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Summary
AIMS OF THE STUDY: To investigate the prevalence of
hypercalcemia (>2.60 mmol/l) and severe hypercalcemia
(≥2.80 mmol/l) on admission. Symptoms, causes, course
of serum calcium, treatment and outcome of severe hyper-
calcemia were evaluated and compared to historical data
from previous studies.

METHODS: In this retrospective cohort study, all patients
presenting to the interdisciplinary emergency department
of the Buergerspital Solothurn between 01 January 2017
and 31 December 2020 with measurements of serum cal-
cium were included. Chart reviews were performed for pa-
tients with calcium ≥2.80 mmol/l to assess clinical pre-
sentation, course of disease and treatment for severe
hypercalcemia.

RESULTS: Of 31,963 tested patients, 869 patients (2.7%)
had hypercalcemia on the admission, of which 161 had
severe hypercalcemia. Non-albumin corrected calcium
was 3.07 (0.32) while albumin corrected calcium was 3.34
(0.44). Calcium was higher in patients with malignancy-
related hypercalcemia (3.18 [0.34] versus 3.00 [0.3], p
<0.001). Neuropsychiatric (35%) and gastrointestinal
(24%) were the leading symptoms. Malignancy was the
most common identifiable cause of hypercalcemia (40%),
with lung cancer (20%), multiple myeloma (14%) and renal
cell carcinoma (11%) being the main cancer types. 36%
of patients with severe hypercalcemia took calcium sup-
plements. Bisphosphonate treatment was an independent
predictor of a fall in calcium until day 5 (regression coef-
ficient: –0.404, standard error 0.11, p <0.001). Hypercal-
cemia was not mentioned in the final discharge report in
38% of cases.

CONCLUSION: Severe hypercalcemia is common and
malignancy-related in almost half of the cases. Neuropsy-
chiatric and gastrointestinal symptoms were most preva-
lent. Awareness of hypercalcemia, particularly in cancer
patients and those with known triggering factors, should
be raised in order to identify and treat this harmful disorder
early.

Introduction

Electrolyte disorders are common and relevant findings in
patients presenting to the emergency department [1]. While
dysnatremias, especially hyponatremia, and dyskalemias
are rather well investigated, evidence on disorders of
serum calcium is scarce, even though abnormal calcium
levels on admission were associated with increased mortal-
ity in hospitalised patients [2, 3].

Calcium is the most abundant cation in the extracellular
space, with approximately 99% being bound in bones and
teeth [4]. On the contrary, only 1% of the body's calcium is
found in the blood, of which 40% is bound to protein, 10%
to organic anions and approximately 50% freely circulat-
ing in its ionised form [4]. Normal levels for ionised blood
calcium are defined as 1.10–1.40 mmol/l and total calcium
is often defined between 2.20 and 2.60 mmol/l [5]. Conse-
quently, hypercalcemia can be defined by a rise in serum
calcium >2.60 mmol/l, whereas severe hypercalcemia was
defined by a rise in serum calcium >2.80 mmol/l [2].

Besides the crucial function of giving and maintaining
form to teeth and bone, calcium acts as a cofactor for en-
zymes such as the adenosine-triphosphatase. [4]. It also
acts as a second messenger to stimuli from surface cell
receptors [6]. Additionally, calcium is an important co-
factor in muscle contraction, the coagulation cascade and
the cardiac conduction system [7, 8]. Given the multiple
central functions of calcium in the body, it comes as no
surprise that disorders of serum calcium can be highly
symptomatic and have several potentially life-threatening
effects. Gastrointestinal symptoms of hypercalcemia range
from nausea, anorexia and constipation to peptic ulcers and
pancreatitis [9–11]. Neuropsychiatric symptoms of hyper-
calcemia include mood disorders and cognitive changes,
disorientation and somnolence [11, 12]. Hypercalcemia al-
so shortens the cardiac QT interval and ST segment eleva-
tions have been described [13, 14]. Muscular weakness is
a common symptom associated with hypercalcemia, which
has also been shown to be reversible in patients with pri-
mary hyperparathyroidism after surgery [15]. Other conse-
quences of hypercalcemia include nephrolithiasis and renal
insufficiency [16–18].
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Unfortunately, although hypercalcemia is frequently en-
countered in daily clinical practice and despite the fact that
it has potentially dangerous consequences for the patient,
there is a scarcity of data from larger case series. In several
case reports, severe hypercalcemia was associated with di-
hydrotachysterol intoxication [19], the combination of vit-
amin A and hydrochlorothiazide [20], hematologic malig-
nancies [21], sarcoidosis [22] and severe dehydration [23].

