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Ti-iImri-r,i'wo years ago, wheiiMandl first
remove(l a paratlyroid adeniomiia fri-om a

patienit Nwitlh genier alized osteitis fibrosa,
bone diseawse was considered to be the chief
manifestation of hyperparathyroidism. Para-
thyroid over-function was SOOi1 founid to be

associate(l vith hvpercalcemiiia, hypoplhos-
phatemia, anid hypercalcuria. WVith the
passing of time, bone lesioins became less
common anid nephrolithiasis accounited for
the majority of the (liagnosed cases. In ad(li-
tionI, soime patients 'were found to have l1v-
perparathyroidisin 'without nephrolithiasis
or bone (lisease, anid most recently, witl

only minimal chemical abnormalities.
Althotuglh elevaited serum calciumil is still

the most imnlportanit sinigle laboratory find-
ing in this disease, the degree of elevation
may be only slight. This considerationi, to-
gether with the (demonstration of normal
serum phosplhate levels in surgically proved
cases, has stiniulated us to evaluate other
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(liagimstic pl)roce(ltires wvhich imiighit be of
lhelp.

Early diagniosis aiid suirgical treatment
are essenitial if we are to preveilt the ir-
reversible hypertension and turemiiia tlhait
have, in previotusly reporte(l cases, restultedl
in the patient's dleatlh lespite removal of
the cautsative tulmor.

Wve, tlherefore, sttudied the measuremnenit
of tubl)lar realbsorption of phosphate, the
effect of a standardized (lietary phosplhate
deprivation, aand the calcium tolerance test.
Chemical investigations have been carrie(l
out in patients witlh neplhrolitliiasis, neplho-
calcinosis, bone lesionis, the clinical syni-
drome of acute hypercalcemi.ia, peptic uilcer,
and occasionially in patienits with no syinp-
toms.
During the last -23 years we have haI(d :33

cases of sturgically proved lhyperparatlhv-
roi(lismll, of wlhiclh 2:3 were seen during tlhe
last two years (Fig. 1). This increased rec-
ogniition of the disease followed the estab-
lislhment of a laboratory for the accutrate
chemical screening of patients with nephro-
lithiasis, bone (lisease, or other cliinical syn-
droines suggestive of hyperparatlhyroidism.
Of the patients stuidie(l utiring the first 21
years of this 23-year perio(l, all but one had
skeletal disease. Of the 2:3 patients seen
(lurinig the past two years, oinly two (9 per
ceint) hlad bone disease as demonstrated by
roenitgenogramii, hyper-phospliatasemi-ia, an(d
l)one l)iopsy. Eighteeni of the 23 patients
had inephrolitliiasis; one had nephrocalciino-
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PROVED HYPERPARATHYROIDISM
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sis, anid two L)atients hiad ilo) symiptomis

whiatsoever! This (listribution of clinical

syndromeis shiows even fewer cases of skele-

tal disease than Hellstriim's 26 per cenit;

it mnay in par-t reflect the cooper-ative atti-

ttide of uirologists in ouir vicinity wvho have

referred their patienits with r-enal catlcuili to

uis for inivestigattioni. Seveni per cenit of all

Lpatients with nephrolithiasis associate(l with

hiyper-calcuriia who were sttldiedl in ouir lab-

or-ator-y have been fotitud to have hyvper-

parathiyroidisml.

MINIMTAL HIYPER;CALCEi\IIA

The serutm calciumn' content was deter-

miniied by the methodI of Krainer anid Tis-

dall,2 as mi-odifiedl b\y Clark.:` This miethiod

recovers 100 ±-t 2. per- cent of standard cal-

cium solutions. Although this technic yields

values abouit mig. hiigher thian those re-

ported from the -Massachusetts General

Hospital or the Niavo Clinici, ouir r-ange of

niormial is practically, the samc wvidth.

The niormial calciuim level, as dietermined
l)y stuidies oni :30:3 niormial subjects, r-anges

from- 9 to 11.4 mg./mU.' (Fig. _'2). Because

sever-al patienits hiad only slighitly elevated

serumii calciumii levels duriing this last two-

year per-iod, a need was felt for somie type

of corroborative (leterminiiationi. The wide

spread andI the hiighiest valuies for seiutim cal-

ciumii in a few patients may l)e explained

oni the l)asis of perio(ls of immnobilization.

