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Abstract

Background: Hypercalcemia is known to cause acute kidney injury (AKI). Literature related to hypercalcemic AKI is
predominantly in the form of case reports and case series. The purpose of this study is to find the incidence,
etiology, and course of hypercalcemia-induced AKI in a non-critical care setting. To our knowledge, this is the first
study done to look for the incidence, etiology, and course of hypercalcemia-induced AKI in a non-critical care
setting. This is a prospective observational study conducted in the Department of Medicine in a tertiary care center
from Jammu and Kashmir, India, from June 2010 to June 2012. Patients admitted with hypercalcemia were assessed
for AKI and evaluated and treated for hypercalcemia. Renal function was monitored during hospitalization and at 1
month of discharge. AKI and hypercalcemia were arbitrarily defined as serum creatinine > 1.5 mg/dl and corrected
serum calcium of ≥ 11.5 mg/dl (as per reference hospital lab), respectively.

Results: Thirty patients are included. Hyperparathyroidism and multiple myeloma accounted for 13(43.3%) and 10
(33.3%) cases, respectively. Mean ±SD corrected serum calcium at diagnosis and after treatment at 1 month was
13.56 ± 1.86 mg/dl and 9.49±1.35 mg/dl, respectively; p < 0.001. Mean ±SD serum creatinine at baseline and after
treatment of hypercalcemia was 2.87 ±1.68 mg/dl and 1.49±1.34 mg/dl, respectively; p < 0.001. Twenty-three (76.7%)
patients had AKI. AKI recovered after treating hypercalcemia in 25 (83.3 %) patients. Mean ± SD days taken for the
decrease in serum creatinine to ≤ 1.5 mg/dl was 8.28 ± 4.17 days. Mean ± SD serum creatinine after treatment of
hypercalcemia in hyperparathyroidism group versus non-parathyroid group was 0.97 ± 0.35 mg/dl and 1.88 ±1.67
mg/dl, respectively; p value 0.009.

Conclusions: Hypercalcemia is commonly associated with AKI. Primary hyperparathyroidism and multiple myeloma
account for the majority of the cases. Hypercalcemic AKI with primary hyperparathyroidism is less common and the
outcome is better, as compared to non-hyperparathyroidism-related causes. AKI is reversible in most cases.
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Background
Hypercalcemia is a relatively common clinically present-
ing problem with 90% of all cases accounted for by
primary hyperparathyroidism and malignancy. The dif-
ferential diagnosis of hypercalcemia consists of parathy-
roid hormone (PTH)-mediated hypercalcemia and non-
PTH-mediated hypercalcemia. Causes of PTH-mediated

hypercalcemia include primary hyperparathyroidism, fa-
milial hypocalciuric hypercalcemia, and ectopic PTH se-
cretion. Causes of non-PTH-mediated hypercalcemia
comprise vitamin D-mediated hypercalcemia (vitamin D
intoxication, lymphoma, granulomatous diseases), vita-
min A intoxication, hyperthyroidism, drug-induced hy-
percalcemia (hydrochlorothiazide, theophylline, and
lithium), immobilization, milk-alkali syndrome, adrenal
insufficiency, and humoral hypercalcemia of malignancy.
Hypercalcemia is known to decrease the glomerular
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filtration rate and cause acute kidney injury. Literature
related to hypercalcemia-induced AKI is predominantly
in the form of case reports and case series only. We
sought to study the incidence, etiological profile, and
course of hypercalcemia-induced AKI in a tertiary care
center in northern India. To our knowledge, the present
study is the first to describe the incidence, etiological
profile, and course of hypercalcemia-induced AKI in a
non-critical care setting