This study aimed to evaluate the prevalence of hyper-
calcemia and severe hypercalcemia on admission to the
emergency department. Furthermore, the main symptoms,
clinical findings, etiologies and initial management of hy-
percalcemia in the emergency department were investi-
gated. Finally, as an outcome measure, hospital course in
terms of calcium correction rate, need for ICU admission,
length of hospital stay and in-hospital mortality were as-
sessed along with an assessment of the various treatments
for hypercalcemia.

Patients and methods

Study design and setting

In this retrospective analysis, all adult patients admitted to
the interdisciplinary emergency department of the Buerg-
erspital Solothurn between January 1st 2017 and December
31st 2020 with measurements of serum calcium were eli-
gible for analysis. Patients with hypercalcemia defined by
serum calcium >2.60 mmol/l on admission to the emer-
gency department were included in the analysis [2]. Of
those with severe hypercalcemia, defined as a serum calci-
um ≥2.80 mmol/l, detailed chart reviews were performed.
Exclusion criteria were age <18 years and written or verbal
withdrawal of consent.

Measurements

Data on age, sex, on-admission medication, medical histo-
ry and clinical findings, serum sodium, calcium, creatinine
and albumin, parathyroid hormone (PTH), ICU admission,
length of hospital stay and in-hospital mortality were as-
sessed by chart reviews. Treatment of hypercalcemia was
assessed within 24 hours after emergency department ad-
mission and serum calcium levels were analysed daily
from hospitalisation day 1 to 5 and at discharge. Detailed
chart reviews were performed by the same two persons in
order to gather details on the treatment as well as course
of disease. Correction of serum calcium for serum albumin
was performed as suggested previously [24].

Symptoms attributable to hypercalcemia

Symptoms attributable to hypercalcemia were classified
as neuropsychiatric (disorientation, delirium, somnolence,
coma), gastrointestinal (nausea, emesis, constipation) or
musculoskeletal (weakness, pain).

Statistical analysis

Data are presented as mean and standard deviation (SD)
or median and interquartile range as appropriate. Between-
group comparisons of continuous variables were per-
formed using Mann-Whitney U tests. Categorical variables
were compared using the χ2 test or Fisher’s exact test. Lin-
ear regression was used to evaluate the effect of different

treatments on delta serum calcium. A p-value <0.05 was
considered significant. All statistics were calculated using
SPSS version 28 by IBM, Armonk, NY.

Ethical considerations

The study was approved by the local ethics committee
Ethikkommission Nordwest- und Zentralschweiz and the
need for individual patient consent was waived (EKNZ
2021-02186).

Results

During the study period, 31,963 patients had measure-
ments of serum calcium on admission, of which 869
(2.7%) had serum calcium levels exceeding 2.60 mmol/l.

During the observation period, 170 cases of severe hy-
percalcemia were identified with on-admission serum total
calcium levels of ≥2.80 mmol/l. Albumin levels were mea-
sured in 120 cases and after application of the albumin cor-
rection formula (24), 9 patients were excluded in the fi-
nal analysis due to corrected serum calcium levels <2.80
mmol/l.

Of the 161 presentations from 142 patients, 126 patients
had one episode of hypercalcemia, 14 patients had two and
one patient had three and four presentations with hypercal-
cemia, respectively. The mean age of the patients with se-
vere hypercalcemia was 69 years (15) and 89 (63%) were
women.

