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ABSTRACT

Background: The Covid-19 pandemic has had dramatic consequences on the progression of numerous patholo-
gies, especially neoplastic ones. The orientation of hospital activities toward the care of patients with SARS-
Cov2 infection has caused significant delays in the diagnosis and therapy of many other pathologies. What
about severe hypercalcemia? The aim of this work was to determine the clinical and biological presentation, eti-
ologies, mortality, and the impact of the Covid-19 pandemic on severe hypercalcemia.
Material and methods: we conducted a retrospective study for 84 months (September 2014 to September 2021)
at the Nephrology Unit in University Hospital Mohammed VI, Oujda, Morocco. Included were all adult patients
diagnosed with severe hypercalcemia (defined as corrected total serum calcium of >3.5 mmol/l or > 14.0 mg/
dl) and who had benefited from one or more hemodialysis sessions.
Results: 66 episodes of severe hypercalcemia occurred in 64 patients. The mean age was 57 + 15 years and 57.6%
were female. The mean corrected serum calcium at admission was 16.9 + 2.1 mg/dl and 33.3% had more than
18.0 mg/dl. Malignancies represented 80.4% of all etiologies. Acute kidney injury was observed in 69.7%. The
delta drop in serum calcium 48 h after initiation of medical treatment was 4.64 £ 1.63 mg /dl. Mortality was
noted in 14% of all cases. Electrocardiographic abnormalities were observed in 58.3%, 87.5% and 85.7%, respec-
tively, in group 1 (14.0-16.0 mg/dl), group 2 (16.1-18.0 mg/dl), and group 3 (> 18.0 mg/dl) (p = 0.04). The
mean serum potassium value was 5.1 4+ 1.3,4.0 £ 1.0, and 3.7 + 0.7 respectively, in group 1 (14.0-16.0 mg/
dl), group 2 (16.1-18.0 mg/dl), and group 3 (> 18.0 mg/dl) (p < 0.001). Newly diagnosed neoplasia, severe hy-
percalcemia (> 16.0 mg/dl), and mortality have been observed in 15.4% vs. 23.7% (p = 0.31), 25% vs. 50% (p =
0.03), and 35.7% vs. 52.6% (p = 0.13) respectively, in patients before and during the Covid-19 pandemic.
Conclusions: The Covid-19 pandemic caused an increase in both the incidence and severity of hypercalcemia and
the hemodialysis practiced in this context remains efficient and safe.

© 2021 Elsevier Inc. All rights reserved.

1. Introduction

cause, followed by less frequent causes, such as iatrogenic etiologies
and granulomatous diseases [3]. The most serious complications of se-

Severe hypercalcemia, also called hypercalcemic crisis or malignant
hypercalcemia, is serious electrolyte disturbance and life-threatening
condition. Its incidence remains low and does not exceed 1% of all pa-
tients admitted to emergency departments [1]. Habitually, we divide
hypercalcemia into mild hypercalcemia with serum calcium levels of
<12.0 mg/dl, moderate hypercalcemia with serum calcium levels be-
tween 12.0 mg/dl and 14.0 mg/dl, and severe hypercalcemia with
serum calcium levels above 14.0 mg/dl [2]. In adults, malignancies
seem to be the main etiologies of severe hypercalcemia, with primary
hyperparathyroidism and other types of endocrinopathy as the second
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vere hypercalcemia that can be life-threatening to patients are cardio-
vascular, neurological, and kidney complications. Acute kidney injury
(AKI) is a frequent complication of severe hypercalcemia and is usually
functional, secondary to hypovolemia, itself linked to polyuria caused by
hypercalcemia and hypercalciuria, or acute tubular necrosis caused by a
nephrotoxic drug, an iodinated contrast agent, associated sepsis or di-
rect tubular toxicity as is the case with light chains in multiple myeloma.
The use of renal replacement therapy (RRT) is often necessary to imme-
diately and effectively correct the hypercalcemia, uremia, and electro-
lyte disturbances related to AKI. In the current setting of the Covid-19
pandemic, we can assume that the incidence of severe hypercalcemia
has increased. Although, since the start of the pandemic, neoplasia
from all causes has been a high priority alongside Covid-19 patients,
dramatic consequences have occurred.
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Indeed, severe hypercalcemia, due to the unavailability of injectable
calcitonin in many countries, is increasingly an indication for acute he-
modialysis, and its incidence probably increased during the period of
the Covid-19 pandemic. The discontinuation of anticancer treatment,
the delay in the management of patients with cancer disease, the
delay in diagnosis of cancer disease, the fear of patients of being infected
by attending hospital structures, the orientation of hospital activities to-
ward Covid-19 activities, and the difficulty of moving patients between
regions and cities could explain the increase in cases of severe hypercal-
cemia during this pandemic. The aggravation of the epidemiological sit-
uation during the occurrence of several Covid-19 epidemiological
waves in Morocco has contributed to the emergence of severe hypercal-
cemia. Very few studies have been published on severe hypercalcemia
and no studies have been published on the impact of the pandemic on
severe hypercalcemia [3-5]. The aim of this study was to determine
the clinical and biological presentation, etiologies, organ complications,
kidney function, therapeutic methods, mortality, and the impact of the
Covid-19 pandemic on the incidence of severe hypercalcemia.

