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An oral calcium load test (CL T) (1 gm Ca/50 kg) was administered to 11 control
subjects and 35 patients with overt hyperparathyroidism to assess its efficacy in
diagnosis 01 hyperparathyroidism. All participants were placed on a low-calcium diet 3
days belore the CLT. Intact parathormone and ionized calcium (Caí) levels were
measured O, 1,2, and 3 hours alter CLT. Initial Caí andparathormone (mean :t SE)
were 1.22 :t 0.01 mmol/L and 2.94 :t 0.03 pmol/L in the control group compared
with 1.43 :t 0.02 mmol/L and 10.6 :t 2.2 pmol/L in the group with
hyperparathyroidism. Both groups had a similar percent in crease in Caí values
(control, 5.9% :t 0.8%; hyperparathyroidism, 6.3% :t 0.6%) (p > 0.1). A decline in

parathormone levels 0147.6% :t 2.8% in patients with hyperparathyroidism was
significantly less than the 75.3% :t 5.3% decline observed in control subjects
(p < 0.025). Three hours alter CLT, parathormone was suppressed in control subjects,
whereas a rebound occurred in patients with hyperparathyroidism. Postoperative CLT
demonstrated a higher mean percent Caí increase and percent parathormone decline
(Caí, 8.9% :t 1. 1%,' parathormone, 67.9% :t 1.8%) compared with preoperative values
(Caí, 6.0% :t 1.0%,. PTH, 49.6% :t 4.3%) (p < 0.025), and 3 hours alter calcium
intake, parathormone remained suppressed, similar to control subjects. Alter surgery,
three patients had elevated parathormone and low normal Ca; levels and parathormone
response to a CL T confirmed the diagnosis 01 secondary hyperparathyroidism. In
conclusion, a CLT (1) can confirm the diagnosis 01 hyperparathyroidism and
successlul parathyroidectomy, (2) distinguished postoperative secondary lrom persistent
pnmary hyperparathyroidism, (3) demonstrated nonautonomy 01 abnormal
parathyroid glands with a parathormone response to a calcium load charactenzed by
an earlier nadir, decreased suppressibility, and more rapid recovery, and (4) produced
dynamic changes that did not distinguish patients with hyperparathyroidism from
control subjects or hyperplasia from adenoma. (SURGERY 1990,.108:1026-32.)
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CALCIUM TOLERANCE TESTS have been reported previ-
ously for use in evaluating patients with renal stone
disease and hypercalcuria,t,2 for diagnosis of subtle
hyperparathyroidism in patients with intermittent

hypercalcemia,3 and for detection of occult parathyroid
hyperplasia in patients with multiple endocrine neo-
plasia syndrome type lIa.4 Reduction in serum calcium
levels and stimulation of parathormone secretion has
also been used in an attempt to differentiate hypercal-
cemia caused by hyperparathyroidism from hypercal-
cemia as a result of other causes.5 None of these authors
had the advantage of the modern parathormone immu-
noradiometric assay (IRMA) that, for the first time, can
follow rapid changes in parathormone levels. With the
advent of the sensitive two-site IRMA for measurement
of intact parathormone,6 we devised an oral calcium
load test (CL T) to investigate parathyroid function in
a dynamic fashion and attempt to develop a provocative
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Table l. Baseline serum Caí and parathormone and urinary cAMP and calcium clearance values before oral
calcium administration

1.22:t .01
1.43:t .02t

2.94:t .03
10.6:t 2.2t

30.2:!: 1.8
46.7::!: 2.4:1:

7.34 j: 1.5

21.6 j: 5.5

l. Control
11. Hyperparathyroidism

Data are mea n :t SE.
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t"ersus control s, p < 0,025,
;"ersus fOntrols, p < 0,05,

endocrine-suppression test for diagnosis of hyperpar-
athyroidism in patients with intermittent or mild per-
sistent hypercalcemia.

METHODS

All subjects were placed on a low-calcium diet «300
mg/day) for 3 days and were fasting for at least 8 hours
before the CL T. Blood samples for intact parathor-
mone, ionized calcium (Caj) and creatinine, and random
urine specimens for calcium, creatinine, and cyclic ad-
enosine monophosphate (cAMP) were obtained 0,1,2,
and 3 hours after administration of 1 gm elemental cal-
cium (calcium; Sandoz) per SO kg body \'/eight dissolved
in 240 mI water. Later in the course of the study, ad-
ditional blood samples were obtained at 11/2 and 21/2
hours.

