Oral calcium load test: Diagnostic and
physiologic implications in

hyperparathyroidism
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An oral calcium load test (CLT) (1 gm Ca/50 kg) was administered to 11 control
subjects and 35 patients with overt hyperparathyroidism to assess its efficacy in
diagnosis of hyperparathyroidism. All participants were placed on a low-calcium diet 3
days before the CLT. Intact parathormone and ionized calcium (Ca;) levels were
measured 0, 1, 2, and 3 hours after CLT. Initial Ca; and parathormone (mean + SE)
were 1.22 = 0.01 mmol/L and 2.94 + 0.03 pmol/L in the control group compared
with 1.43 + 0.02 mmol/L and 10.6 = 2.2 pmol/L in the group with
hyperparathyroidism. Both groups had a similar percent increase in Ca; values
(control, 5.9% *x 0.8%; hyperparathyroidism, 6.3% * 0.6%) (p > 0.1). A decline in
parathormone levels of 47.6% * 2.8% in patients with hyperparathyroidism was
significantly less than the 75.3% + 5.3% decline observed in control subjects

(p <0.025). Three hours after CLT, parathormone was suppressed in control subjects,
whereas a rebound occurred in patients with hyperparathyroidism. Postoperative CLT
demonstrated a higher mean percent Ca; increase and percent parathormone decline
(Ca;, 8.9% = 1.1%; parathormone, 67.9% + 1.8%) compared with preoperative values
(Ca;, 6.0% * 1.0%; PTH, 49.6% + 4.3%) (b < 0.025), and 3 hours after calcium
intake, parathormone remained suppressed, similar to control subjects. After surgery,
three patients had elevated parathormone and low normal Ca; levels and parathormone
response to a CLT confirmed the diagnosis of secondary hyperparathyroidism. In
conclusion, a CLT (1) can confirm the diagnosis of hyperparathyroidism and
successful parathyroidectomy, (2) distinguished postoperative secondary from persistent
primary hyperparathyroidism, (3) demonstrated nonautonomy of abnormal
parathyroid glands with a parathormone response to a calctum load characterized 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,'? for diagnosis of subtle
hyperparathyroidism in patients with intermittent
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hypercalcemia,® and for detection of occult parathyroid
hyperplasia in patients with multiple endocrine neo-
plasia syndrome type I1a.* 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.® 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,® we devised an oral calcium
load test (CLT) to investigate parathyroid function in

a dynamic fashion and attempt to develop a provoeative
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Table L. Baseline serum Ca; and parathormone and urinary cAMP and calcium clearance values before oral
calcium administration
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Data are mean + SE.
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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 CLT. Blood samples for intact parathor-
mone, ionized calcium (Ca;) and creatinine, and random
urine specimens for calcium, creatinine, and cyclic ad-
enosine monophosphate ((AMP) were obtained 0, 1, 2,
and 3 hours after administration of 1 gm elemental cal-
cium (calcium; Sandoz) per 50 kg body weight dissolved
in 240 mi water. Later in the course of the study, ad-
ditional blood samples were obtained at 1% and 2%
hours.

Blood samples were obtained without a tourniquet,
with an indwelling canula, separated anaerobically, and
stored at 4°C for Ca; and creatinine and at —40°C for
parathormone until ready to be analyzed. Ca; corrected
to a pH of 7.4 was measured with a Radiometer ICA-1
analyzer (Radiometer America Inc., Westlake, Ohio).
Intact parathormone (1-84) was measured with a sen-
sitive two-site IRMA (Nichols Institute, San Juan
Capistrano, Calif.). In addition, three control subjects
underwent midmolecular parathormone measurements
(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
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The test was performed in 11 normal control subjects
(group I) and 35 patients with hyperparathyroidism
(group II), 20 with a parathyroid adenoma, 8 with hy-
perplasia, and 7 medically treated patients. Eleven sur-
gically treated patients underwent both preoperative
and postoperative CLTs. In both groups, mean + SE
was determined for initial Ca; and parathormone, uri-
nary cAMP, and urinary calcium clearance. The abso-
lute and percent changes in serum Ca; 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 Ca; (A par-
athormone/A Ca;), and the ratio of percent fall in par-
athormone to percent rise in Ca; (%A parathormone/
%A 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 ¢ test. A p value <0.05 was
considered significant.

All 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 mild recur-
i I controlled with

rent hyperparathyroidism  well oral
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RESULTS

The control group (group I) consisted of nine women

37 years, ranging {rom

1.22 £ 0.1

and two men with a mean age of
20 to 73 vears. The initial Ca; level was
mmol /1 {mean = SE and parathormone  was

2.94 = 0,03 pmol/L (Tahble 13, Serum Ca; and jar-
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Fig. 1. Parathormone (PTH) response after CLT in 11 control patients.