Methods
This is a prospective observational study conducted in
the Department of Medicine, in a tertiary care center
from Jammu and Kashmir, India. The study was con-
ducted from June 2010 till June 2012. All patients admit-
ted with documented hypercalcemia were assessed for
the presence of acute kidney injury and evaluated for the
cause of hypercalcemia. AKI and hypercalcemia were ar-
bitrarily defined as serum creatinine > 1.5 mg/dl (as per
the upper limit of the reference hospital lab) and cor-
rected serum calcium of ≥ 11.5 mg/dl (as per upper limit
of the reference hospital lab) respectively. The patients
were treated for hypercalcemia and renal function was
monitored during the hospital stay and at 1 month of
discharge. Serum creatinine was measured using the
modified Jaffe kinetic method. Serum iPTH was esti-
mated using solid-phase two-site chemiluminescent
enzyme-labeled immunometric assay [1] and 25-OH Vit
D was estimated using solid-phase ELISA [2]. All data
are presented as mean ± SD. Dependent non-parametric
data is analyzed by Wilcoxon’s matched-pair signed-
rank test. Mann-Whitney U test is used for nonparamet-
ric independent data. The p value of < 0.05 is taken as
significant. Statistical analysis is done using SPSS version
25.

Results
Thrity patients were included in the study. Men and
women accounted for 11 (36.7%) and 19 (63.3%) of all
the cases, respectively. The mean age at presentation
was 50.87 ± 13.96 years. The most common presenting
symptom was generalized weakness in 66.7% of patients
followed by anorexia and bony pains in 56.7% and
46.7%, respectively. 23.3% of patients had pathological
fractures. The symptoms were present in multiples. Pri-
mary hyperparathyroidism was the most common cause
of hypercalcemia, followed by multiple myeloma, ac-
counting for 13 (43.3%) and 10 (33.3%) of cases, respect-
ively (Table 1). Mean ±SD corrected serum calcium at
diagnosis and after treatment at 1 month was 13.56 ±
1.86 mg/dl and 9.49±1.35 mg/dl, respectively; p < 0.001.
Mean ± SD serum creatinine at baseline and after treat-
ment of hypercalcemia at 1 month was 2.87 ± 1.68 mg/dl
and 1.49 ± 1.34 mg/dl, respectively; p < 0.001 (Table 2).

Twenty-three (76.7%) patients had AKI, defined as
serum creatinine > 1.5 mg/dl. After treatment of hyper-
calcemia, serum creatinine decreased to ≤1.5 mg/dl in 25
(83.3 %) patients. Mean ±SD days taken for the decrease
in serum creatinine to ≤1.5 mg/dl was 8.28 ±4.17 days
with a median of 7.50 days. AKI was seen in 10/10
(100%) patients with multiple myeloma and 6/13 (46.2%)
patients with hyperparathyroidism. AKI resolved (de-
crease in serum creatinine to ≤1.5 mg/dl) after treatment
of hypercalcemia in 5/6 (83.3%) and 8/10 (80 %) cases of
hyperparathyroidism and multiple myeloma, respect-
ively. After treatment of hypercalcemia 92.3% of patients
with primary hyperparathyroidism had normal renal
functions. Serum creatinine decreased with the decrease
in serum calcium in all but one patient. Primary hyper-
parathyroidism was due to parathyroid adenoma in 12/
13 patients and parathyroid carcinoma in 1/13 patients.
Mean ±SD serum calcium before treatment in the pri-
mary hyperparathyroidism group and the non-
parathyroid group was 14.39 ±2.39 mg/dl and 12.97±
1.15 mg/dl, respectively; p value 0.98. Mean ±SD serum
calcium after treatment in the primary hyperparathyr-
oidism group and the non- parathyroid group was 8.88±
1.32 mg/dl and 9.98±1.22 mg/dl, respectively; p − 0.02.
Mean ±SD serum creatinine before treatment in the pri-
mary hyperparathyroidism group and the non- parathy-
roid group was 2.04±1.58 mg/dl and 3.49±1.51mg/dl
respectively;(p- 0.009). Mean ±SD serum creatinine after
treatment in the hyperparathyroidism group and the
non-parathyroid group was 0.97±0.35 mg/dl and 1.88±
1.67 mg/dl, respectively; p 0.009. Results are summarized
in Tables 3 and 4.

