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Background: Hypocalcemia is common among patients admitted to the intensive care unit (ICU). The adminis- 

tration of calcium in critically ill patients with hypocalcemia remains debated, as previous data on outcomes are 

conflicting, and subgroup analyses are lacking. This study aimed to investigate the association between parenteral 

calcium administration and clinical outcomes in critically ill patients who had hypocalcemia with and without 

sepsis. 

Methods: This retrospective cohort study included individuals who developed hypocalcemia during the first 7 

days of admission to a mixed medical-surgical adult ICU at a University-affiliated teaching hospital. Patients who 

were not receiving renal replacement therapy, and were admitted to the ICU for at least 48 h between October 

1, 2015 and September 1, 2020, were included. The primary outcomes included all-cause 180-day mortality and 

time-to-shock resolution. Subgroup analyses were conducted in sesis and nonsepsis patients with mild or moderate 

hypocalcemia, based on median splits. Proportional hazard regression analyses were performed to identify the 

association between parenteral calcium administration and outcome parameters. 

Results: Among the 1100 patients who met the inclusion criteria, 427 (38.8 %) patients were admitted for sepsis 

and 576 (52.4 %) patients received parenteral calcium. Patients who received and did not receive parenteral 

calcium demonstrated no significant difference in 180-day mortality (adjusted hazard ratio [aHR]: 1.18, 95 % 

confidence interval [CI]: 0.90 to 1.56). Intravenous calcium administration reduced the probability of a shorter 

time to shock resolution (adjusted odds ratio: 0.81, 95 % CI: 0.70 to 0.94). Subgroup analyses in patients with 

and without sepsis indicated no significant association between calcium administration (aHR: 1.63, 95 % CI: 0.99 

to 2.69) and 180-day mortality (aHR: 1.06, 95 % CI: 0.74 to 1.51). Notably, parenteral calcium was associated 

with an elevated risk of 90- and 180-day mortality in patients who had sepsis and mild hypocalcemia (aHR: 1.88, 

95 % CI: 1.02 to 3.47 and aHR: 1.79, 95 % CI: 1.07 to 3.00, respectively). 

Conclusions: Intravenous calcium administration did not provide survival or shock resolution benefits in ICU 

patients with hypocalcemia, and may even be harmful. Further research, including randomized controlled trials, 

are needed to confirm these findings. 
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Calcium is an essential nutrient that fulfills many vital roles

n the human body. These include regulation of hormone se-

retion, glycogen metabolism, nerve conduction, muscle con-

raction, blood homeostasis, and cell division.[ 1 ] Approximately

alf of the calcium in the serum is bound to proteins and anions,
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erum iCa is commonly measured in patients admitted to the

ntensive care unit (ICU), as calcium levels change with alter-

tions in albumin levels and acid–base status.[ 1 , 2 ] 

Hypocalcemia, a condition characterized by low blood

alcium levels, is widely prevalent among patients admit-

ed to the ICU.[ 1 , 2 ] Studies suggest that it is induced by
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atecholamines and systemic inflammation in patients with

ritical illness.[ 1 , 3–6 ] It is associated with poor outcomes,

articularly in those in whom iCa levels fail to normalize

uring the early stages of critical illness.[ 7–13 ] However, sev-

ral studies demonstrated no independent association between

ow iCa levels and mortality.[ 5 , 6 , 14 , 15 ] In addition, most pa-

ients admitted to the ICU do not experience health problems

hat are directly related to a hypocalcemic state (i.e., seizures,

etany, and cardiac arrhythmias).[ 1 , 2 ] Nevertheless, ICU physi-

ians routinely administer calcium in an attempt to correct

ypocalcemia.[ 2 , 3 , 16 ] This practice is driven by studies which

uggest that correction of hypocalcemia may improve hemo-

ynamics in critically ill patients by enhancing left ventricu-

ar function and vascular resistance.[ 3 , 17 , 18 ] Critical care guide-

ines also recommend the administration of intravenous calcium

n cases of significant hemorrhage which is accompanied by

ypocalcemia or hyperkalemia-related changes on the electro-

ardiogram (ECG).[ 19 , 20 ] However, the efficacy of this practice

as never been confirmed in clinical trials. In addition, there

s evidence to suggest that calcium supplementation may be

armful.[ 3 ] Calcium administration has been shown to worsen

rgan dysfunction and survival rates in murine models of sepsis.

his may be attributed to a worsening of sepsis-induced calcium

mbalance owing to a direct shift of additional calcium into the

ells.[ 21–23 ] The imbalance over-activates calcium/calmodulin-

ependent protein kinase pathways, increases mitochondrial

ysfunction, and generates reactive oxygen species, leading to

ell injury and vascular leakage.[ 21–26 ] In this context, increas-

ng evidence shows that clinical outcomes may be better in pa-

ients with sepsis who receive calcium-channel antagonists be-

ore hospital admission; this may be attributed to the fact that

hese drugs prevent excessive shifting of extracellular calcium

nto the cells.[ 27–29 ] 

