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A 70-year-old osteoporotic woman taking a maintenance dose of 1a-OHD; (0.75 png/day) developed acute hy-

percalcemic crisis associated with acute renal failure (serum creatinine 3.4 mg/d!). Extensive examination re-

vealed no abnormality except for several intrathyroidal nodules. Three days after admission, saline infusion had

reduced the serum calcium concentration from 15.6 to 145 mg/dl, but the serum intact PTH concentration was

not suppressed (14 pg/ml, reference range 10-65 pg/ml). A single administration of alendronate reduced the

serum calcium and creatinine levels to the normal ranges. Two years later, mild hypercalcemia (11.3 mg/dl)

with complete suppression of the serum level of intact PTH (<5 pg/ml) occurred due to inadvertent intake of
125-(OH),D; (1.0 ug/day). After discontinuation of 1,25-(OH);Ds. the patient remained eucalcemic until she died
aged 78 years. Although hypercalcemic crisis with acute renal failure due to acute vitamin D intoxication was

highly suspected, previous reports have documented decreases in serum intact PTH to below the detectable

range (<5 pg/ml) in similar cases. We discuss the pathogenesis of unsuppressed serum intact PTH, and stress

that in hypercalcemic patients, the serum level of intact (or whole) PTH should be determined immediately at the

hypercalcemia peak.
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Introduction

Hypercalcemic crisis develops most frequently in
patients with primary hyperparathyroidism (I-
HPT) and malignancy due to excessive production
of PTH and PTHrP, respectively. In some cases, hy-
percalcemic crisis may develop due to excessive in-
take of vitamin D and its analogue. Usually, diagno-
sis is not difficult when a detailed medical history is
available, and serum levels of PTH, PTHrP, and vi-
tamin D metabolites are measured”. However,
when hypercalcemic crisis resolves spontaneously
and completely disappears”™", differential diagno-
sis is sometimes difficult, particularly if serum levels
of PTH and vitamin D metabolites are not meas-

ured when the serum calcium concentration is
maximal.

Here we report a patient with senile osteoporosis
who had intrathyroidal nodules and was receiving a
daily maintenance dose of 0.75 pg 1o-hydroxy-
vitamin D; (1a-OHDs), who acutely developed hyper-
calcemic crisis. Although vitamin D intoxication
was the most likely diagnosis in the present case,
the patient had been constantly taking a daily main-
tenance dose of 0.75 ug 1o-OHD;, which is within
the safe recommended range for osteoporosis (0.5-
1.0 pg/day)™. If a healthy patient with senile osteo-
porosis in the absence of renal dysfunction were to
develop hypercalcemic crisis solely by taking such

—455—



34

Alendronate
10OHD
- 1,25-(OH),D,
1.0 pg/day
18| .
16 | menatetrenone 45mg/day |
S 14l | etidronate 200mg (21days/3months) |
E’) -
E 127 Raloxifene (60mg)
S 10 T -
1S 1 2
2 8 180 ®
@ r Q
I 160 3
I I
4 i 0 =
[(a]
2[ 20 &
0- T T —// 7 7 0 7 T T T T T
Jul Aug Sep 1999 2000 2001 2002 2003 2004 2005 2006 2007

1998

Fig. 1 Clinical course of the patient with hypercalcemic crisis of undetermined origin
Dotted areas indicate the normal ranges of calcium (8.5-10.0 mg/dl) and intact PTH (10-65
pg/ml) levels. Serum calcium levels (mg/dl)( @—@ ). intact PTH ( O—O). Dotted line indi-
cates the sensitivity of the PTH assay (<5 pg/ml).

a dose of 1a-OHD,, it would be a grave concern for
numerous patients with osteoporosis. Therefore, we
investigated whether additional aggravating factor
{s) may have been involved in the development of
acute hypercalcemic crisis.
Case Reports

An otherwise healthy woman (born in 1919) with
senile osteoporosis and hypertension had been tak-
ing 10-OHD:; (0.75 ug/day, Alfarol, Chugai Pharma-
ceutical Co. Tokyo), calcium lactate (3 g/day), and
calcium-blockers for several years. At the begin-
ning of July 1998, lumbago developed and the pa-
tient was confined to bed. In a few days, she be-
came confused and disoriented, and was admitted
to an affiliated hospital of Tokyo Women's Medical
University in mid July. The patient had been com-
pletely compliant with the dose of medication and
denied any further prescription including vitamin
D, vitamin A, thiazide diuretics, thyroid hormone or
additional calcium supplements. On admission, she
was unconscious and dehydrated. The serum levels
of calcium, phosphate and albumin were 15.6 mg/dl,
48 mg/dl, and 4.0 g/dl respectively. Biochemical
data were not remarkable except for increased se-
rum levels of BUN (61.0 mg/dl) and creatinine (4.3