2. Materials and methods

We conducted a retrospective study for 84 months (September 2014
to September 2021) at the Nephrology, Dialysis, and Kidney transplan-
tation Unit in University Hospital Mohammed VI, Oujda, in eastern
Morocco, North Africa. Included were all adult patients (> 16 years) di-
agnosed with severe hypercalcemia that was defined as corrected total
serum calcium of > 3.5 mmol/l (>14.0 mg/dl) and who had benefited
from one or more hemodialysis sessions in the acute dialysis unit, what-
ever the level of kidney function. The total seum calcium was corrected
according to the following formula: calcemia measured mg/l + (40 -
Blood level of serum albumin g/1). Acute kidney injury (AKI) was de-
fined using the KDIGO (Kidney Disease Improving Global Outcomes)
criteria according to the level of increase in blood creatinine levels and
urine output, and all patients were classified stage 3 “Failure” because
they all underwent a hemodialysis session regardless of the serum cre-
atinine value [6]. Ethics Committee approval and informed consent
were not needed because the study was observational and retrospective
and the need for written informed consent was waived due to the retro-
spective nature of this research. The study was performed with absolute
respect for international ethical rules, anonymity, and data protection.

3. Case presentation

During the study period, 197 patients were admitted to emergency
and various medical units for hypercalcemia with corrected total
serum calcium greater than 3 mmol/L (12.0 mg/dl) and among them,
66 (33.5%) episodes of severe hypercalcemia occurred in 64 patients.
62.2% of severe hypercalcemia cases were recorded during the last
four years (2018-2021) vs. 37.8% recorded during the first four years
(2014-2017) of the study and 42.4% (28 cases) of the 66 cases collected
were recorded during the two years of Covid-19 pandemic (2020,2021).
Fig. 1 shows the evolution of the number of cases of severe hypercalce-
mia between 2014 and 2021.

The 66 severe hypercalcemia episodes occurred in 64 patients. The
mean age of patients was 57 £ 15 years with extremes of 16 and
88 years and 57.6% were female. The mean of corrected total serum cal-
cium was 16.9 + 2.1 mg/dl with extremes of 14.0 and 2.32 mg/dl. 56% of
patients had hypokalemia (serum potassium <3.5 mmol/L).

Malignancies represented 80.4% of all etiologies. Hematologic dis-
eases such as multiple myeloma, lymphoma, and leukemia occupied
the first position (41%) followed by solid organ cancer, including breast,
stomach, brain, lung, and pancreatic cancers (39.4%). Multiple myeloma
alone represented 36.4% of all cases. Primary hyperparathyroidism was
observed in 6 cases, two of whom had multiple endocrine neoplasias.
Hard-water syndrome was observed in three cases of patients who
were on chronic hemodialysis. All patients received intravenous
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Evolution of the number of episodes of severe hypercalcemia between 2014 and 2021
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Fig. 1. Evolution of the number of episodes of severe hypercalcemia between 2014 and
2021.