Discussion
Hypercalcemia is associated with acute kidney injury.
The reversible decrease in glomerular filtration rate in
severe hypercalcemia is thought to be mediated in part
by direct renal vasoconstriction. This has been shown in
a study comparing renal blood flow and glomerular fil-
tration rates in hypercalcemic and normocalcemic rats
[3]. Besides, a defect in urinary concentrating ability,
leading to polyuria and polydipsia, results in volume de-
pletion, contributing further to worsening of kidney
function. This is thought to be due to the

Table 1 Etiological distribution of hypercalcemia

Etiology No of patients (%)

Primary hyperparathyroidism 13 (43.3)

Multiple myeloma 10 (33.3)

Vit D toxicity 5 (16.7)

Pulmonary tuberculosis 1 (3.3)

Acute leukemia 1 (3.3)
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downregulation of aquaporin 2 (AQP2) water channels
in the collecting tubules [4] and tubulointerstitial injury
caused by calcium deposition in the medulla [5]. In
addition, activation of the calcium-sensing receptors
present on the basolateral membrane of the thick as-
cending limb of the loop of Henle reduces calcium and
sodium chloride reabsorption in the loop of Henle [6, 7].
AKI caused by hypercalcemia is usually reversible with
volume expansion with saline solution and lowering of
serum calcium concentration.
Our study enrolled 30 patients. The commonest pre-

senting symptom was a generalized weakness in 66.7%
of patients followed by anorexia and bony pain in 56.7%
and 46.7%, respectively. Polyuria and constipation were
present in 33.3% and 26.67% of patients, respectively.
23.3% of patients had pathological fractures. Mental
changes in the form of irritability and confusion were
seen in 10% of patients. The symptoms were present in
multiples. The symptoms were non-specific, and in al-
most all, the diagnosis of hypercalcemia was not consid-
ered until the blood work revealed hypercalcemia.
Primary hyperparathyroidism is the most common

cause of hypercalcemia in the community. It is caused
by a single adenoma in about 85% of cases, with hyper-
plasia of all four parathyroids in 10% to 15% and with
carcinoma in less than 2% [8]. In our study, also, pri-
mary hyperparathyroidism was the most common cause
of hypercalcemia accounting for 43.3% of total cases. In
12/13 cases, primary hyperparathyroidism was due to
solitary parathyroid adenoma. One of 13 patients had
parathyroid carcinoma. In our study, 76.7% of patients
developed AKI. A study done by Cyril Mousseaux et al.
[9], showed hypercalcemia-associated AKI in 82.4% of
cases. The median age was 58.5 years as against 53 years
in our study. Hematological malignancies accounted for

44.3% of all cases as against 36.6% in our study. The
study by Cyril Mousseaux et al. [9] was done in an ICU
setting which is possibly the reason for the higher inci-
dence of AKI and higher no of patients with malignan-
cies. A retrospective study done by Miguel Moysés-Neto
et al. [10] on 8 patients with hypercalcemia and acute
kidney injury, showed improvement in renal functions in
all patients after treatment of hypercalcemia. The me-
dian time taken for renal recovery was 10.5 days. In our
study, all but one patient showed a decrease in serum
creatinine following treatment of hypercalcemia. The pa-
tient had multiple myeloma as the cause of his hypercal-
cemia and possibly had paraproteinemia-related kidney
disease as the predominant cause of renal dysfunction.
The median time taken for renal recovery in our study
was 7.50 days. The possible reason for faster recovery in
our study was the use of bisphosphonates, in addition to
supportive treatment, which was not used in the study
done by Miguel Moysés-Neto et al. [10].
In patients with multiple myeloma-associated hyper-

calcemia, renal failure was seen in 100% of cases. A
study on 56 patients with myeloma and severe renal fail-
ure identified hypercalcemia or a nonsteroidal anti-
inflammatory agent as a potential precipitant of renal
failure in 43% of the cases [11]. Incidence of AKI was
less with primary hyperparathyroidism-related hypercal-
cemia as compared to non-hyperparathyroidism-related
hypercalcemia. Similar findings were reported by Lins
LE [12]. Furthermore, renal recovery was significantly
better with hyperparathyroidism-related hypercalcemic
AKI as compared with non- hyperparathyroidism-related
hypercalcemic AKI. This is possible because most of the
non-hyperparathyroidism-related AKI in our study were
secondary to multiple myeloma and Vit-D toxicity. Pa-
tients with multiple myeloma have additional