NoJANtOPHIOSPHATrEML1A IN

HYPELIPA1ATHYXIOIDIS5M

Hyperparathyroidism was recognized in

our early cases only when hypophospha-

408

Ii
20

'9

18a
1 7

16

1 5

14

t3

1 2

1 1

10

9
8

4.7

4.3

3.9

3.5

3.1

2.7

2.3

1.9
1.5

- SERUMAo PHOSPHATEC

RANGE -*

i--I-- I 1~~~~~~~~~~.-.t fC' 91A16I

I

I



HYPERPARATHYROIDISM

temia was present. This early experience
agreed with Fuller Albrights 1 observations
that hyperparathyroidism was necessarily
associated with a low serum phosphate
level unless renal insufficiency supervened.
Our recent experience has caused us to
deviate from this concept, inasmuch as 60
per cent of our patients with proved hyper-
parathyroidism seen during the past two
years had serum phosphate levels within
the range of normal (Fig. 3).

This altered concept evolved during the
early part of 1956, when we studied a 65-
year-old woman * who had passed a renal
calculus one year previously and then de-
veloped a gastric ulcer. This patient's serum
calcium concentrations ranged from 11.6
mg./100 ml. to 13.2 mg./100 ml. (Six de-
terminations) in the presence of normal se-
rum protein; her serum phosphate level
varied from 3.0 to 3.5 mg. per cent, a value
which was confirmed in three other labora-
tories. At this time we were investigating
the calcium tolerance test of John Eager
Howard et al.6 The patient was studied by
this technic and responded in a way typical
of hyperparathyroidism. Her renal tubules
reabsorbed only 68.4 per cent of the phos-
phate filtered by the glomeruli (normal
range, 80 to 90 per cent.)2 With this evi-
dence, and despite the normophosphatemia,
she was operated upon, and an adenoma of
the right superior parathyroid gland, meas-
uring 2.8 x 2.6 x 0.3 cm. and weighing 1.3
Gm., was removed.

After this singular experience we were
able to confirm the diagnosis of hyperpara-
thyroidism in 14 patients with hypercal-
cemia and normophosphatemia. Only one
of the 23 patients had uremia (which raises
serum phosphate levels) during this time,
which left 13 patients with normal serum
phosphate levels of the 22 with normal
renal function.

LOG NO.
OBSER-
VATIONS

SERUM CALCIUM (Mgj/lOOmL)
Ocr !954 - APRIL 1957

9 11 13 15 17 19

FIG. 2. Distribution of serum calcium levels in
normal subjects and in patients with surgically
proved hyperparathyroidism. Note slight overlap.

Normal serum phosphate levels in hyper-
parathyroidism can be explained by several
possible mechanisms. At the present time
there are two known actions of the parathy-
roid hormone; one, the mobilization of cal-
cium from the skeleton, and the other, the
inhibition of reabsorption of filtered phos-
phate by the renal tubules. It is now estab-
lished that these two mechanisms are in-
dependent of each other.8 An excess of the

SERUM PHOSPHATE (Mg./1OOml.)
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FIG. 3. Distribution of serum phosphate levels
in normal subjects and in patients with surgically
proved hyperparathyroidism with normal renal
function. Note large area of overlap.
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* Referred by Drs. Joseph D. Wilson of Stock-
ton, California, and Norman J. Sweet of San
Francisco.
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EFFECT OF 430 MG. PHOSPHATE
DIET ON SERUM PHOSPHORUS LEVEL
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FIG. 4. Effect of a low-phosphate diet on serum
phosphate levels of six normal subjects and nine
patients with hyperparathyroidism, normal serum
phosphate levels, andl normal renal function.

hypercalcemic factor without excess of the
phosphate-diuretic factor might explain the
presence of hypercalcemia without hypo-
phosphatemia. Such an explanation can be
excluded from this group of patients, since
direct measurement of the tubular reab-
sorption of phosphate proved to be low in
every case.

Another possible explanation for the nor-

mal serum phosphate levels in patients with
hyperparathyroidism and normal renal func-
tion is that an increased appetite for phos-
phate compensates for the urinary phos-
phate leak.9 To test this, patients who had
normal serum phosphate levels despite sub-
sequent proved hyperparathyroidism were

given a diet low in phosphate (430 mg. per

day).
As seen in Figure 4, this dietary restric-

tion lowers the serum phosphate in normal
individuals, but not below 2.7 mg./100 ml.
In contrast, such a restriction in normo-
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phosphatemic, hyperparathyroid patients
produced a maximal depression of the se-
rum phosphate level within three days; hy-
pophosphatemic levels were reached in five
of nine tested patients. Since four patients
maintained normal serum phosphate levels
despite the continued renal phosphate leak
and curtailed phosphate intake, a third
mechanism must be involved. Skeletal and
muscular breakdown, causing release of
endogenous phosphate stores, seems to be
a likely possibility in these patients.