rehydration (except patients under chronic hemodialysis) according
to their volume and heart condition, intravenous glucocorticoids, and
all of them received bisphosphonates. The bisphosphonates (zoledronic
acid) were used in a full single dose in patients with estimated glomer-
ular filtration rate (GFR) > 30 ml/min/1.73 m? and reduced by half in
patients who presented acute kidney injury or chronic kidney disease
with an estimated GFR < 30 ml/min/1.73m? or under chronic hemodi-
alysis. No side effects have been observed with the use of reduced
doses of zoledronate in patients with kidney impairment. No patient re-
ceived salmon calcitonin subcutaneously because it was not available in
our country. Oral calcimimetic drugs were not used in our emergency
setting. Intravenous rehydration is immediately started in all patients
as soon as hypercalcemia is diagnosed. The use of renal replacement
therapy (RRT) with low calcium dialysate (1.25 mmol/l) was performed
in all cases. Each patient had at least two hemodialysis sessions. The first
hemodialysis session was performed within six hours after the patient's
admission. The second hemodialysis session was performed between 12
and 24 h later. No death or major incident was observed during the he-
modialysis sessions, notably no heart rhythm disturbances, cardiac ar-
rest, disturbances of consciousness, or severe hypotension occurred.
Intravenous rehydration was maintained during hemodialysis sessions.
The delta drop in serum calcium observed 48-72 h after initiation of
medical treatment was 4.71 4 1.63 mg /dl. No patient had a kidney bi-
opsy during hospitalization. 67.5% of patients with acute kidney failure
had fully recovered normal kidney function within 72 h of admission.
In-hospital mortality was observed in 14% of all cases. Death occurred
after a significant drop in serum calcium and was not directly related
to hypercalcemia. Clinical and biological parameters, etiologies, man-
agement, and mortality of all episodes of severe hypercalcemia are re-
ported in Table 1.

The mean age was respectively 65.3 £ 9.6 vs 55 & 15.0 years in de-
ceased and non-deceased patients (p = 0.02). Mortality was observed
in 30.8% vs. 13.2% respectively, in groups of elderly patients (>
65 years) vs. non-elderly patients (<65 years) (p = 0.08). Neoplasia
was observed in 100% vs. 76.5% respectively, in groups of deceased
and non-deceased patients (p = 0.04). The mean value of corrected
total serum calcium was respectively, 17.8 £+ 2.9 vs 16.6 £ 1.8 mg/dl
in deceased and non-deceased patients (p = 0.07).

Electrocardiographic abnormalities (shortening of the QT interval,
heart block...) were observed in 58.3%, 87.5%, and 85.7%, respectively,
in group 1 (14.0-16.0 mg/dl), group 2 (16.1-18.0 mg/dl), and group
3 (> 18.0 mg/dl) (p = 0.04). Mortality was observed in 19.2%,
11.8%, and 28.6%, respectively, in groups 1 (14.0-16.0 mg/dl), 2
(16.1-18.0 mgy/dl), and 3 (> 18.0 mg/dl) (p = 0.04). The mean serum
potassium value was 5.1 £ 1.3, 4.0 & 1.0 and 3.7 4 0.7 respectively,
in group 1 (14.0-16.0 mg/dl), group 2 (16.1-18.0 mg/dl), and group
3 (> 18.0 mg/dl) (p < 0.001).

Newly diagnosed neoplasia, severe hypercalcemia (> 16.0 mg/dl),
and mortality have been observed in 15.4% vs. 23.7% (p = 0.31), 25%
vs. 50% (p = 0.03), and 35.7% vs. 52.6% (p = 0.13) respectively, in
patients before and during the Covid-19 pandemic.
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Table 1
Clinical and biological parameters, etiologies, management, and mortality of patients
admitted for severe hypercalcemia