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

it A
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I. Control 0.07 + 0.01 213+ 0.2 753+ 5.3 39174 16.9 £ 3.2
II. Hyperparathyroidism 0.09 = 0.01 415+ 0.4 47.6 = 2.8¢ 559 £ 58 109 £ 15

*Versus controls| p < 0.025.

Daia are mean ST SE.
1p < 0.025.

athormone yalues were within the normal range in all
control subjects. After calcium ingestion, serum Ca; lev-
els rose by 0.07 £ 0.01 mmol/L, a 5.9% * 0.8%
increase from basal levels (Table IT). The parathormone
level fell by 2.13 = 0.2 pmol/L or 75.3% =* 5.3% (Ta-
ble II). The nadir in parathormone occurred 2 or more
hours after calcium administration in 8 of 11 controls
(82%). 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 Ca; (A par-
athormone/A Ca;) was 39.1 + 7.4 and the percent
change in PTH expressed as a function of percent
change in Ca; (%A parathormone/%A Ca;) was
16.9% =+ 3.2% (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 nmol/L creat-
inine clearance, with a mean + SE of 302 + 1.8
nmol/L creatinine clearance (Table I). Baseline fasting
calcium clearance ratio was 7.34 + 1.5 (Table I). After
CLT, the urinary cAMP level fell 11.9 + 2.4 nmol/L

creatinine clearance, whichrepresented 236.4% + 4.9%
decline, and there was a 3.4 + 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 Ca;
level was 1.43 + 0.2 mmol/L (mean + SE) and par-
athormone was 10.6 + 2.2 pmol/L (Table I). Afier oral
calcium administration, the C3; level increased
0.09 + 0.01 mmol/L or 6.3% + 0.6% (Table II). Both
the absolute and percent increase in Ca; 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 x 0.4
pmol/L or 47.6% =+ 2.8% (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
withan adenoma (40.7% + 0.83%) versus patients with
hyperplasia (56.3% + 2.88%) was not significant
(®»>0.1).

Patients with hyperparathyroidism tended to have an
earlier nadir in parathormone, occurring before 2 hours
in 21 of 35 patients (59%). They also tended to have a

oadt
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Fig. 2. Parathormone (PTH) response after preoperative and postoperative CLT in 11 patients who underwent

curative parathyroidectomy.

Table IIL. Changes in urinary cAMP and calcium clearance after oral calcium administration
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36.4 + 49 169 = 3.7
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340 + 80
490 + 100

Daia are mean £ SE.
»Uca o Ser
Sca ~ Ucr

more rapid rebound in parathormone levels, in contrast
to control patients whose parathormone levels remained
suppressed 3 hours after CLT. These differences are
demonstrated in the graph of parathormone responses to
an oral CLT in 11 patients with hyperparathyroidism
seen in Fig. 2. The ratio of parathormone decline to rise
in Ca; levels (A parathormone/A Ca;) was 55.9 + 5.8
in patients with hyperparathyroidism, which was
greater than in control patients (Table II), but the dif-
ference was not statistically significant (p > 0.1). The
ratio of percent parathormone decline to percent rise in
Ca; (%A parathormone /%A Ca;) was 10.9 = 1.5, which
was less than in control subjects (Table II), and the dif-
ference just missed statistical significance (p > 0.05
and < 0.1).

An initial urinary cAMP level of 46.7 + 2.4 nmol/L
creatinine clearance in patients with hyperparathy-
roidism was significantly greater than in the control
group (p < 0.05) (Table I). However, 37% 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 I) were

higher in patients with hyperparathyroidism, there was
a 57% overlap between groups and thus differences were
not significant (p > 0.1) (Table I).

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

The results of preoperative and postoperative CLTs
in 11 surgically treated patients are summarized in Ta-
ble IV. There was a greater rise in Ca; levels
(8.9% = 1.1%) (p < 0.05), a larger percent parathor-
mone decline (69.9% % 1.8%) (p <0.025), and a
smaller A parathormone/A Ca; ratio (35.4 * 4.9)
(p <0.05) after postoperative CLTs. However, the
ratios of %A parathormone/%A Ca; after preoperative
(11.4 £ 2.2) and postoperative CLT (9.0 + 1.4) were
similar (p > 0.1).
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Tabie IV. Comparison of preoperative and postoperatve

after curative parathyroidectomy
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CLT results for 11 patients with hiy perpatathyreidism
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*Versus controls, p < 0.02!
+Versus controls, p < 0.05.

Graphic display of parathormone response to CLT
before and after surgery for 11 patients with hyperpar-
athyroidism is seen in Fig. 2. The parathormone
response to postoperative CLT was similar to that of the
normal control population. The reduced parathormone
suppressibility noted in patients with hyperparathy-
roidism during a preoperative CLT 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.