Blood samples were obtained without a tourniquet,
with an indwelling canula, separated anaerobically, and
stored at 4°C for Caí and creatinine and at -40°C for
parathormone until ready to be analyzed. Caj corrected
to a pH of7.4 was measured with a Radiometer ICA-l
analyzer (Radiometer America Inc., Westlake, Ohio).
Intact parathormone (1-84) was measured with a sen-
si ti ve two-site IRMA (Nichols Institute, San Juan
Capistrano, Calif.). In addition, three control subjects
underwent midmolecular parathormonemeasurements
(Immunonuclear Corp., Stillwater, Minn.). Serum and
urinary creatinine and urine calcium levels were mea-
sured by Kodak Ektachem dry-slide technology. Uri-
nary cAMP was measured by radioimmunoassay (New
England Nuclear, Boston, Mass.) and expressed as a
function of creatinine clearance (nanomoles per liter of
creatinine clearance). The urinary calcium clearance
ratio was computed according to the formula:
UCa/SCa; X SCr/UCr. Reference ranges for our labora-
tory are: Caj, 1.17 to 1.33 mmol/L; intact parathor-
mone, 1 to 6.S pmol/L; and urinary cAMP, 20 to 43
nmol/L creatinine clearance. To date the normal range
for urinary calcium clearance ratio in our labora1ory has
not been established.

The test was performed in 11 normal control subjects
(group 1) and 35 patients with hyperparathyroidism
(group 11), 20 with a parathyroid adenoma, 8 with hy-
perplasia, and 7 medically treated patients. Eleven sur-
gically treated patients underwent both preoperative
and postoperative CL Ts. In both groups, mean :t SE
was determined for initial Ca,and parathormone, uri-
nary cAMP, and urinary calcium clearance. The abso-
lute and percent changes in serum Caj and parathor-
mone and urinary cAMP and calcium clearance were
determined for each group after oral calcium adminis-
tration. The nadir in parathormone decline, the ratio of
absolute parathormone decline to rise in Caj (d par-
athormone/ d Caj), and the ratio of percent fall in par-
athormone to percent rise in Caí (DJod parathormone/
O¡od Ca) were determined for each group. Comparison
of results from the control group and the group with
hyperparathyroidism was completed with a standard
unpaired two-tailed Student t test. A p value <0.05 was
considered significant.

AII surgically treated patients underwent bilateral
neck exploration. Patients with an adenoma underwent
resection of the adenoma and biopsy of at least one nor-
mal gland, whereas those with hyperplasia were treated
with three and one fourth-gland resection and thymec-
tomy. Cure was achieved in all patients, and there was
no instance of recurrent laryngeal nerve injury or per-
manent hypoparathyroidism. Seven patients with hy-
perparathyroidism were treated without surgery either
because of patient refusal or old age in combination with
multiple concomitant medical problems or mi Id recur-
rent hyperparathyroidism well controlled with oral

phosphates.

RESULTS

The control group (group 1) consisted of nine women
and two men with a mean age of 37 years, ranging from
20 to 73 years. The initial Caí level was 1.22 :t 0.1
mmol/L (mean:t SE) and parathormone was
2.94 :t 0.03 pmol/L (Table 1). Serum Caj and par-
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Fig. 1. Parathormone (PTH) response after CL T in 11 control patients.

Table II. Change in serum Ca; and parathormone after oral calcium administration

0.07 :t 0.01
0;09 :t 0.01

2.13 :t 0.2
4.15 :t 0.4

75.3 :t 5.3
47.6 :t 2.8t

39.1 :t 7.4
55.9:t 5.8

16.9 :t 3.2
10.9:t 1.5

l. Control I

11. Hyperp~rathyroidism

Dala are mean i SE. .Versus control p < 0.025.

tp < 0.025.

athormone t alues were within the normal range in all

control subj cts. After calcium ingestion, serum Caj lev-

els rose b 0.07:t 0.01 mmoljL, a 5.9%:t 0.8%
in crease fro basallevels (Table II). The parathormone
level fell by 2.13 :t 0.2 pmoljL or 75.3% :t 5.3% (Ta-
ble II). TJ;¡e nadir in parathormone occurred 2 or more
hours after calcium administration in 8 of 11 controls
(82O¡o). Decline of parathormone levels for control sub-
jects after oral calcium administration is displayed
graphically in Fig. 1. The change in parathormone lev-
els expressed as a function of the change in Caj (A par-
athormonej A Caí) was 39.1 :t 7.4 and the percent
change in PTH expressed as a function of percent
change in Caj (O¡oA parathormonejO¡oA Caj) was
16.9O¡o :t 3.2O¡o (Table II). By comparison, midmolecule
parathormone levels measured in three control subjects
remained constant throughout the CLT (data not
shown).