Of all 161 episodes with severe hypercalcemia, mean non-
albumin corrected calcium on admission was 3.07 (0.32)
while albumin corrected calcium was 3.34 (0.44). PTH
level measured during hospitalisation was available in 66
patients with a mean of 10.1 (13) pmol/l. The characteris-
tics of patients with severe hypercalcemia on admission are
given in table 1.

Symptoms attributable to hypercalcemia

In 57 episodes (35%) of severe hypercalcemia, neuropsy-
chiatric symptoms were present on admission. Gastroin-
testinal symptoms were leading in 39 episodes (24%) and
musculoskeletal symptoms in 7 (4%) episodes. 58 episodes
(36%) were characterised by unspecific general deteriora-
tion characterised by malaise or other symptoms not clear-
ly attributable to hypercalcemia.

Causes of hypercalcemia

In 145 episodes (90%), a cause for hypercalcemia could
be identified, while in 22 episodes (14%) two and in two
episodes three different causes (2%) were identified.

In 64 cases, malignancy was the identifiable cause for se-
vere hypercalcemia (40%) with lung cancer in 13 (20%),
multiple myeloma in 9 (14%) and renal cell carcinoma in
7 (11%) patients. Primary hyperparathyroidism could be
identified in 35 patients (22%) as the leading cause for
hypercalcemia. The next most prevalent provoking factors
for hypercalcemia after malignancy were thiazide (-like)
diuretics in 29 (18%) and dehydration in 14 (9%) cases.
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In addition, 58 patients (36%) had vitamin D substitution
and 26 (16%) had calcium supplements as a regular med-
ication.

Patients with hypercalcemia due to malignancy had sig-
nificantly higher serum calcium levels on admission (3.00
(0.32) versus 3.20 (0.34), p <0.001). Serum calcium levels
along with available PTH levels stratified for the cause of
hypercalcemia for the 5 most prevalent etiologies are given
in table 2.

Course of serum calcium and treatment of hypercal-
cemia

Follow-up serum calcium levels were available for 107 pa-
tients for day 1, 85 for day 2, 77 for day 3, 54 for day 4 and
55 for day 5. Mean serum calcium on admission was 3.07
(0.32) mmol/l, while the mean last measured serum calci-
um before discharge available in 121 cases was 2.41 (0.27)
mmol/l. Mean decline in serum calcium from admission to
the last measurement was 0.35 (0.31). 8 out of 121 patients
(7%) with serum calcium controls had no decline in serum
calcium or even a slight increase. 23 patients (19%) still
had serum calcium levels ≥2.80 mmol/l at the last measure-
ment before discharge.

Calcium on admission was significantly higher in patients
with malignancy versus those with non-malignancy-relat-
ed hypercalcemia (3.18 (0.34) versus 3.00 (0.3), p <0.001).
There was no difference in delta serum calcium between
patients with malignancy-associated hypercalcemia and
those with other causes (0.36 (0.3) versus 0.35 (0.32)

mmol/l, p = 0.63). There was also no difference in the
proportion of patients with serum calcium remaining ≥2.8
mmol/l between malignancy- and non-malignancy-associ-
ated hypercalcemia (24 versus 15%, p = 0.35).

Data on the course of serum calcium is given in table 3.

In terms of treatment, 148 patients (92%) received intra-
venous hydration during the first 24 hours after admission.
The mean volume substitution administered intravenously
during the first 24 hours was 1595 (1453) ml. An isotonic,
balanced crystalloid was used for hydration in 118 patients
(73%), 0.9% saline in 24 (15%), 1.4% sodium bicarbonate
in two (1%) and a combination of a balanced crystalloid
and 1.4% sodium bicarbonate in two patients (1%).

In addition to hydration, 26 patients (16%) received a bis-
phosphonate (24 zoledronate, 2 ibandronate) at a dose of 4
mg intravenously. 25 patients (16%) were treated with loop
diuretics (furosemide) at a mean daily dose of 37 mg (19)
during the first 24 hours after admission. Calcitonin was
applied in 17 patients (11%) at a dose of 331 units (210).
Table 4 gives an overview of the treatments used for severe
hypercalcemia.