mg/dl). Unfortunately, the serum levels of intact
PTH and 1,25-(0OH).D were not determined on the
first day of admission. After administration of sa-
line, the serum calcium level decreased slightly to
145 mg/dl on the third hospital day, but the serum
level of intact PTH remained within the lower nor-
mal range (14 pg/ml, reference range 10-65 pg/ml),
whereas that of mid-regional PTH fragments
(highly sensitive PTH. HS-PTH, Yamasa Shoyu Di-
agnostics, Noda. Japan) was elevated to 1,000 pg/ml
(reference range 160-520 pg/ml).

After administration of a single dose of 10 mg al-
endronate (Onclast. Merck-Banyu, Tokyo), the se-
rum level of calcium decreased steadily, reaching
75 mg/dl on the ninth hospital day, accompanied by
amelioration of renal function (BUN 194 mg/dl, cre-
atinine 1.4 mg/dl). The patient’s renal function nor-
malized completely in early August. On the thir-
teenth hospital day. when the serum calcium level
had become normal (9.2 mg/dl), the serum level 25-
OHD was also normal (10.1 ng/ml, reference range;
9.0-339 ng/ml) and that of 1,25-(OH).D was de-
creased to 11 pg/ml (reference range; 27.568.7 pg/
ml). Serum levels of intact PTH and HS-PTH were
transiently increased to 69 pg/ml and 1.290 pg/ml,
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Fig. 2 Relationship between intact PTH and HS-PTH

Intact PTH and HS-PTH were determined in the same samples in 20 normal subjects, pa-
tients with idiopathic hypoparathyroidism (n=2), I°-HPT (n=32) and II°-HPT (n=18), the
present patient after the hypercalcemic crisis ( 4 ), and a patient with hyperparathyroidism
who developed spontaneous infarction of the parathyroid adenoma ( ¥ )(# at the time of
hypercalcemic crisis, ## in the hypocalcemic phase)”. Dotted line indicates reference ranges
of PTH. Shaded areas indicate the undetectable range (intact PTH <5 pg/mi, HS-PTH <160
pg/mi). O: normal subjects. ©: idiopathic hypoparathyroidism, @: I°-HPT, [1: II°-HPT.

respectively. The serum level of the N-terminal
fragment of PTHrP was not detectable (< 1.1 pmol/L).
Radiographic studies revealed no malignant lesion.
For further evaluation, the patient was referred to
our hospital in August, 1998.

The patient, who had kyphosis, was 132 cm in
height and weighed 51.2 kg. Serum levels of albu-
min calcium, phosphate, BUN and creatinine were
37 g/dl, 9.2 mg/dl, 36 mg/dl, 11.7 mg/dl and 0.86
mg/dl, respectively. The estimated glomerular fil-
tration rate [eGFR] according to the calculation for-
mula proposed by the Japan Nephrology Society
was about 73 ml/min. The patient had no protein-
uria, glucosuria or hematuria. Ultrasonographic ex-
aminations of the cervical region performed by an
experienced physician demonstrated several adeno-
matous nodules in the thyroid gland (27.0 x 23.7 X
174 mm in the central region and several 4-12 mm
nodules in the both lobes), but visualized no lesion
suggestive of a parathyroid adenoma. Although an

intrathyroidal parathyroid adenoma was suspected'”,
color flow Doppler sonography revealed no hyper-
vascular lesion. Despite extensive radiological ex-
aminations (systemic CT scans and MRI), no abnor-
mal lesion suggesting parathyroid adenoma was de-
tected in the cervical and thoracic region. Further-
more, *"Tc-MIBI scan demonstrated no suspicious
findings. Under a tentative diagnosis of hypercalce-
mic crisis of undetermined origin, the patient was
prescribed menatetrenone (45 mg/ day, Grakay,
Eizal Pharmaceutical Co., Tokyo, Japan)®, etidro-
nate (200 mg for 14 days per 3 months), amlodipine
(5 mg) and pravastatin (10 mg), and visited the out-
patient clinic monthly.

