prominent,
contains practically no fat and seems just sufficient to sur-
round relatnely large vessels. The absence of fat accounts
for the fact that adenomatous tissue has a deeper brown
color than that of a normal parathyroid, the color of the
parenchyma of which 1s diluted by that of the yellow adi-
pose tissue

The parenchymal cells of a parathyroid adenoma differ
little from those of a normal parathyroid of an adult. There
is, however, more pleomorphism, giant nuclei are com-
moner, as are hyperchromatism and mitoses. The adenom-
atous tissue, while varving somewhat from area to area,
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Fio 8. Parathyroid adenoma, wasserhelle-cell type. The cells are
smaller and less umlorm than the cells of wasserhelle-cell hyper.
plasta, Many chief cells are present (x150)

tends to be of one cell type so that hustolegie classification
of adenomas 15 posstble The type most cornmonly found is
the chief-cell adenoma which. along with transitional chief-

cell adenomas, accounts for mare than 90 per cent of cases
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all adenomas contan chuef cells and proposed this as
further evidence that all types of cells of the parathyroid
parenchyma are derived from the chuef cell

There is no correlation between the istologic character
of the adenowa and the intensity of the hyperparathy-
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within the adenoma. Such degenerative changes as cysts
and calcification are common, particularly in larger tumors.

The most charactenstic gross feature of a parathyroid
adenoma is its yellowish brown or chocolate brown color.
The color is definitely browner than that of the thyroid
and is far darker than the color of lymph nodes or of the
thymus. The dustinctive color is readily obscured by hemor-
thage into the adenoma or into the surrounding tissues.
The characteristic color may be lost if extensive degenera-
tive changes, particularly calcification, have occurred
within the adenoma. Because of the loss of the brown color,
calcified adenomas may be indistinguishable grossly from
calcified adenomas of the thyroid, from Iymph nodes or
from other tissues.

On mi pi ination, ad us - tissue 15
easily distinguished from normal parathyroid tissue by the
virtual absence of fat in the former (Fig. 2). Roughly half
of the bulk of a normal parathyroid of an adult is fat-con-
taiming stroma. The parenchyma is everywhere divided
mto masses and cords of cells by the fat-containing stroma,
giving the section an over-all lacelike appearance The
parenchyma of an adenoma, in marked contrast, 1s made up
of a solid mass as of cells The stroma is not prominent,
contains practically no fat and seems just sufficient to sur-
round relatively large vessels. The absence of fat accounts
for the fact that adenomatous tissue has a deeper brown
color than that of a normal parathyroid, the color of the
parenchyma of which is diluted by that of the yellow adi-
pose tissue

The parenchymal cells of a parathyroid adenoma differ
little from those of a normal parathyroid of an adult. There
is, however, more pleomorplism, grant nuclei are com-
moner, as are hyperchromatism and mitoses The adenom-
atous tissue, while varying somewhat from arca to area,
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the transitional wasserhelle type Stromal fat 1s virtually absent
(x150)

microscopic examination. Stromal fat, virtually absent in
adenomatous tissue, may be greatly reduced in secondary
hyperplasia. There are no essential differences in the pa-
renchymal cells m the two lesions although the predom-
mnant cell in secondary hyperplasia tends to be the transi-
tional wasserhelle cell” (Fig. 5). Furthermore, secondary
hyperplasia 15 to be expected in cases of renal msuffi-
aency,” and renal insufficiency is commonly observed in
hy perparalhyrmdlsm The confusion between the two le-
sions is understandable, as 15 the skephc:sm concerning
the eustence of multiple adenomas in cases of hyperpara-
thyroidism Norns (1947), for example, found reports of
20 cases of multiple adenomas among 322 cases of hyper-
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of the other tvpes of cells in the adenomas Wasserhelle-cell
adenomas present a special problem to the tissue patholo-
- PR e oo -

and size than the cells of the hyperplastic parathyronds, but
the differences are relative at best (Fig 3).

MULTIPLE ADENOMAS

Multiple adenomas and secondary hyperplasia of the
parathyroid glands may be virtually mdistinguishable on
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microscopic examination. Stromal fat, virtually absent in
adenomatous tissue, may be greatly reduced m secondary
hyperplasia. There are no essential differences mn the pa-
renchymal cells in the two lesions although the predom-
inant cell in secondary hyperplasia tends to be the transi-
tional wasserhelle cell® (Fig 5). Furthermore, secondary
hyperplasia 15 to be expected in cases of renal insuffi-
ciency,” and renal insufficiency is commonly observed in
h) perpamtl\yro:dxsm The confuslon between the two ]e-
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20 cases of mulhple ‘adenomas among 322 cases of hyper-
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functioning adenomas All but two of the cases were from
the older hterature and had been reported before the pres-
ent development of the knowledge of parathyroid pathal-
agy. Norris concluded that there was httle evidence for the
existence of multiple adenomas