In the linear regression using delta serum calcium after 24
hours as the dependent variable, administration of a loop
diuretic was an independent predictor of a higher fall of
serum calcium (regression coefficient: –0.135, standard er-
ror 0.061, p = 0.033). When using delta serum calcium un-
til day 5 after admission as a dependent variable, admin-
istration of bisphosphonates was an independent predictor
of a fall in serum calcium (regression coefficient: –0.404,
standard error 0.11, p <0.001).

Table 1:
Characteristics of patients with severe hypercalcemia on admission.

Parameter Mean (SD) N

Age (years) 69 (15) 161

Blood pressure systolic (mm Hg) 136 (24) 149

Blood pressure diastolic (mm Hg) 80 (18) 149

Pulse rate (beats/min) 90 (21) 152

Temperature (°C) 36.5 (0.7) 147

SpO2 (%) 95 (4) 152

Serum calcium (mmol/l) 3.07 (0.32) 161

Albumin-corrected calcium (mmol/l) 3.34 (0.44) 111

Hemoglobin (g/l) 131 (25) 156

Serum sodium (mmol/l) 137 (11) 161

Serum potassium (mmol/l) 4.1 (0.9) 161

Creatinine (µmol/l) 137 94) 161

TSH (mlU/l) 1.96 (1.6) 118

Table 2:
Serum calcium and PTH levels of patients with the five most common causes of hypercalcemia.

Cases Serum calcium (SD) PTH (SD)

Malignancy 64 3.18 (0.34) 3.6 (12.7) (N=29)

Thiazide (-like) diuretics 29 3.02 (0.38) 7.6 (16.2) (N=12)

Dehydration 14 3.02 (0.3) 3.3 (0.1) (N=2)

Oral calcium supplements 11 3.03 (0.3) 6.2 (5.0) (N=7)

Sarcoidosis 5 3.52 (0.3) 1.2 (0.6)

Table 3:
Course of serum calcium (in mmol/l) during hospitalisation.

Admission Day 1 Day 2 Day 3 Day 4 Day 5 Last measurement before discharge

N 161 107 84 76 54 55 121

Serum calcium (SD) 3.07 (0.32) 2.92 (0.38) 2.80 (0.38) 2.72 (0.31) 2.64 (0.33) 2.60 (0.32) 2.41 (0.27)

Serum calcium fall (SD) – 0.16 (0.18) –0.08 (0.12) 0.14 (0.22) 0.15 (0.08) 0.03 (0.06) 0.35 (0.31)
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Outcome of hypercalcemia

27 patients (17%) received intermediate/intensive care unit
treatment during their hospital stay. 25 patients (16%) died
during the course of hospitalisation. In addition, recurrent
visits with hypercalcemia were noticed in 47 cases (29%)
during the following 365 days after the initial presentation.
Hypercalcemia was not mentioned in the discharge report
in 61 cases (38%).

Discussion

In the present study, the prevalence of hypercalcemia on
admission to the emergency department was 2.7% and
approximately 20% of hypercalcemic patients had severe
hypercalcemia defined as a serum calcium exceeding or
equaling 2.8 mmol/l after correction for serum albumin.
Neuropsychiatric and gastrointestinal symptoms were the
leading presentations of severe hypercalcemia. However,
one-third of all patients with severe hypercalcemia had a
rather unspecific clinical presentation. Malignancy was the
main cause of severe hypercalcemia in our case series.
Treatment mainly consisted of intravenous hydration and
bisphosphonate, loop diuretics and calcitonin were used
frequently. As to be expected, mortality was high in pa-
tients with severe hypercalcemia.

Although hypercalcemia is a common phenomenon in cer-
tain patient populations, there is a lack of studies on its
prevalence, associated symptoms and optimal therapy. On-
cologic studies indicated that that about 2–3% of all cancer
patients were affected by hypercalcemia, with rates as high
as 10% in patients with multiple myeloma [25]. In a retro-
spective study on an unselected population of hospitalised
patients, the prevalence of hypercalcemia was 4.7%, with
more cases in the group of patients aged over 65 years [26].