In summer 2000, the serum level of calcium in-
creased to 11.6 mg/dl, accompanied by a completely
suppressed level of intact PTH (<5 pg/ml). Al-
though malignancy-associated hypercalcemia was
suspected, anamnesis revealed that the patient had

visited a local physician and had been prescribed

—457—



36

Table Case reports of vitamin D intoxication with acute renal failure
Vi . A Serum Ca P Creatinine PTH 25-OHD 1.25-(OH):D Ref
itamin - Age (sex) (/) (mg/dl) (mg/d)) (pg/dl (ng/ml) (pg/ml) elerence
1. D3 63 (m) 15.3 ND 50 < 1 pmol/L 592 60.1 23
(8.8-10.6) (068-1.3) (1.3-7.6) (7.6-30.5 (12-56)
2. Ds 3M (m) 185 32 ARF <1 pg/ml 360 ND 24
8.9-10.1) (3.6-5.5) (8-74) (1040)
3. D+A 62 (m) 15.3 ND 372 1.3 pg/ml > 150 325 25
55 (f) 11.3 1.8 25 pg/ml > 150 479
(14-60) (16-74) (14-60)
4 D3 6M (D 168 6.0 ARF 1 pg/ml 340 44 26
9-11) (4.5-6.5) (8-70) (10-50) (2545)
5 D 16M (m) 180 34 ARF < 4 672 110 27
(8.3-10) 22-38 (10-55) (25-80) (22-67)
6 oCT 55 (m) 137 ND 25 < 4 pg/ml ND 309 28
7 OCT 53 (m) 138 44 37 < 5 pg/ml] ND 16.0 29
8. (—) 40 (f) 13.1 ND 34 < 5 pg/ml ND 120.7 30
(10-60) (20-60)
9 (—) 56 (m) 160 ND 44 34 247 111 31
(8.24-104) (0.89-1.70) (< 50) (76-41.9) (15.9-59.7)
Ds: cholecalciferol, A: vitamin A, OCT: 22-oxacalcitriol, ( — )*: patients with sarcoidosis without VD supplementation.

M: months, m; male, f: female, ND: not described, ARF: acute renal failure. Parentheses indicate reference range.

1o, 25-(OH).D; (rocaltrol, Chugai Pharmaceutical Co.)
at a daily dose of 0.5 ug/day, which the patient had
taken twice daily (1.0 ug/day). The serum level of
1.25-(OH).D was increased to 65 pg/ml (refer-
ence range 20-60 pg/ml). After withdrawal of 1,25-
(OH).D; the hypercalcemia disappeared immedi-
ately (Fig. 1), and the level of intact PTH increased
to 14 pg/ml (HS-PTH level was 190 pg/ml) in two
weeks, confirming that this hypercalcemia had
been due to vitamin D intoxication.

Since then, the patient’s clinical course has been
uneventful, and the serum levels of calcium, phos-
phate, and intact PTH have remained within the
normal ranges for the last 8 years. A number of
pancreatic pseudocysts that developed at the time
of acute hypercalcemic crisis disappeared com-
pletely'. In 2004, ultrasonographic studies revealed
that the largest nodule remained unchanged in size
but a couple of the nodules 4-6 mm in diameter
could not be identified. The patient debilitated by
age and passed away at the end of 2006.

Results

Since intact PTH was not suppressed in the pre-
sent patient despite marked hypercalcemia, we
measured the serum level of PTH using both an in-

tact PTH assay kit (Nichols Institute, USA) and a
HS-PTH assay kit (Yamasa Diagnostics. Chiba, Ja-
pan) at the same time in normal subjects (n = 20), idi-
opathic hypoparathyroidism (n = 2), and patients
with I'-HPT (n =20) and II"-HPT (n = 18). The former
kit measures mainly intact PTH (PTH 1-84) includ-
ing the C-terminal fragment (PTH 7-84)". Serum
samples were stored at —20C and analyzed simul-

18)

taneously using the HS-PTH assay kit™. This assay
kit uses an antibody (CH9) supplied by Slatopolsky
et al. and measures mainly mid-regional PTH frag-
19)

ments”. Although the precise PTH fragments rec-
ognized by the antibody are not specified, they
have a longer half-life (1-2 h)* than intact PTH (2-3
min)".

Serum levels of intact PTH and HS-PTH in
normal subjects, patients with hypoparathyroid-
ism and hyperparathyroidism, and 2 patients
with hypercalcemic crisis

As shown in Fig. 2. there was a good correlation
between the serum levels of intact PTH and HS-
PTH in normal subjects and patients with I-HPT
(y=103x +179). In normal subjects and patients
with I“HPT. the HS-PTH/intact PTH ratio was
97x22(n=20)and 11.8 7.0 (n =32, mean = SD) re-
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spectively, whereas it was increased to 55.8 * 26.7 in
patients with II"HPT (n = 18). It is noteworthy that
the level of intact PTH was within the lower normal
range (14 pg/ml) despite marked hypercalcemia
(145 mg/dl) in the present patient. The increased
ratio (71.4) of HS-PTH (1,000 pg/ml) to intact PTH
(14 pg/ml) would have been due to renal dysfunc-
tion associated with the hypercalcemic crisis, since
half-life of mid-regional PTH fragments was more
prolonged than that of intact PTH.