Parameters (n = 66) N (%)
Age, years # * 57 £ 15
Age, groups
< 45 years 10 (15.2)
45-65 years 30 (454)
> 65 years 26 (39.4)
Female gender 38 (57.6)
Medical history
Type 2 diabetes 12 (18.2)
Arterial hypertension 11 (16.7)
End-stage renal disease under dialysis 08 (12.1)
Neoplasia 20 (30.3)
Clinical presentation
Neurologic symptoms (disorientation, confusion, coma..) 25(37.9)
Digestive symptoms (nausea, vomiting, abdominal pain..) 52(78.8)
Bone pain 40 (60.6)
Urinary stones 15 (22.7)
Oligoanuria (< 400 ml/ 24 h) 24 (36.4)
Arterial hypotension (systolic blood pressure < 100 mmHg) 38 (57.6)
Electrocardiographic abnormalities (shortening of the 49 (74.2)
QT interval, heart block..)
Acute kidney injury (chronic kidney disease not included) 46 (69.7)
Serum creatinine, mg/dl* (chronic kidney disease under 2.2[1.6,6.9]
dialysis not included)
Serum creatinine (mmol/l)* (chronic kidney disease under 194 [140, 607]
dialysis not included)
Serum albumin, g/l # 314 £ 55
Corrected total serum calcium, mg/dl # 169 + 2.1
Corrected total serum calcium, mmol/l # 422 4+ 0.52
Corrected total calcium groups, mg/dl
14.0-16.0 26 (39.4)
16.1-18.0 18 (27.3)
18.1-19.9 16 (24.2)
>20.0 06 (9.1)
Serum hemoglobin, g/dl # 95+ 26
Serum potassium, mmol/l # 43 £ 1.2
Serum potassium <3.5 mmol/L 25 (37.8)
Serum bicarbonates, mmol/l # 172 £ 35
Etiology of severe hypercalcemia
Humoral hypercalcemia of malignancy 27 (41.0)
Multiple bone metastases and solid cancer (breast, uterus, 26 (394)
pancreas, kidney, lungs,..)
Primary hyperparathyroidism 06 (9.1)
Hard water syndrome 03 (4.5)
Others (tuberculosis, acute toxicity...) 04 (6.0)
Duration of the first dialysis session, minutes 151 + 27
Corrected total serum calcium after 48 h of treatment, mg/dl # 12.7 £ 2.5
Delta drop in corrected total serum calcium, mg/dl 471 + 1.63
In-hospital mortality 9(14)

*

variables expressed by median, interquartiles.
# variable expressed by mean and Standard type.

4. Discussion

Despite its relative frequency, its severity, the difficulty of its man-
agement, the absence of codified treatment, and the great interest of
the subject, very few series have been published on severe hypercalce-
mia since the 1970s. Moreover, most of the published series include all
stages of hypercalcemia and frequently use the 12.0 mg/dl cut-off as
their only inclusion criterion.

Ours is the largest series, 66 cases, published in the literature on se-
vere hypercalcemia, with strict respect for the definition of severe hy-
percalcemia, and thus provides current and relevant data on the
subject. That the incidence of severe hypercalcemia is significantly in-
creasing in our unit is clear, since 62.2% of cases were collected during
the last four years of the study vs. 37.8% during the first four years of
the study [7]. When we analyze the results closely, we observe that
42.4% (28 cases) of severe hypercalcemia occurred during the year
from March 2020 to March 2021 whereas, before 2020, the number of
cases had varied from 5 to 8 per year. The number of cases tripled in
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2020 compared to previous years. This very significant increase in
cases coincides with the current context of the Covid-19 pandemic
which has deeply disrupted, throughout the world and in our country,
the various hospital activities of nephrology including kidney transplan-
tation, acute dialysis, and clinical nephrology [8,9]. Moreover, even if the
majority of services taking care of patients with neoplastic disease
have tried to maintain their activities, these have been deeply impacted
with significant delays recorded in the diagnostic and therapeutic
management of these patients.

Very few articles have been published on severe hypercalcemia
during the pandemic. A recent literature review addressed the
management of severe hypercalcemia associated with primary
hyperparathyroidism while raising the role of cinacalcet [10].