Concerning the causes of hypercalcemia, the present find-
ing that 40% of cases with severe hypercalcemia were re-
lated to malignancy stands in line with previous studies
[11, 27]. Interestingly, in the present study, more than one-
third of the patients with severe hypercalcemia had oral
calcium substitution on admission to the emergency de-
partment, and 16% had vitamin D supplements. Moreover,
the use of thiazide (-like) drugs was common, potentially
further aggravating hypercalcemia in these patients. The
phenomenon of hypercalcemia in patients on thiazide (-
like) diuretics is well described and it was found to be often
related to underlying primary hyperparathyroidism [28].
However, taking a thiazide (-like) diuretic in combination
with oral calcium supplements can induce hypercalcemia
without underlying hyperparathyroidism [29]. Regarding

the findings of the present study, the level of suspicion
for hypercalcemia should be high in patients with other-
wise unexplained symptoms and underlying malignancy or
a combination of provoking factors for increased serum
calcium. Thus, the determination of serum calcium or al-
ternatively ionised calcium by blood gas analysis should
be performed more liberally in patients presenting to the
emergency department.

Another interesting finding of the present study is that al-
though serum calcium was higher on admission in patients
with malignancy-related hypercalcemia, the correction rate
was comparable to non-malignancy-related cases.

Concerning the treatment of hypercalcemia, only bispho-
sphonate use was independently associated with a higher
fall in serum calcium until day five, although loop diuretic
use during the first 24 hours was a significant predictor of
higher 24 hour delta serum calcium, this stands in line with
a previous study [10].

Intriguingly, hypercalcemia was not mentioned in 38% of
all cases in the final medical report. This indicates a rel-
evant lack of awareness of this common and potentially
harmful electrolyte disorder.

Comparing the current results to a previous work of our
group ten years ago in a comparable setting, several dif-
ferences are notable: Firstly, the current study aimed to fo-
cus on more severe cases of hypercalcemia with a cut-off
of ≥2.8 mmol/l. Secondly, in the previous work, the preva-
lence of hypercalcemia on admission was lower at 0.7%
compared to 2.7% today [11]. However, it is of interest,
that today with close to 50% by far a higher proportion
of patients received measurement of serum calcium than
in the past, where we found a proportion of approximate-
ly 20% [11]. As outlined above, the causes for hypercal-
cemia found in the present study are in line with our previ-
ous findings [11].

The present study has several limitations: due to its retro-
spective design, we cannot exclude that information, which
was not documented in the electronic patient charts result-
ed in missing data. Moreover, the determination of serum
calcium occurred at the discretion of the emergency de-
partment physician in charge, thus the true prevalence
might vary – however, due to the large sample size and the
comparability of our results, we consider this effect negli-
gible. Finally, external validity is limited due to the single
center design of the current analysis.

In conclusion, hypercalcemia is frequently encountered in
the emergency department. Especially in patients with un-
derlying malignancy as well as a combination of provoking

Table 4:
Treatment of hypercalcemia on admission.

N (%) Mean dose (SD)

Intravenous hydration Balanced crystalloid 118 (73%) 1406 ml (1480)

Saline 0.9% 24 (15%) 1611 ml (1453)

Sodium bicarbonate 1.4% 2 (1%) 2250 ml (915)

Balanced crystalloid + Sodium bicarbonate 1.4% 2 (1%) 2250 ml (827)

Bisphosphonate 26 (16%) 4 mg (0) for zoledronate, 3 mg (0) ibandronate

Loop diuretics 25 (16%) 37 mg (19)

Calcitonin 17 (11%) 331 U (210)

Glucocorticoids 9 (6%) 45 mg (44)

Denosumab 2 (1%) 90 mg (42)

Cinacalcet 2 (1%) 30 mg (0)
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factors such as calcium substitution and for example, thi-
azide diuretics, the level of suspicion for hypercalcemia
should be high in presence of unspecific and otherwise un-
explained symptoms. Bisphosphonates proved to be a rel-
evant treatment option for the correction of hypercalcemia
in hospitalised patients without side effects.