An increased ratio (56.3) of HS-PTH (620 pg/ml)
to intact PTH (11 pg/ml) was also found in a 67-
year-old woman with primary hyperparathyroidism
on the day of admission to our hospital (Fig. 2),
when renal function had become completely normal
(BUN 9.2 mg/d|, creatinine 0.80 mg/dl). This patient
had developed hypercalcemic crisis (serum calcium
15.2 mg/dl) with acute renal failure due to complete
infarction of a parathyroid adenoma (intact PTH
344 pg/ml, HS-PTH 12,900 pg/ml)".

Discussion

Usually, the most likely diagnosis in an osteo-
porotic woman who has been continuously taking
1o-OHD; and calcium is vitamin D intoxication .
However, the patient had been constantly compli-
ant with a maintenance dose of 10-OHD; (0.75 pg/
day) and oral calcium (055 g/day). Usually, osteo-
porotic women are prescribed 1a-OHD; at a daily
dose of 0.5-1.0 pg. Although mild to moderate hyper-
calcemia is sometimes evident at these doses in os-
teoporotic patients with renal failure, hypercalce-
mia is rare in those with normal renal function. Ac-
cording to Chugal Pharmaceutical Co. (Tokyo, Ja-
pan), more than 12 million people with postmeno-
pausal and senile osteoporosis have been prescribed
1o-OHD:; at a daily maintenance dose of 0.5-1.0 pg
since 1981. However, there has been no published
case report of 1a-OHD; at a daily dose of 0.75 ug/
day causing hypercalcemic crisis in osteoporotic pa-
tients with normal renal, hepatic and cardiac func-
tion. Therefore, it is very reasonable to speculate
that some additional factor(s) may have been in-
volved in the development of acute hypercalcemic
crisis in the present patient.

Since 1,25-(OH).D; suppress PTH release at the

37

transcriptional level, serum level of PTH is gener-
ally decreased to undetectable level in patients with
vitamin D intoxication. Indeed, the serum level of in-
tact PTH had decreased to below the normal or de-
tectable range in all patients with various forms of
vitamin D intoxication associated with acute renal
failure who recovered from it completely® ™ (Ta-
ble). This was also the case in patients with psoria-
sis vulgaris treated topically with massive 2-
oxacalcitriol (a vitamin D analogue)®. In such a hy-
percalcemic patient (13.8 mg/dl) with renal failure
(creatinine 3.7 mg/dl), the serum level of intact PTH
was suppressed to <5 pg/ml, and HS-PTH was also
decreased to the lower end of the reference range
(210 pg/ml)® (personal communication from Dr.
Nakayama M, Chubu Rosai Hospital). Furthermore,
in a hypercalcemic patient with sarcoidosis due to
overproduction of 1,25-(OH).D, in whom the serum
levels of calcium and creatinine increased to 13.1
mg/dl and 3.4 mg/dl, respectively, the serum level
of intact PTH was suppressed to <5 pg/ml”.
Therefore, the second hypercalcemia that devel-
oped in August 2000 was undoubtedly due to vita-
min D intoxication, since serum levels of 1,25-(OH).D
and intact PTH were increased and suppressed to
undetectable range, respectively.

In contrast to the second hypercalcemia, serum
level of intact PTH was not suppressed at the first
hypercalcemia. One of possible reasons for unsup-
pressed serum level of intact PTH despite of severe
hypercalcemia is the hysteresis phenomenon, in
which PTH is secreted at a slightly hypercalcemic
level during the period when hypercalcemia is re-
solving®™, however, it could not account for the non-
suppressed serum level of intact PTH (14 pg/ml),
since the observed threshold for PTH secretion dur-
ing the period when serum calcium is decreasing is
only around 2.75 mmol/L (11 mg/dl) in patients
with hypercalcemia receiving bisphosphonate®.