Fasting urinary cAMP levels were normal in all
control subjects, ranging from 24 to 41 nmoljL creat-
inine clearance, with a mean :t SE of 30.2 :t 1.8
nmoljL creatinine clearance (Table 1). Baseline fasting
calcium clearance ratio was 7.34 :t 1.5 (Table 1). After
CL T, the urinary cAMP level fell11. 9 :t 2.4 nmoljL

creatinine clearance, which represented a 36.4% j: 4.9%
decline, and there was a 3.4 j: 0.8-fold increase in cal-
cium clearance (Table III).

The group with hyperparathyroidism (group II)
consisted of 26 women and 9 men with a mean age of
58 years, ranging from 20 to 80 years. The initial Caj
level was 1.43 j: 0.2 mmol/L (mean j: SE) and par-
athormone was 10.6 j: 2.2 pmol/L (Table 1). Afier oral
calcium administration, the ~aj level increased
0.09 j: 0.01 mmol/L or 6.3'0 j: 0.6'0 (Table II). Both
the absolute and percent increase in Caj was higher in
patients with hyperparathyroidism than in control sub-
jects, but the differences were not statistically significant
(p > 0.1). The parathormone level fell 4.15 j: 0.4
pmol/L or 47.6'0 j: 2.8'0 (Table II), which was sig-
nificantly less in patients with hyperparathyroidism
compared with control subjects (p < 0.025). The dif-
ference in percent parathormone decline in patients
with an adenoma (40.7'0 j: 0.83'0) versus patients ,..'ith
hyperplasia (56.3'0 j: 2.88'0) was not significant

(p>0.1).
Patients with hyperparathyroidism tended to have an

earlier nadir in parathormone, occurring before 2 hours
in 21 of 35 patients (59'0). They also tended to have a

--JJ
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Fig. 2. Parathorrnone (PTH) response after preoperative and postoperative CL T in 11 patients who underwent
curative parathyroidectorny.

Table III. Changes in urinary cAMP and calcium clearance after oral calcium administration

36.4 :t 4.9
32.2:t 2.5

16.9 :t 3.7
50.7 :t 8.9

340:t 80
490:t 100

11.9:t 2.4
.15.0:t 1.5

l. Control
11. Hyperparathyroidism

Data aro moan :t SE.
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higher in patients with hyperparathyroidism, there was
a 57% overlap between groups and thus differences were
not significant (p > 0.1) (Table 1).

After the CL T, patients with hyperparathyroidism
had an absolute reduction in urinary cAMP levels of
15.0 :t 1.5 nmol/L creatinine clearance, which was a
32.2% :t 2.5% decline (Table 111). Both the absolute
and percent decline in urinary cAMP levels was simi-
lar to that of control subjects (p > 0.1). There was algo
a 4.9 :t 1.0-fold increase in urinary calcium clearance
ratio, which was not significantly different from that of
control subjects (p > 0.1) (Table 111).

The results of preoperative and postoperative CL Ts
in 11 surgically treated patients are summarized in Ta-
ble IV. There was a greater rige in Caj levels
(8.9% :t 1.1%) (p < 0.05), a larger percent parathor-
mone decline (69.9O¡o:t 1.8O¡o) (p < 0.025), and a
smaller ~ parathormone/ ~ Caj ratio (35.4:t 4.9)
(p < 0.05) after postoperative CL Ts. However, the
ratios of O¡o~ parathormone/O¡o~ Caj after preoperative
(11.4 :t 2.2) and postoperative CLT (9.0 :t 1.4) were
similar (p > 0.1).

more rapid rebound in parathormone levels, in contrast
to control patients whose parathormone levels remained
suppressed 3 hours after CL T. These differences are
demonstrated in the graph of parathormone responses to
an oral CL T in 11 patients with hyperparathyroidism
seen in Fig. 2. The ratio of parathormone decline to rige
in Caj levels (~parathormone/~ Caj) was 55.9 ::!: 5.8
in patients with hyperparathyroidism, which was
greater than in control patients (Table 11), but the dif-
ference was not statistically significant (p > 0.1). The
ratio of percent parathormone decline to percent rige in
Caí (o¡o~ parathormone/O¡o~ CaJ was 10.9 ::!: 1.5, which
was less than in control subjects (Table 11), and the dif-
ference just missed statistical significance (p > 0.05

and<O.l).
An initial urinary cAMP level of 46.7 ::t 2.4 nmol/L

creatinine clearance in patients with hyperparathy-
roidism was significantly greater than in the control
group (p < 0.05) (Table 1). However, 37O¡o of patients
with hyperparathyroidism had a basal urinary cAMP
level in the normal range. Although basal calcium
clearance levels of 21.6 ::!: 5.5 nmol/L (Table 1) were