In the French series of Mousseaux et al., published in 2019, the au-
thors identified, in ten years, 131 cases of hypercalcemia in an intensive
care milieu, defined as hypercalcemia exceeding 12.0 mg/dl [3]. In this
series of 131 cases, the prevalence of AKI was 82.4% with recourse to
renal replacement therapy in 23.1% of cases. Notably, 25% of the patients
had a corrected calcemia under 14 mg/dl which partly explains the low
use of renal replacement therapy. Neoplasia represented 58.2% of etiol-
ogies, and intra-hospital mortality occurred in 21.3% of cases in the
study of Mousseaux et al. This mortality was greater in the neoplasia
group vs. the no neoplasia group (62% vs. 13.4%). Patients with hyper-
calcemia and neoplasia tend to have a limited survival of several
months, and it is not clear if this poor prognosis is related to the ad-
vanced stage of malignancy, severe hypercalcemia, malnutrition, in-
flammation, associated comorbidities, or all of these conditions [4].
Primary hyperparathyroidism is the second leading cause of severe hy-
percalcemia. Other rarer etiologies may be encountered such as hard
water syndrome or vitamin D toxicity. The hard water syndrome was
first described in 1967, when failure of a dialysis unit water softener
led to 12 patients being dialyzed against hard water, causing severe
symptomatic hypercalcemia and hypermagnesemia [11]. Itis important
to evoke this syndrome in the context of hypercalcemia in a chronic he-
modialysis patient. In the series of Camus et al., published in 1996, 33
cases of severe hypercalcemia were collected in 10 years and all patients
had a hemodialysis session with free calcium dialysate [12]. In this study
of 33 cases, the hemodynamic tolerance was not good, with a non-
negligible incidence of arterial hypotension and cardiac rhythm disor-
ders, but the observed effect on the lowering of calcemia was interest-
ing. At the same time, the bisphosphonates that have revolutionized
the treatment of hypercalcemia were not available during the 1980s
and 1990s. Currently, dialysis with free calcium dialysate is not recom-
mended. First-line treatment of a hypercalcemic crisis includes hydra-
tion, administration of furosemide after rehydration, intravenous
glucosteroids, salmon calcitonin, and intravenous bisphosphonates.

Nevertheless, this arsenal of measures, except salmon calcitonin,
which is not available in all countries and medical centers, cannot
deeply and rapidly lower the serum calcium; even combined, the time
of action of these treatments is approximately 48 h. Rehydration, di-
uretics, and corticosteroids have a less powerful hypocalcemic effect
but their association with other treatments results in effective and pro-
longed action. The onset of action of calcitonin is 2 to 6 h and should be
repeated every 6 to 8 h without exceeding 48 h due to the development
of tachyphylaxis, itself linked to downregulation of calcitonin receptors.
For bisphosphonates, the onset of action is 48 h and lasts up to 30 days.
The use of dialysis with low calcium dialysate (1.25 mmol/I) makes it
possible to lower serum calcium, restore kidney function, improve
clinical symptoms and reduce morbimortality in a few hours after initi-
ation [13,14]. In our study, the delta drop in serum calcium 48 h after
initiation of medical treatment, including hemodialysis sessions, was
4.71 + 1.63 mg /dl and reflects the effectiveness of the treatment initi-
ated. In our series, mortality was not directly related to hypercalcemia
and death occurred after correction of hypercalcemia. In this context,
mortality remains linked to other complications, particularly infectious,
cardiovascular, and neoplastic.
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5. Conclusions

Our study shows a significant increase in cases of severe hypercalcemia
as well as in the average corrected total serum calcium level during the
Covid-19 pandemic. This is linked to the progression of pre-existing neo-
plastic disease and the delays in diagnosing new neoplastic diseases result-
ing from the major impact of the Covid-19 pandemic on the overall
organization of hospital activities. Hemodialysis with low calcium dialysate
should be performed within hours of the diagnosis, particularly in the
presence of neurological symptoms and/or electrocardiographic abnor-
malities, whatever the kidney function, because cardiac arrhythmia may
rapidly progress into complete heart block and cardiac arrest. One to
three hemodialysis sessions are usually sufficient to significantly lower
the calcium value and correct any associated electrolyte disturbances,
thus contributing to an improvement in the overall morbidity and mortal-
ity of these patients. Today, hospital activities have resumed their usual
rhythms guaranteeing better management of neoplastic disease.
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