TUBULAR REABSORPTION OF PHOSPHATE (TRP)

Normally, the renal tubules reabsorb 80
to 90 per cent of the phosphate filtered
through the glomeruli 2 (Fig. 5). Sirota,1'
and Schaaf and Kyle 10 have demonstrated
that this figure is considerably reduced in
hyperparathyroidism, thus accounting for
the hyperphosphaturia typical of this con-
dition. In our experience, simple measure-
ment of the 24-hour urinary phosphate ex-
cretion does not suffice for this purpose,
since many normal subjects excrete more
phosphate in the urine than do patients
with hyperparathyroidism.

Direct measurement of the TRP is done
simply by simultaneous determination of
phosphate and creatinine concentrations in
the blood and urine. To determine the
amount of bphosphate reabsorbed by the
tubules, it is necessary to measure the quan-
tity of phosphate filtered by the glomeruli
and to subtract the amount found in the
urine. The quantity of phosphate filtered
equals the volume of plasma filtered per
minute (glomerular filtration rate, deter-
mined by measurement of the creatinine
clearance), multiplied by the serum phos-
phate concentration. The measurement of
creatinine clearance would ordinarily re-
quire exact timing and complete collection
of urine during the clearance period.

Fortunately, however, exactly the same
amount of time and volume of urine are
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FIG. 5. Schematic representation of phosphate filtration by the glomeruli and reabsorptionby the renal tubules. Note that 80 to 90 per cent of the filtered load is reabsorbed in the tubules,so that normally only 10 to 20 per cent appears in the urine.

used for the urinary excretion of phosphate.
Thus, the timing and urine volume cancel
out so that the final formula requires neither
figure.2
One need know only the serum (S) and

urine (U) concentrations of phosphate (P)
and creatinine (C) to calculate the TRP
by the formula:

TRP =1I- UP x SC
UC X SP

Practically, this must be done at a time
when the serum phosphate level is not
fluctuating. Since the serum phosphate level
falls after each meal, we have found it con-
venient to have the urine collected during
the night and to take the blood sample at
the end of this period, while the patient is

fasting. The urine may be collected for a
period as long as 12 hours, i.e., 8 p.m. to
8 a.m. Periods of less than four hours prob-
ably should not be employed.12
Of 22 patients with proved hyperpara-

thyroidism, 21 had a distinctly and con-
sistently lowered TRP. One patient had a
TRP of 82 per cent, which is within normal
range. This could have been explained by
the fact that she had been given a diet
greatly restricted in phosphate (Shorr regi-
men for nephrolithiasis) during the time of
the test. It has been shown previously 2 that
in normal subjects a stringent restriction of
dietary phosphate raises the TRP to 90 per
cent or more, but in patients with hyper-
parathyroidism this diet raises the TRP up
to 85 per cent. Thus, the patient's TRP of
82 per cent falls within the range found in
phosphate-starved hyperparathyroid pa-

Li. :.i..
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PgR CENT TRP AFTLR CORRECTION
OF HYPIRPARATNYROIDISM
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FIG. 6. Serial TRP determiinations following successful excision of excess para-
thyroid tissue in 10 patients with hyperparathyroidism and normal renal function.
(Previously publishedin J. Clin. Endocrinol. and Metab., 16: 1513, 1956.)

tients, but below that of normal subjects
similarly treated.
In our experience, the TRP is uniformly

lowered in hyperparathyroidism, but a low
TRP is not specific for this condition. Renal
phosphate leaks also occur in osteomalacia,
sarcoidosis, and rarely, in multiple myeloma
-as well as in the Debre-de Toni-Fanconi
syndrome ("phosphate diabetes"). We have
also encountered six cases of idiopathic
phosphate leaks. These, however, could be
curtailed by the low phosphate diet, un-

like the low TRP of hyperparathyroidism.
Finally, since the technic depends upon the
use of creatinine clearance as an index of
the glomerular filtration rate, the test is not
applicable in the presence of uremia.

In addition to its diagnostic value, the
TRP is also useful as an indication of ade-
quate correction of the hyperparathyroid
state. Following resection of all excessively

functioning parathyroid tissue, the lowered
TRP rises virtually to 100 per cent, as is
shown in Figure 6. This is a mathematical
way of saying that almost all the filtered
phosphate is reabsorbed by the tubules so

that practically none appears in the urine.
The reason cannot be, as might be sup-

posed, that the phosphate is disappearing
into the bone, because the filtered phos-
phate load in the kidney is actually increas-
ing. The serum phosphate level rises rapidly
and the glomerular filtration rate also rises
in many cases, so that the filtered phosphate
load may double within the first 48 hours.
Despite the greatly increased amount of
phosphate filtered through the glomeruli,
very little of it appears in the urine. We
believe that the high TRP, after successful
removal of excess parathyroid tissue, is
caused by a temporary hypoparathyroidism
which removes the parathyroid restraint
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HYPERPARATHYROIDISM

upon tubular reabsorption of phosphate. In
three to 19 days, the rate of tubular reab-
sorption of phosphate returns to normal.