V
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mane assay and an intravenous calcium challenge and
reported parathormone nonsuppressibilit)' in patients
with an adenoma and only partial suppressibility in
patients with hyperplasia. A mean 41 % decline in par-
athormone values observed in our patients with an ad-

enoma and 56% decline in patients with hyperplasia
confirmed that hyperfunctioning parath)'foid glands are
not autonomous but function around a higher calcium
set point.9, lO Ourin vivo results correlate with previous

work by Brown et al.,I! which demonstrated partial
suppressibility of dispersed parathyroid tissue in vitro.

In addition to decreased parathormone suppressibil-
ity, other subtle differences in parathormone response
were observed in patients with hyperparathyroidism
after an oral CL T, including an earlier nadir in ,
parathormone decline and a more rapid rebound in
parathormone secretion. Although we observed a dif-

ferent pattern of parathormone response, the differences
did not occur uniformly in all patients ",ith hyperpar-

athyroidism.The results of our investigation algo indicated that a
single basal fasting Cai and intact parathormone level in

fasting patients on a low-calcium intake dis~riminated
patients with hyperparathyroi<wsm from normal control

subjects in all instantes. Cai and intact parathormone
levels were significantly higher in patients with hyper-
parathyroidism with almost no overlap with normal
control subjects. Basal calcium clearance ratio and uri-

nary cAMP levels were also higher, but they overlapped
by 57% and 37%, respectively, with the values from
control subjects, making these tests less useful in the di-

agnosis of hyperparathyroidism.
In response to oral calcium administration, we ob-

served similar increases in serum calcium and urinary
calcium clearance ratio, as well as a comparable decline
in urinary cAMP values both in patients with hyper-
parathyroidism and in control subjects. This differed
from the results of Broadus et al.,3 who demonstrated
hyperabsorption of calcium in 10 patients with marginal
hyperparathyroidism with a mea n calciuric response
that was twice normal after administration of 1 gm oral

calcium. They attributed the difference to intestinal hy

Graphic display of parathormone response to CL T

before and after surgery for 11 patients with hyperpar-
athyroidism is se en in Fig. 2. The parathormone
response to postoperative CL T was similar to that of the

normal control population. The reduced parathormone
suppressibility noted in patients with hyperparathy-
roidism during a preoperative CL T reverted to normal.
The nadir in parathormone decline occurred at or later

than 2 hours in 10 of 11 patients and parathormone
tended to remain suppressed 3 hours after oral calcium

administration.After surgery, three patients had low-normal or nor-
mal fasting Cai levels with elevated parathormone lev-
els. A postoperative CL T produced a 0.13 to 0.15

mmol/L increase (llOJo to 13OJo) in Cai and parathor-
mane decline of 60OJo to 75OJo. These results indicated the

presence of postparathyroidectomy secondary hyper-
parathyroidism rather than persistent primary hyper-
parathyroidism. The secondary hyperparathyroidism in
these three patients was temporary and resolved after a
maximum of 3 months of calcium and vitamin D ther-

apy.

DISCUSSION
Using a sensitive and reproducible two-site IRMA to

measure intact parathormone, we observed that par-
athormone decline after a CL T was significantly less in
patients with hyperparathyroidism than in control sub-
jects. This occurred despite higher baseline Cai levels
and similar in creases in Caj levels after an oral CL T in

patients with hyperparathyroidism. The midmolecular
parathormone assay, however, was not sensitive enough
to measure rapid changes in parathormone. Other au-
thors have been unable to demonstrate a significant re-

duction in parathormone after oral calcium administra-

tion because of the insensitivity of older parathormone
assays that were affected by inactive parathormone

fragments}No difference in parathormone response was ob-
served between patients with parathyroid adenoma and
hyperplasia. Our observations varied from those of Re-

iss and Canterbury,8 who used a less sensitive parathor-

-

'Versus controlo, p < 0,02~
tVersus controlo, p < 0,05,



","--,,""o""'"