Data availability

Datasets analysed during the current study are not publicly
available but are available from the corresponding author
on reasonable request.

Author contributions
SR: conception of the study, database design, analysis and interpreta-
tion, manuscript draft. AL: data gathering, manuscript draft. AE: man-
uscript draft. MH: manuscript draft. GL: conception of the study, data-
base design, analysis and interpretation, manuscript draft.

Potential competing interests
All authors have completed and submitted the International Committee
of Medical Journal Editors form for disclosure of potential conflicts of
interest. No potential conflict of interest was disclosed.

References
1. Arampatzis S , Funk GC , Leichtle AB , Fiedler GM , Schwarz C , Zim-

mermann H , et al. Impact of diuretic therapy-associated electrolyte dis-
orders present on admission to the emergency department: a cross-sec-
tional analysis. BMC Med. 2013 Mar;11(1):83. http://dx.doi.org/
10.1186/1741-7015-11-83.

2. Akirov A , Gorshtein A , Shraga-Slutzky I , Shimon I . Calcium levels
on admission and before discharge are associated with mortality risk in
hospitalized patients. Endocrine. 2017 Aug;57(2):344–51.
http://dx.doi.org/10.1007/s12020-017-1353-y.

3. Cheungpasitporn W , Thongprayoon C , Mao MA , Kittanamongkol-
chai W , Sakhuja A , Erickson SB . Impact of admission serum calcium
levels on mortality in hospitalized patients. Endocr Res.
2018 May;43(2):116–23. http://dx.doi.org/10.1080/
07435800.2018.1433200.

4. Tonon CR , Silva TA , Pereira FW , Queiroz DA , Junior EL , Martins D
, et al. A Review of Current Clinical Concepts in the Pathophysiology,
Etiology, Diagnosis, and Management of Hypercalcemia. Med Sci
Monit. 2022 Feb;28:e935821. http://dx.doi.org/10.12659/MSM.935821.

5. Basso SM , Lumachi F , Nascimben F , Luisetto G , Camozzi V . Treat-
ment of acute hypercalcemia. Med Chem. 2012 Jul;8(4):564–8.
http://dx.doi.org/10.2174/157340612801216382.

6. Endo M . Calcium ion as a second messenger with special reference to
excitation-contraction coupling. J Pharmacol Sci. 2006;100(5):519–24.
http://dx.doi.org/10.1254/jphs.CPJ06004X.

7. Kuo IY , Ehrlich BE . Signaling in muscle contraction. Cold Spring
Harb Perspect Biol. 2015 Feb;7(2):a006023. http://dx.doi.org/10.1101/
cshperspect.a006023.

8. Landstrom AP , Dobrev D , Wehrens XH . Calcium Signaling and Car-
diac Arrhythmias. Circ Res. 2017 Jun;120(12):1969–93.
http://dx.doi.org/10.1161/CIRCRESAHA.117.310083.

9. Carnaille B , Oudar C , Pattou F , Combemale F , Rocha J , Proye C .
Pancreatitis and primary hyperparathyroidism: forty cases. Aust N Z J
Surg. 1998 Feb;68(2):117–9. http://dx.doi.org/10.1111/
j.1445-2197.1998.tb04719.x.

10. Mousseaux C , Dupont A , Rafat C , Ekpe K , Ghrenassia E , Kerhuel L
, et al. Epidemiology, clinical features, and management of severe hy-
percalcemia in critically ill patients. Ann Intensive Care.
2019 Nov;9(1):133. http://dx.doi.org/10.1186/s13613-019-0606-8.

11. Lindner G , Felber R , Schwarz C , Marti G , Leichtle AB , Fiedler GM ,
et al. Hypercalcemia in the emergency department: prevalence, etiology,
and outcome. Am J Emerg Med. 2013 Apr;31(4):657–60.
http://dx.doi.org/10.1016/j.ajem.2012.11.010.

12. Nagy L , Mangini P , Schroen C , Aziz R , Tobia A . Prolonged Hyper-
calcemia-Induced Psychosis. Case Rep Psychiatry.
2020 Feb;2020:6954036. http://dx.doi.org/10.1155/2020/6954036.