Aftter surgery, three patients had low-normal or nor-
mal fasting Ca; levels with elevated parathormone lev-
els. A postoperative CLT produced a 0.13 to 0.15
mmol/L increase (11% to 13%) in Ca; and parathor-
mone decline of 60% to 75%. 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 IRMAto
measure intact parathormone, we observed that par-
athormone decline after a CLT was significantly less in
patients with hyperparathyroidism than in control sub-
jects. This occurred despite higher baseline Ca; levels
and similar increases in Caj levels after an oral CLT 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
fragmcnts.7

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,? who used a less sensitive parathor-

068+ 001 6.0 % 1.U g4+ 0.9

mone assay and an intravenous calcium challenge and
reported parathormone nonsuppressibility 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 parathyroid glands are
not autonomous but function around a higher calcium
set point.” 10 Our in vivo results correlate with previous
work by Brown et al.,'! 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 CLT, including an earlier nadir in §
parathormone decline and a more rapid rebound in
parathormone secretion. Although we observed a dif-
ferent pattern of parathormone responsc, the differences
did not occur uniformly in all patients with hyperpar-
athyroidism.

The results of our investigation also indicated that a
single basal fasting Ca; and intact parathormone levelin
fasting patients on a low-calcium intake discriminated
patients with hyperparathyroidism from normal control
subjects in all instances. Ca; and intact parathormone
Jevels 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.,? who demonstrated
hyperabsorption of calcium in 10 patients with marginal
hyperparathyroidism with a mean calciuric response
that was twice normal after administration of 1 gm oral
calcium. They attributed the difference to intestinal hy-




perabsorption in patients with hyperparathyroidism
related to measured increases in serum 1,25 (OH), vi-
tamin D3. 1,25(OH), vitamin Dj levels were not mea-
sured in our patients, nor did we have any patients with
true marginal hyperparathyroidism as defined by
Broadus et al. It may be that patients with marginal
hyperparathyroidism are more likely to have elevated
1,25(0OH); vitamin D3 levels.

Calcium is known to be absorbed in the duodenum
and proximal jejunum. An increase in serum Ca; levels
was seen at the initial 1-hour blood sampling, and peak
levels occurred 2 to 3 hours after oral calcium admin-
istration. Fall in parathormone paralleled the rise in Ca;
levels; however, it was not unusual for patients with
hyperparathyroidism to have a rebound in parathor-
mone secretion while the serum Ca; level was still ris-
ing.

The parathormone response reverted to normal within
3 months of curative parathyroidectomy in 11 patients
who underwent preoperative and postoperative CLTs
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 significantly greater percent increase in serum
Ca; levels after oral calcium administration. We ob-
served the greatest increases in serum Ca; levels in pa-
tients with low or low-normal postoperative calcium
levels. We postulated that this may be the result of
higher 1,25 (OH); vitamin Djs levels affecting calcium
absorption. Three patients were noted to have tempo-
rary postoperative secondary hyperparathyroidism
characterized by low or low-normal serum Ca; and el-
evated parathormone levels, presumably as a result of
bone hunger. Their parathormone response to a post-
operative CLT 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 CLT can confirm the diagnosis of
hyperparathyroidism by demonstrating reduced par-
athormone suppressibility. CLT also confirms curative
parathyroidectomy and distinguishes postoperative sec-
ondary from persistent primary hyperparathyroidism.
With a two-site IRMA used to measure intact par-
athormone, the CLT demonstrated that hyperfunction-
ing parathyroid glands are nonautonomous, with a par-
athormone response to calcium characterized by an ear-
lier nadir, reduced suppressibility, and more rapid
recovery despite higher basal serum Ca; levels. How-
ever, the dynamic changes in serum Ca;, intact par-
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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.,'? 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 CLT did not
add additional diagnostic information that was not al-
ready established by baseline Ca; and parathormone
levels obtained under standard conditions.
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DISCUSSION

Dr. Edward Paloyan (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 rlearance?

Dr. Melenoy, 1o Palovan, early on n oour festng we

measured urinary phosphate clearance amil found o <gntli-
cant difference besveen the coniral population and patients
with Inperparathvroiilisin

D, Murray F, Breonan (New York, XY Abou Thvears
agoowt showed invitra this vou could demonstrate suppress-
ity of bath hyperplastic and adenomazous glands. In some

te then est the v

of heise paticnits we had the opporig
sutiaraft Tavted tharthere are people inowhom suppression
cannot be acomplished. There ase people who have whag we
calted adesomas™ that did no suppress ebther in viteo oF 10
wiva, and we had [0 remove one BuionnmuLs auingrafe,