Oral calcium load test in hyperparathyroidism 1031

athormone, urinary cAMP, and urinary calcium clear-
ance did not clearly discriminate between patients with
overt hyperparathyroidism and normal control subjects,
nor did it distinguish patients with an adenoma from
those with hyperplasia. This was consistent with the
results of Madvig et al.,12 who concluded that oral cal-
cium tolerance testing with measurement of serum uri-
nary calcium and nephrogenous cAMP did not possess
the requisite sensitivity or specificity to be useful in the
diagnosis of hyperparathyroidism. The CL T did not
add additional diagnostic information that was not al-
ready established by baseline Caj and parathormone
levels obtained under standard conditions.

perabsorption in patients with hyperparathyroidism
related to measured increases in serum t ,25 (OH)2 vi-
tamin D3. t ,25(OH)2 vitamin D3 levels were not mea-
sured in our patients, nor did \\'e have any patients with
true marginal hyperparathyroidism as defined by
Broadus et al. It mar be that patients with marginal
hyperparathyroidism are more likely to have elevated
t ,25(OH)2 vitamin D3 levels.

Calcium is known to be absorbed in the duodenum
and proximal jejunum. An increase in serum Caj levels
was seen at the initial t-hour blood sampling, and peak
levels occurred 2 to 3 hours after oral calcium admin-
istration. Fall in parathormone paralleled the rige in Caj
levels; however, it was not unusual for patients with
hyperparathyroidism to have a rebound in parathor-
mone secretion while the serum Caj level was still ris-

mg.
The parathormone response reverted to normal within

3 months of curative parathyroidectomy in 11 patients
who underwent preoperative and postoperative CL Ts
for comparison. The reduced parathormone suppress-
ibility, earlier nadir in parathormone decline, and rapid
rebound in parathormone secretion were no longer ap-
parent. After surgery, however, patients were noted to
have a significan ti Y greater percent in crease in serum
Caí levels after oral calcium administration. We ob-
served the greatest increases in serum Cai levels in pa-
tients with low or low-normal postoperative calcium
levels. We postulated that this mar be the result of
higher 1,25 (OH)2 vitamin D3levels afI"ecting calcium
absorption. Three patients were noted to have tempo-

rary postoperative secondary hyperparathyroidism
characterized by lo", or low-normal serum Cai and el-
evated parathormone levels, presumably as a result of
boDe hunger. Their parathormone response to a post-
operative CL T was identical to that of the normal con-
trol subjects, distinguishing postoperative secondary
from persistent primary hyperparathyroidism. All pa-
tients responded to oral calcium therapy with eventual
resolution of this postoperative phenomenon of second-

ary hyperparathyroidism.
In conclusion, the CL T can confirm the diagnosis of

hyperparathyroidism by demonstrating reduced par-
athormone suppressibility. CL T algo confirms cura ti ve
parathyroidectomy and distinguishes postoperative sec-
ondary from persistent primary hyperparathyroidism.
With a two-site IRMA used to measure intact par-
athormone, the CL T demonstrated that hyperfunction-
ing parathyroid glands are nonautonomous, with a par-
athormone res pon se to calcium characterized by an ear-
lier nadir, reduced suppressibility, and more rapid
recovery despite higher basal serum Cai levels. How-
ever, the dynamic changes in serum Cai, intact par-
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calcium-loading test algo going to be borderline? In other
words, is this test any better than measuring total or ionized
calcium and serum parathyroid levels for making a diagnosis

of hyperparathyroidism?
Dr. McHenry. It very well could be. The results of our in-

vestigation revealed that a baseline ionized calcium level and
a parathyroid hormone level with an immunoradiometric as-

say were actually more accurate at differemiating patiems
with hyperparathyroidism from control subjects than the dy-
namic changes observed after oral calcium administration.

So, whether an oral calcium load test will be usef ul in pa-
tiems with marginal hyperparathyroidism remains to be seen.

Dr. Stanley R. Friesen (Kansas City, Mo.). I have done the
reverse of this experiment in a patiem 1 think is worth men-
tioning, a patiem with hypercalcemia and all the evidente of
hyperparathyroidism except that the parathormone level \vas
undetectable. In this patient \ve brought the calcium level
clown. The parathormone level \vent up tO normal. It \\'as at
an undetectable level, which indicated to us that the parathy-
roid glands in that patiem were normal and normally respon-
sive; it kept us from operating on the neck.