In the Mayo Clinic series of 112 cases, there have been
10 cases of multiple adenomas In none of the 10 could
the multiple tumors be accounted for reasonably on the
basis of secondary hyperplasia due to renal insufficiency.
In two cases, in both of which treatment was done before
the occurrence of multiple adenomas had been widely
recognized, the values for calcinm and phosphoras in the
serum were unaffected by the removal of one adenoma
Thrs would seem conclusive evidence for the existence of
at least one other adenoma. In another case a single
adenoma had been removed clsewhere without influencing
the hypercalcemia The second adenoma was removed at
the clime with subsequent curc In four cases, two ade-
nomas were removed, cure resulting mn each case. In two
cases three adenomas were removed, and in the last case
three adenomas were removed and the fourth was re-
sected subtotally In cach of the three cases the patient
was cured. Such cases demonstrate that multiple ade-
nomas oceur and that the removal of one of the adenomas
does not cure the patient,

There are no fundamental differences, mucroscopic or
#ross, between single and multsple adenomas The usual
pamth)ﬂnd tumor 15 a true sohtury adenoma, Less com-
monly, the single tumor 13 apparently made up of multiple
nodules, comparable to mulbple nodular gotter When
tumors wmvolve more than one gland they are quite likely
to he of the multiple adenomatous type rather than of
the single adenomatous type Inthe mx'thlph' adenomatous
tamors there is often an abrupt transition 1 type of cell
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from nodule to nodule so that nodules of wasserhelle cells
may be contignous to a nodule composed of chief cells.
Multiple adenomatosis of a single parathyroid should sug-
gest the possibility of similar mvolvement of other para-
thyzoids. The finding of a true sigle adenoma in one para-
thyroid, unfortunately, however, does not preclude another
adenoma in another gland.

PRIMARY HYPERPLASIA

Primary or wasserhelle hyperplasia was first described
by Albright, Bloomberg, Castleman and Churchull in 1934,
Rogers and Keating (1947) found reports of 22 cases m
the literature and added four more from the Mayo Clinic.
Primary hyperplasia is to be expected in somewhat less
than 10 per cent of cases of hyperpamlhytmdlsm (eight
of 89 cases m the Massachusetts General Hospital senes,
nme of 112 cases m the Mayo Clinte series). The hyper-
Pa\'a(hyrmd\sm resulting from primary hyperplasia is in-
d)s(ingmslmb]e from that caused by an adenoma.

All parathyro:d issue 13 involved The different glands,
however, may 1ot be enlarged to the same extent. Rarely,
one or more than one gland may be little 1f any enlarged,
the hyperplastic cells merely replace the stromal fat with-
out causmg & gross merease i the size of the gland. The
total weight of resected tissue n the clime series has
vaned from 14 gm. © 525 gm Grossly, the chocolate
brown color is even more striking than that of adenomas.
The pamtll)“'md glands may be so enlarged that the
glands on o1¢ side become fused. Masses of hyperplastic
fissue may be Jobulated, and cysts, areas of calcification
and pseudopods are common,

M "croscopreally, the only cell seen is the water-clear or
wasserhelle cell (F1g. 6). The cells are sharply demarcated
and average about 20 microns 1 diameter The nucleus 1s
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approximately the size of the nucleus of a chief cell and
stands out clearly from the remainder of the cell, which
appears empty. The nucleus 15 often in the end of the tall
cell toward the stroma, giving the appearance of a “branch
of berries” {Castleman and Mallory). The appearance of
the cells has been compared to that of the cells of clear-
cell carcinomas of the kidney. There is some vanation in
the size of the cells, but on the whole, the microscopic
appearance is essentially the same throughout the tissue.
The stroma, composed of thin fibrous tissue, 15 increased
in amount and surrounds varying-sized groups of cells
Together with the charactenistic basilar orientation of the
nuclei, this produces a pseudoglandular or acinar effect.
The typical appearance is best shown in paraffin sections.
However, if fresh tissue is fixed for two or three minutes
m boiling formalin before frozen sections are made, the
architecture of the cells is well preserved and the wasser-
helle cells are easily recognized

As previously mentioned, adenomas may be almost. en-
tirely made up of wasserhelle cells. It is imperative to dis-
tinguish at the time of operation between such an adenoma
and wasserhelle hyperplasia. In the majonty of cases of
pumary hyperplasia this offers hittle difficulty because of
the obvious enlargement of all glands In cases in which
one gland only is apparently involved. biopsy of specimens
taken from other glands will aid materially in differentiat-
mg conditions with certainty.