13. Ahmed R , Hashiba K . Reliability of QT intervals as indicators of clini-
cal hypercalcemia. Clin Cardiol. 1988 Jun;11(6):395–400.
http://dx.doi.org/10.1002/clc.4960110607.

14. Abugroun A , Tyle A , Faizan F , Accavitti M , Ahmed C , Wang T . Hy-
percalcemia-Induced ST-Segment Elevation Mimicking Acute Myocar-
dial Injury: A Case Report and Review of the Literature. Case Rep
Emerg Med. 2020 Mar;2020:4159526. http://dx.doi.org/10.1155/2020/
4159526.

15. Chou FF , Sheen-Chen SM , Leong CP . Neuromuscular recovery after
parathyroidectomy in primary hyperparathyroidism. Surgery.
1995 Jan;117(1):18–25. http://dx.doi.org/10.1016/
S0039-6060(05)80224-7.

16. Ritter A , Vargas-Poussou R , Mohebbi N , Seeger H . Recurrent
Nephrolithiasis in a Patient With Hypercalcemia and Normal to Mildly
Elevated Parathyroid Hormone. Am J Kidney Dis.
2021 Jun;77(6):A13–5. http://dx.doi.org/10.1053/j.ajkd.2020.09.022.

17. Levi M , Ellis MA , Berl T . Control of renal hemodynamics and
glomerular filtration rate in chronic hypercalcemia. Role of
prostaglandins, renin-angiotensin system, and calcium. J Clin Invest.
1983 Jun;71(6):1624–32. http://dx.doi.org/10.1172/JCI110918.

18. Lins LE . Reversible renal failure caused by hypercalcemia. A retrospec-
tive study. Acta Med Scand. 1978;203(4):309–14.

19. Jalbert M , Mignot A , Gauchez AS , Dobrokhotov AC , Fourcade J .
[Severe hypercalcemia of unusual cause, looking for the culprit: case re-
port and review of the literature]. Nephrol Ther. 2018 Jun;14(4):231–6.
http://dx.doi.org/10.1016/j.nephro.2018.03.003.

20. Varghese RT , Khasawneh K , Desikan RK , Subramaniam A , Weaver T
, Nair GK . Vitamin A and Hydrochlorothiazide Causing Severe Hyper-
calcemia in a Patient With Primary Hyperparathyroidism. J Investig
Med High Impact Case Rep. 2019;7:2324709618823805.
http://dx.doi.org/10.1177/2324709618823805.

21. Dhivyasree S , Dhivyalakshmi J , Sankaranarayanan S , Scott JX . Se-
vere hypercalcemia: A rare and unusual presentation of acute lym-
phoblastic leukemia. J Cancer Res Ther. 2018 Dec;14(7 Supple-
ment):S1244–6. http://dx.doi.org/10.4103/0973-1482.187240.

22. Volpicelli G , Mussa A , Frascisco M . A case of severe hypercalcemia
with acute renal failure in sarcoidosis: a diagnostic challenge for the
emergency department. Eur J Emerg Med. 2005 Dec;12(6):320–1.
http://dx.doi.org/10.1097/00063110-200512000-00015.

23. Acharya R , Winters DM , Rowe C , Buckley N , Kafle S , Chhetri B .
An unusual case of severe hypercalcemia: as dehydrated as a bone. J
Community Hosp Intern Med Perspect. 2021 Jan;11(1):135–8.
http://dx.doi.org/10.1080/20009666.2020.1851859.

24. Payne RB , Little AJ , Williams RB , Milner JR . Interpretation of serum
calcium in patients with abnormal serum proteins. BMJ.
1973 Dec;4(5893):643–6. http://dx.doi.org/10.1136/bmj.4.5893.643.

25. Gastanaga VM , Schwartzberg LS , Jain RK , Pirolli M , Quach D ,
Quigley JM , et al. Prevalence of hypercalcemia among cancer patients
in the United States. Cancer Med. 2016 Aug;5(8):2091–100.
http://dx.doi.org/10.1002/cam4.749.