Dr. P. Schachter (Durham, N.C.). Parath)TOid adenoma
tissue is more susceptible to declining calcium concentrations
than to increases in calcium levels. Have ).ou considered lo\v-
ering calcium levels to differemiate among patiems \vith bor-

derline hyperparathyroidism and control subjects?
Dr. McHenry. Yes we did. Our protocol consisted of plac-

ing all patiems on a 300 mg calcium diet for 3 days before
testing. AII patients algo fasted for 8 to 12 hours before the test.

Dr. Schacter. Since all patiems and control subjects \vere
on a low-calcium diet for 3 days before the calcium load test,
was there any significam difference in starting calcium levels

between the patiems and the control subjects?
Dr. McHenry. The mean baseline ionized calcium levels

were 1.22 mmol/L in the control subjects and 1.43 mmol/L
in the group with hyperparathyroidism. These values repre-
sented an overall fall in calcium levels compared \vith levels

obtained before placing patiems on a lo\\'-calcium di_el.
Dr. Quan Yang Duh (San Franci~o, Calif.). \Ve used to

use midregion radioimmunoassay and have recemly s\vitched
to the immunoradiometric assay. One of the implications of

your dará is that we have to be more careful about the timing
of when \ve measure parathormone in our patients, because
the parathormone levels by the immunoradiometric assa). have

..
more vanatlon.

Have you found differences in parathormone levels de-
pending on the kind of diet your patient is on? Do you mea-
sure immunoradiomeric assay only after a patient has fasted?

Dr. McHenry (closing). Yeso Our protocol has been to

measure calcium and parathormone levels after an overnight

fasto
Blood samples are obtained without a tourniquet and we

have been measuring pH-corrected ionized calcium Jevels.
This has been our standard protocol for measurement of ba,;il

calcium and parathormone levels in all our patiems.

DISCUSSION
Dr. Edward PaIoyan (Hines, IIl.). Some of us tried to

achieve the same results a few decades ago, but we used serum
phosphate clearances in a similar manner. Did you measure
the serum phosphorus level and have you correlated your

findings with phosphate clearance?
Dr. McHenry. Dr. Paloyan, early on in our testing we

measured urinary phosphate clearance and found no signifi-
cant difference between the control population and patients

with hyperparathyroidism.
Dr. Murray F. Brennan (Ne\v York, N. Y.) About 10 years

ago we sho\\'ed in vitro that you could demonstrate suppress-
ibility of both hyperplastic and adenomatous glands. In some
of those patients we had the opportunity to then test the in vivo

autograft. 1 noted that there are people in whom suppression
cannot be accomplished. There are people who have what \\'e
called "adenomas" that did not suppress either in vitro or in

vivo, and \\.e had to remove one autonomous autograft.
In some \\'a)'s this addresses the same problem that Dr. At-

tie discussed. It depends on how you define "adenoma." If you
define multiple adenomas as enlargement of more than one
glandbut not all four where there \vas not persistentor recur-
rent disease \\.hen only the large lesions were removed, then
you must be correcto The concept of multiple-gland disease
that is not of uniform penetrance is easy to accept. The only
question 1 ha\"e is whether your use of the term "calcium
clearance" was correcto 1 believe )'Ou are measuring calcium

to creatinine clearance.
Dr. McHenry. We measured the ratio of urine calcium to

serum calcium multiplied by the ratio of serum creatinine to

the urine creatinine, \vhich is a calcium to creatinine clearance

ratio.
Dr. John M. Monchik (Providence, R.I.). Before the de-

velopment of the t\vo-site assay for intact parathyroid hor-
mone, my colleagues and 1 did a project quite similar to )'ours.
We sho\vec;i that both adenomas and hyperplasia \Vere stim-
ulated when the calcium was brought clown by EDT A and

suppressed when the calcium \vas elevated by an intravenous
calcium infusion. We even had one patient, a patient of Dr.
Wang's, who had a parathyroid carcinoma in whom the par-
ath)TOid hormone level \vas raised significantly with an infu-

sion of EDT A.
1 think that one of the important aspects of your study \vould

be the identification of patients \vith primary hyperparathy-
roidism \vho have minimal elevation of the ionized or total
calcium or immunoreactive parathyroid hormone and who

have complications of hyperparathyroidism.
Dr. McHenry. OUT original purpose for the study was to

develop a test for diagnosis of hyperparathyroidism in patients
with marginal hypercalcemia and parathormone levels in the
upper normal range. However, we first chose to examine the
response to an oral calcium load in patients with overt hyper-
parathyroidism and compare this to that of normal control

subjects.
Dr. Richard A. Prinz (Maywood, 111.). In patients with

borderline calcium and parathyroid hormone levels, is your