Table 2 Distribution of serum calcium and serum creatinine before and after treatment of hypercalcemia

Before treatment After treatment p value

Corrected serum calcium mean ±SD (mg/dl) 13.59 ±1.86 9.49 ±1.35 < 0.001

Serum creatinine mean ±SD (mg/dl) 2.87 ±1.68 1.49 ±1.34 < 0.001

Table 3 Distribution of diagnosis with renal function before and after treatment of hypercalcemia

Etiology Before treatment creatinine
≤1.5mg/dl

Before treatment creatinine
> 1.5 mg/dl

After treatment creatinine
≤1.5mg/dl

After treatment creatinine
> 1.5mg/dl

Primary
hyperparathyroidism

7 (53.8%) 6 (46.2) 12 (92.3) 1 (7.7)

Multiple myeloma 0 10 (100) 8 (80) 2 (20)

Vit D toxicity 0 5 (100) 3 (60) 2 (40)

Pulmonary
tuberculosis

0 1 (100) 1 (100) 0

Acute leukemia 0 1 (100) 1 (100) 0

Total 7/30 (23.3) 23/30 (76.7) 25/30 (83.3) 5/30 (16.7)

Figures in parenthesis represent the percentage
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mechanisms in the form of paraproteinemia-related
kidney disease, NSAID use, and susceptibility to infec-
tions, in addition to hypercalcemia that might give
rise to renal dysfunction. Patients with Vit D toxicity
invariably have NSAID exposure for chronic pains
and aches which increases the risk for hypercalcemia-
induced AKI. All patients with primary hyperparathyr-
oidism in our study underwent surgical intervention
with rapid and sustained correction of serum calcium
which might be the reason for a better outcome of
AKI in primary hyperparathyroidism. Treatment for
hypercalcemia was directed based on the etiology of
hypercalcemia. All patients in our study received 0.9%
saline infusion. The rate of infusion was based on the
hydration status of the patient and the 24-h fluid bal-
ance, to avoid the risk of volume overload in patients
with advanced renal dysfunction. All 13 patients with
primary hyperparathyroidism underwent parathyroid-
ectomy. Vitamin D supplements were stopped in all
patients with proven vitamin D toxicity. Three pa-
tients with Vit-D toxicity-related hypercalcemia re-
ceived steroids, and one patient received zoledronic
acid (modified dose) in addition to normal saline in-
fusion and steroids. Steroids were given in the form
of oral prednisolone at the dose of 1 mg/kg body-
weight for 4 weeks and were subsequently tapered
over the next 4 weeks. All patients receiving steroids
were given septran prophylaxis. Four of 10 patients
with multiple myeloma received chemotherapy. Five
of 10 received modified dose zoledronic acid infusion.
Zoledronic acid was given at the dose of 2 mg diluted
in 100 cc of normal saline slowly iv over 2 h. Patient
with pulmonary tuberculosis received normal saline
infusion and was started on modified dose antituber-
cular treatment. A patient with acute leukemia was
initiated on chemotherapy.
There are certain limitations to this study. First, the

number of patients included in the study is small. Sec-
ond, we do not have any follow-up of patients beyond 1
month. Third, we don’t have kidney biopsy data to de-
termine the cause of persistent renal dysfunction in 5
patients. A bigger study would be required to confirm
the findings of our study.

Conclusions
Hypercalcemia is commonly associated with AKI. Pri-
mary hyperparathyroidism and multiple myeloma ac-
count for the majority of cases. Hypercalcemic AKI with
primary hyperparathyroidism is less common and the
outcome is better, as compared to non-
hyperparathyroidism-related causes. AKI is reversible in
most cases.
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