The non-suppressed serum level of intact PTH
together with an increased level of mid-regional
PTH fragments suggests that, despite marked hy-
percalcemia, a slightly excessive release of intact
PTH was still present on the third hospital day.
Therefore, although we were unable to demon-
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strate any distinct parathyroid lesion in the present
patient, it is possible that the hypercalcemia may
have become acutely exacerbated due to complete
infarction of an unidentified parathyroid adenoma,
The increased ratio (71.4) of HS-PTH (1,000 pg/ml)
to intact PTH (14 pg/ml) is compatible with renal
dysfunction associated with hypercalcemic crisis,
since the half-life of HS-PTH is 30 times longer than
that of intact PTH (2-3 min)".

It should be pointed out that, although the patient
developed lumbago and was confined to bed as in-
itial symptoms in July 1988, hypercalcemia due to

immobilization*

is unlikely for the following rea-
sons. First, the syndrome usually develops in child-
ren, adolescents, and young adults with high bone
turnover who are immobilized due to spinal cord in-
jury or large bone fractures. Secondly, serum levels
of intact PTH are completely suppressed to less
than 2 pg/ml at the time of immobilization hyper-
calcemia®®.

Although vitamin D (1¢-OHD;) was certainly at
least partly involved in the development of hyper-
calcemic crisis in the present patient, we speculate
that additional aggravating factor(s) may have been
involved. We speculate that one possibility was
spontaneous and complete infarction of parathyroid
adenoma that could not be detected by radiological
or ultrasonographic examinations. Although a cou-
ple of nodular lesions (4-6 mm) within the thyroid
gland were undetectable after 10 years, adenoma-
tous nodules frequently degenerate and decrease in
size™, although intrathyroidal parathyroid adenoma
could not be completely excluded'. Presumably,
transient excess PTH release together with oral in-
take of 1a-OHD; and calcium may have acutely and
synergistically increased the serum calcium concen-
tration, leading to acute hypercalcemic crisis in the
present patient. Although this scenario is highly
speculative, it should be stressed that when hyper-
calcemic patients are admitted, serum levels of in-
tact (or whole) PTH should be determined immedi-
ately at the peak of hypercalcemia, or before the
acute hypercalcemia begins to ameliorate or has
completely disappeared.
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HSROFHYUE 232 D (10-OHD;) ZWARSIC intact PTH S AR +5 &
BHANILMEY ) -2 E0 - BHEBRERED—F
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K F R R AR
R FEMRERERL V7 -
WEREKFERKRERERY ¥ 57— SRR

AL ERP R
4+ by wyj’ ¥ ¥y x o3 FEF # X3 ZL/- +
i B2 - HEMEE - R M -wK kR
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APTHREINERERE Y 3 2 (VD) (la-OHDs) 2, THFEFT4FMELU LD Y REICEHBEREIC
FRESNTVWE. LarLl, YSRTREHED 1o-OHD; (075 ug/day) # BFEIZHOAVARL T L2 A, &%
BAE (MiE7LV7F = (Cr) 34mg/dl) >\ P Vv A (Ca) MiES ) —¥ (M Cafll 156 mg/d) %
HEULIERAZRERLAOTHRET S, BERECARLLE, 2FMICHET 2 FRBRCEROBH %2
HEEPIFCREFRARO o7, ARBE S I CABENEIEKEY SEHEL, 3 H#% (F Cald5mg/
dD) \C#J5E L 72 intact PTH & 14 pg/ml (E# 1 10~65 pg/ml) Td -7z, Alendronate Sig#iEM%, Imi# Ca
fED CrEd BRMCIERLL 2. BEBIIFRICES LTV, 2F%BICHUHE Ca llfE (11.3 mg/dl) 254£ L
T &7z, Intact PTH i3 5 pg/ml UTFICHIB S NTE Y, EETLE S N7z 1,25 (0H).D: O:@FEI (1.0 pg/day)
WEBBEDO VDHHFETHH Z EDHB L. 1,25(0H). Dbk, 78 K TERET S F CMF CaflIIFICE
FHETHo/. BODOE CalllfEr )V —EORKE LT, —it VD (1a-OHD,) dhEdskb L Wvads, 075 ug PR
X BWMEFIIRD OV, T2, ChECHRESHZEM VD F#HER Tid 37X Tintact PTH #%5 pg/ml
UTiHEsh Tnwi-2e2EZRBTHE, BCallfEs ) —¥O—HE L THRER TIE—R%E D PTH AF 5
(B, BIFRIREDHREE L L) 5 L TWATEEDRESICEEETE 2. WTFRIZLTY, & Ca lfE
BEZBAIZE, ARYH (BCalENY—278) ICMiECa, V¥, BXUWintact PTHZHEL THEL Z
EVBETHA.
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