26. Catalano A , Chilà D , Bellone F , Nicocia G , Martino G , Loddo I , et
al. Incidence of hypocalcemia and hypercalcemia in hospitalized pa-
tients: is it changing? J Clin Transl Endocrinol. 2018 May;13:9–13.
http://dx.doi.org/10.1016/j.jcte.2018.05.004.

27. Banu S , Batool S , Sattar S , Masood MQ . Malignant and Non-Malig-
nant Causes of Hypercalcemia: A Retrospective Study at a Tertiary Care
Hospital in Pakistan. Cureus. 2021 Jun;13(6):e15845. http://dx.doi.org/
10.7759/cureus.15845.

28. Griebeler ML , Kearns AE , Ryu E , Thapa P , Hathcock MA ,
Melton LJ 3rd , et al. Thiazide-Associated Hypercalcemia: Incidence
and Association With Primary Hyperparathyroidism Over Two Decades.
J Clin Endocrinol Metab. 2016 Mar;101(3):1166–73. http://dx.doi.org/
10.1210/jc.2015-3964.

29. Desai HV , Gandhi K , Sharma M , Jennine M , Singh P , Brogan M .
Thiazide-induced severe hypercalcemia: a case report and review of lit-
erature. Am J Ther. 2010;17(6):e234–6. http://dx.doi.org/10.1097/
MJT.0b013e3181c6c21b.

Original article Swiss Med Wkly. 2023;153:40069

Swiss Medical Weekly · www.smw.ch · published under the copyright license Attribution 4.0 International (CC BY 4.0) Page 5 of 5

http://dx.doi.org/10.1186/1741-7015-11-83
http://dx.doi.org/10.1186/1741-7015-11-83
http://dx.doi.org/10.1007/s12020-017-1353-y
http://dx.doi.org/10.1080/07435800.2018.1433200
http://dx.doi.org/10.1080/07435800.2018.1433200
http://dx.doi.org/10.12659/MSM.935821
http://dx.doi.org/10.2174/157340612801216382
http://dx.doi.org/10.1254/jphs.CPJ06004X
http://dx.doi.org/10.1101/cshperspect.a006023
http://dx.doi.org/10.1101/cshperspect.a006023
http://dx.doi.org/10.1161/CIRCRESAHA.117.310083
http://dx.doi.org/10.1111/j.1445-2197.1998.tb04719.x
http://dx.doi.org/10.1111/j.1445-2197.1998.tb04719.x
http://dx.doi.org/10.1186/s13613-019-0606-8
http://dx.doi.org/10.1016/j.ajem.2012.11.010
http://dx.doi.org/10.1155/2020/6954036
http://dx.doi.org/10.1002/clc.4960110607
http://dx.doi.org/10.1155/2020/4159526
http://dx.doi.org/10.1155/2020/4159526
http://dx.doi.org/10.1016/S0039-6060(05)80224-7
http://dx.doi.org/10.1016/S0039-6060(05)80224-7
http://dx.doi.org/10.1053/j.ajkd.2020.09.022
http://dx.doi.org/10.1172/JCI110918
http://dx.doi.org/10.1016/j.nephro.2018.03.003
http://dx.doi.org/10.1177/2324709618823805
http://dx.doi.org/10.4103/0973-1482.187240
http://dx.doi.org/10.1097/00063110-200512000-00015
http://dx.doi.org/10.1080/20009666.2020.1851859
http://dx.doi.org/10.1136/bmj.4.5893.643
http://dx.doi.org/10.1002/cam4.749
http://dx.doi.org/10.1016/j.jcte.2018.05.004
http://dx.doi.org/10.7759/cureus.15845
http://dx.doi.org/10.7759/cureus.15845
http://dx.doi.org/10.1210/jc.2015-3964
http://dx.doi.org/10.1210/jc.2015-3964
http://dx.doi.org/10.1097/MJT.0b013e3181c6c21b
http://dx.doi.org/10.1097/MJT.0b013e3181c6c21b