CARCINOMA

Hyperfunctioning carcinomas of parathyroid origin
which infiltrate, recur and metastasize are fortunately
rare Such lesions account for perhaps 1 per cent of cases
of hyperparathyroidism (one case 1n 89, Massachusetts
General Hospital series, one case in 112, Mayo Clinic
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Fic 6 Primary ar wasserhelle-cell hyperplasia The uniform cellu-
Lar patteen and pseudoglandular arrangement of the cells are typreal

The cells are larger, more untform and more regularly distnbuted
than the cells of & wasserhelle-cell adenoma (4, x120, b, +330)
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approximately the size of the nucleus of a chief cell and
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appears empty. The nucleus is often in the end of the tall
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of berries” (Castleman and Mallory). The appearance of
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As previously mentioned, adenomas may be almost, en-
tirely made up of wasserhelle cells. 1t is imperative to dis-
tinguish at the time of operation betw een such an adenoma
and wasserbelle hyperplasia. In the majortty of cases of
primary hyperplasia this offers little difficulty because of
the obvious enlargement of all glands. In cases in which
one gland only is app Iy involved, biopsy of sp
taken from other glands will nid materially in differentiat.
ing condrtrons with certamnty.

CARCINOMA

Hyperfunctioning carcinomas of parathyroid ongm
which infiltrate, recur and metastasize are fortunately
rare Such lesions account for perhaps 1 per cent of cases
of hyperparathyroidism (one case 1n 89, Massachusetts
General Hosptal series, one case 1 112, Mayo Clinic
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series). The case of Meyer, Rosi and Ragins, first reported
in 1939, dispelled all skepticism concerning the existence
of such lesions. At Jeast 12 other cases have been reported
since in which a hyperfunctioning malignant tumor in-
filtrated Jocally or metastasized.® Extensive local recur-
rence has been reported more often than distant metasta-
sis. In cases in which metastatic growths have occurred,
cervical and mediastinal nodes have been involved most
frequently, pulmonary metastatic growths are known te
have developed m three cases, and in one case a kidney
was involved metastatically. By the time metastatic
growths have developed or the lesion has infiltrated sur-

Fic 7 Carcmoma of parathvroid ongm showing neural involve-
ment, The cylologic archutecture s not sterkingly different from
that af many adenomas which have neither metastasized sor re-
curred {x120)
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g str it has probably become i ble.
The case of Gentile, Skinner and Ashburn (1941) possibly
is an exception, but the serum calemm was elevated, the
serum phospl was dep d and the skeleton had not
recaleified completely five years after the first operation.
Patients may survive for prolonged periods but die even-
tually, usually of renal insufficiency or hypertension due to
recurrent or persistent hyperparathyroidism In the smgle
case m the Mayo Chime senes, death occurred eight years
after the onset of the osseous disease and six years after the
first operation. The lesion responds httle, if at all, to ex-
ternal wradiation

On microscopic examnation, the cytologic architecture
1s not markedly different from that of the usnal adenoma
(Figs. 7 and 8) Indeed, this sunilanty has given nse to a
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Chapter V

CLINICAL ASPECTS

uE synprons of hyperparathyroidism are of three
Ttypes: those caused by the hypercalcemia, those per-
taining to the unnary tract and those of the osseous com-
plications.™ Four variations of the disease, consequently,
may be seen chmcally. (1) hyperparathyroidism with com-
phcations involving the urinary tract, (2} hyperparathy-
roidism with osseous compheations, (3) hyperparathyroid-
1sm with both osseous and renal complications, and (4)
hyperparathyroiism with neither osseous nor renal com-
plications, The first type 1s by far the commonest, while
the “classic type” of the older literature—that 15, general-
1zed osteatis fibrosa—is less common (Table 1i). By the
time generalized ostestis fibrosa has developed, wnnary
complications are frequently found, although changes in
the unnary tract may be absent even with advanced os-
seaus disease.

Tasee I Cunvrcar MantrestaTions v 112 Proves
Cases oF HYPERPARATHYROIDISM®

Generalized ostestis Hbrosa 16t
Generahzed ostertss fibsasa and renal smvalvement 18
Remal mvolvement (urmary htloasis, ealemosis or both) 3
Nerther renal nor osseous invofvement

Polyendocnue adenomas

Osteapoross

Convulsive disorder

Tumor found at thyrodectomy

[y

’Ynm . 112

M Og:eou; disease evident antgemgmp)ucz)]y as generalized osteihs
fbrosa 1 3G per cent of cases, renal mvoh ement 1n 80 per cent of cases
+ Includes one case of polyendoctme adenoma

33
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controversy which is as yet unsettled. Alexander and his
colleagues (1944), on purely cytologic evidence, considered
the tumors in 12 of the first 14 cases of hyperparathyroid-
ism in the Mayo Clinic series to be carcinomas of low
grade, Sufficient time has elapsed, and an adequate num-
ber of cases have been observed, to demonstrate that the
usual adenoma neither recurs nor metastasizes. However,
the histopathologic characteristics of certain adenomas
have proved very similar to those of carcinomas which
have metastasized The question is of less practical im-
portance at present than formerly, since the practice of
resecting adenomas subto