In three patients of the entire group stud-
ied by this method, the TRP remained at a
low level postoperatively. The persistently
low TRP, plus the persistent hypercalcemia,
gave corroboration to the conclusion that
hyperfunctioning parathyroid tissue had
been left behind. With later adequate sur-
gical removal, the TRP reverted to normal
in two of these patients. The third patient,
who had hyperplasia of four parathyroid
glands which had caused acute parathyroid
poisoning, still has a low TRP level and
mild hypercalcemia despite almost com-
plete excision of the parathyroid tissue.
From this experience, we believe that a
postoperative rise of TRP is welcome evi-
dence of a successful operation.

CALCIUM TOLERANCE TESTS

In 17 patients, calcium tolerance tests
performed by the method of J. E. Howard
(using a dose of 12.4 to 18.6 mg./Kg.*),
showed abnormal results in only 11. When
the results were abnormal, these ancillary
data were of particular value in making the
correct diagnosis in normophosphatemic
patients. However, normal responses are
not inconsistent with hyperparathyroidism.
In this test, a calcium salt is infused in a
saline solution over a period of four hours;
the rise of the serum phosphate level and
the urinary phosphate excretion are meas-
ured. In normal subjects, the serum phos-
phate level rises at least 0.9 mg./100 ml.
and a phosphate antidiuresis occurs.2
In 11 of 17 hyperparathyroid patients, the

serum phosphate rise was subnormal and
no antidiuresis occurred. In the other six

patients, the results of the test were normal
despite subsequent proof of the diagnosis
by operation. Since positive results were
obtained in only 11 of 17 patients, it is ap-
parent that this test is not as diagnostic as
the demonstration of hypercalcemia and
low TRP.

Despite the ever increasing recognition
of hyperparathyroidism, we feel that fur-
ther diagnostic tests are needed. We now
have under observation five patients with
kidney stones, hypercalcuria, borderline or
intermittent hypercalcemia, normal serum
phosphate levels, and borderline TRP
values. The response to phosphate depriva-
tion is also borderline. For example, the
TRP, which rises above 90 per cent in nor-
mal subjects but rarely over 85 per cent in
hyperparathyroid patients, has risen into
the borderline range between 85 and 90 per
cent. At the moment, these patients are be-
ing observed to see if they will develop
more typical chemical abnormalities diag-
nostic of hyperparathyroidism. We have
preferred to establish the diagnosis by
chemical means whenever possible, rather
than to carry out a surgical exploration in
a doubtful case. For this reason, we have
begun to use additional tests. Currently, the
use of an infusion of non-radioactive stron-
tium appears to be of value as an indicator
of the rate of skeletal deposition.4 The rate
has been found to be accelerated in the
proved cases of hyperparathyroidism we
have studied thus far.

SUMMARY

Increasing experience in the diagnosis of
hyperparathyroidism has led to the follow-
ing conclusions:

1. The accurate chemical screening of
patients with nephrolithiasis, nephrocalcino-
sis, acute hypercalcemia, or skeletal disor-
ders has resulted in the recognition of more
patients with this disease.

2. Hypercalcemia is now often minimal,

Volume 146
Number 3 413

* Two-thirds to 1.0 ml. of 20 per cent calcium
gluconogalactogluconate (Neo-calglucon®), gen-
erously supplied by Mr. Harry Althouse, Sandoz
Pharmaceuticals, San Francisco, California.
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requiring frequent determinations and cor-
roboration by other tests.

3. In contrast to the previously empha-
sized hypophosphatemia, the serum phos-
phate levels have been normal in most of
our recent cases of surgically proved hyper-
parathyroidism.

4. The tubular reabsorption of phosphate
measured by a simplified technic was uni-
formly subnormal. This test was of diag-
nostic value in those patients with minimal
hypercalcemia and normal phosphate levels.
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DIscUSSION

DR. ROYSTER: I enjoyed this paper very much,
since we certainly need more methods to diagnose
this condition when there are borderline states.
I have one question I would like to ask of Dr.
Goldman. In these cases of borderline disease,
where this test proved to be confirmatory, what
did the pathology of the glands show?

I am reminded of a statement by Dr. Cope, in
which he was writing of the thyroid gland as well
as of the parathyroid, that when the endocrine

gland is out of balance and produces disease, it
is usually possible in most every case to find the
cellular change indicating that there is actual
disease. Also, I would like to point out another
thing, that there are many causes of changes in
the phosphorus excretion and in the test of tubular
reabsorption. There have been studies to show
that there is an increased excretion of calcium
under various conditions, with or without the
presence of hyperparathyroidism, and that when
the patient is excreting calcium in excess, the
calcium takes phosphorus with it. Therefore hyper-