In some wians thisaddresses the same probiem tha D, M-
tie discussed Tt depends an hew you define “adenome.” 1 vou
define multiple adenomas as eplargement of more than ane
clard bt net a8l foue where there was ot persisient o recur-
et tibease when orle the large lesions were remoned, 1hen
volt musi be correct. The concepr of muluple-gland disease
dhaat {3 mot of uniform penetrance 15 easy waceept, The eoly
question T have ig whether your use of 1he term “ealcum

clearance” wasgoreeon, 1helieve you are measuring cadaum

o creauimine clearnno

Dr, McHenrv, We measured the ratio of urine raldium w

sepum-ealcium multiplied by ihe ratio of serum crentinine 1
the urine ceeatinine, which s 3 calcium w creatinine clearance
Tatie,

Dr. John M. Monchik {Providence. RL). Before the de-
Liw=kl L8 Besan for imact |)i|fi]|]i'~ l‘(.lld I-:':']"

velapment ol 17

mosie. iy colleazues and §did a prijec: quite simiiar 1@ yours,

We ihawed that B

adenamas and hvperplasia were sm-
ulared when the caleiim was brought down by EDTA and
suppressed when the caleium was elevated by an iniravenous

eateium infusion. We even had one patient, a pazient of Tr.

Wane's, who had & i_|_;|:'.'1||'|'\_c- sl carcineme in whom the phars
atferoid hormone level was raised signilcantly with aninfu-
sy ol E1YEAL

Tihink thasone of the important aspecs of vour study wotild

b i he dedeptafeasion of a5 with prinary hyperparathy-

eadism wha hdve rinimal elevasion of (e Jonized or otal

caleium or immunorescive parthyeoid hormaone and who
hate complications of by perparmbyraidism

Dr. MeHenry, Our ariginal purpase for the siady was 10
developatest for diagnosis of kg parathyroldismin palienis

with marginal mvpercalremiaand parathormane [enpls 1 the

ppper normal range Hinwever, we fest chose t examine the
pesponse toan orad caulvium [oad in patienis with avert haper-
paraihyroidism and cumpire s o thatl of pormal conirol
:l_'.l:jl'll-u

Dr. Bichard A, Pring (5avwood, LY In patiems with

borderline calcium and parsthyroid hormone levels, is vour
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calcium-loading test also 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 haseline jonized calcium level and
a parathyreid hormone level with an immunaradionme ne as

say were actully e accurae diflers

riiddism from oo

with hivperparathy
mamic changes abserved aher oral caleiun administration

So. whether an nral caleiem lead dest will be useful in pa-
vients with marginal hyperparathvroidism remains to be seen,

Dir. Stanley B, Fricsen | kansas Cite, o) ] hae done the

reverse of this experiment in oo patiens 1 think s warth men-

tiomiog, a patientwith hepercaleems ard all the evidenve of

hvperparathyroidism eseept tha the parathormone feve] wae
undereciable. In this peien
down. The parathormone level went up 1o nermal [t wasas

an undetectable Jevel, which indicased 1o us 1ha the parathy-

ve beoueht tne calouny Jevel

roid glands in that patient were normal and normally resgoi-
sive: it kept us from operating an the neck

Dr. P, Sehachter (Durham, NG00, Parathyrood adenaoma
tissue s more susceptifile 1o declining calviun rancestrations
than 16 inceeases in caleium levels, Have vou considered low.
ering calcium levels to differentiate among panems with bor-
derline hyperparathyroidism and control subjects?

Dr. MeHenry, Yes we did Owr prowocol censisted of plac-
ing all patients on & 300 mg calium dien for 3 days before
testing. All patiems alsa [asted for 810 | 2 hours Before the s

Dr. Schacter, Stnee all pasients and romrol subjects were
ona low-calcium dier for 3 days belore the caleium load test,
was there any stenificant d
frevween the pa

Dr. McHenry, The mean haseline fonized calcium level:

were 1.22 mmaol; L in the coniral subjects and 1.43 mmol L

iference in swarting calciun leyvels

ents-and 1he contral sunjecs

In the group with hyperparshyroidis. These values repre-
ed witl
shiained helore plucing patienss an a low-caldun diet

Dr. Quan Yang Duh (San Franeisgo, Calif). e e 10
wse midregion radimmmunoassay and have recemly switrhed

1 Jevels

sered an overall fall in caleium levels b

ta the immunaradiomenric assav. One of the implicasions ol

vour datads thar we bave i he more caceful ak
of when we measure parthormone in ouf
the parmbinrmane levels by she imunoradiometric assay b
maTe variation

Have vou lound dilferences in paratharmone levels de-
pending on the kind of diet vour patient is n® Do you mes:
e immunpradismeric pssay only after a paticnt has fasted?

Dr. McHenry (clusing) Yes Our protocol has been to
micasure calvium and parathormene levels after-an overnight
fas.

Bluod samples sre obtaimed withour @ toeurmgue anul we
have leen mepsuring pll-correcied Jonized paleien levels

i /) |
Fhis has beemmrr sindard protooal Tor measuremjent of

caleium and parathormeone devels inoall dur g