Previous studies have focused on the association between cal-

ium administration and short-term mortality.[ 15 , 24 , 30 , 31 ] How-

ver, the harmful effects that manifest in the longer term (i.e.,

xidative stress, mitochondrial dysfunction, and cell damage)

ay have been overlooked;[ 21 , 25 ] this was evident from the

ndings of a recent clinical trial in cardiac arrest patients that

ad to be terminated prematurely.[ 32 ] Although calcium sup-

lementation is common during ICU admission, only one retro-

pective cohort study has shown benefit;[ 30 ] several others have

emonstrated either no effect or harm.[ 15 , 21 , 24 , 31 ] Notably, the

athophysiological mechanisms involved in calcium dysregula-

ion may be more profound in patients with sepsis; however,

alcium administration may improve hemodynamics in patients

ithout sepsis. We therefore aimed to investigate the associa-

ion between parenteral calcium administration (PCA) and clin-

cal outcomes, including long-term mortality and time to shock

esolution, in critically ill hypocalcemic patients with and with-

ut sepsis. 

ethods 

tudy design and setting 

This retrospective cohort study was conducted at the

elderse Vallei Hospital, a university-affiliated teaching hos-

ital located in Ede, The Netherlands. The hospital has two

ixed medical-surgical adult ICUs with 12 and 5 beds, respec-
2

ively. Both ICUs are managed by the same medical staff; this

nsures the use of similar patient management protocols in

oth units. The study cohort included patients who were ad-

itted to the ICU between October 1, 2015 and September 24,

020. The Institutional Review Board of the Gelderse Vallei Hos-

ital, Ede, approved the study titled “Hypophosphatemia and

ypocalcemia: course, supplementations and associations with

utcome in the general intensive care population ” (approval

umber: 2101–012) on February 4, 2021. The study was con-

ucted in compliance with the principles of the Helsinki Decla-

ation of 1975 and the Strengthening the Reporting of Observa-

ional Studies in Epidemiology guidelines.[ 33 ] 

nclusion and exclusion criteria 

All patients who were aged at least 18 years, stayed in the

CU for at least 48 h, and had available data for at least one iCa

easurement were included. As concurrent citrate infusions re-

uce iCa concentrations in patients receiving renal replacement

herapy (RRT),[ 34 ] these patients were excluded to solely focus

n endogenic hypocalcemia. In cases of readmission during the

ame episode of hospital stay, data from only the first instance

f ICU admission were evaluated. 

ata collection 

Data pertaining to clinical parameters (age, sex, body mass

ndex, and pre-existing comorbidities) were obtained from the

ocal electronic patient data management systems, namely,

etaVision R ○ (iMDsoft, Tel Aviv, Israel) and NeoZIS R ○ (MI Con-

ultancy, Katwijk, The Netherlands). The data regarding Acute

hysiology and Chronic Health Evaluation IV (APACHE Ⅳ )

cores, diagnosis at admission, and Barthel index were obtained

rom ICU admission records. Daily laboratory results and Se-

uential Organ Failure Assessment (SOFA) scores were recorded

or the first 7 days of ICU admission. Data regarding the dura-

ion of vasopressor therapy and ventilator support throughout

CU admission were also collected. Dates of death were obtained

rom the electronic patient record system, Xcare R ○ (Nexus, Via-

en, the Netherlands), which is linked with the Dutch popula-

ion register. All collected data were anonymized and stored on

 secure computer system. 

ubgroups 

The study cohort was divided into sepsis and nonsepsis

roups based on clinical assessment by the attending inten-

ivist at the time of ICU admission. Assessment was typically

erformed based on the Sepsis-3 criteria, which pertain to

ew-onset organ dysfunction (increase in SOFA score by 2)

n patients with known or suspected infection.[ 35 ] This was

ocumented in the National Intensive Care Evaluation system,

nsuring consistent recording across all cases. Patients were also

ivided into subgroups based on the presence of hyperkalemia

potassium ≥ 5.5 mmol/L) or clinically significant hemorrhage

excluding cerebral hemorrhage). 

ypocalcemia 

Hypocalcemia was defined by serum iCa levels of

 1.15 mmol/L, according to the local laboratory reference
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alues (iCa: 1.15–1.30 mmol/L). The measurements were

btained from arterial blood (ABL90 Flex Plus Analyser, Ra-

iometer Medical ApS, København, Denmark) as part of routine

aily measurements. The minimum value on the day of ICU

dmission was used to determine the presence of hypocalcemia

n that day. As per a previous study, patients who developed

ypocalcemia during the first 7 days of ICU admission were

plit into moderate and mild hypocalcemia groups based on

uartiles of the minimum baseline iCa values in the entire

ohort.[ 9 ] Patients with mild and moderate hypocalcemia dur-

ng ICU admission were assigned to the moderate hypocalcemia

roup. 

alcium administration 

Thresholds and (contra-)indications for calcium administra-

ion were not included in local protocols during the study pe-

iod. Calcium was therefore not routinely administered in cases

f hypocalcemia; it was administered at the discretion of the

ttending physician, usually via the intravenous route, as a

000 mg bolus dose of calcium gluconate. If deemed safe, and if

he patient was receiving it before hospital admission, 500 mg

f calcium carbonate was administered once daily. For the anal-

ses, patients who received intravenous calcium gluconate on

he day of diagnosis of hypocalcemia were assigned to the PCA

roup; the others were assigned to the control group. The total

ose of intravenous calcium (in grams) administered during the

rst 7 days of ICU admission was recorded. 

utcomes 

The primary outcome was all-cause 180-day mortality. Sec-

ndary outcome parameters included the duration of mechani-

al ventilation and vasopressor therapy and length of stay in the

CU (ICULOS) and hospital (HLOS). The period from initiation

ntil 24 h after cessation of vasopressor therapy was considered

s the time to shock resolution. Data regarding ICU-, hospital-,

8-day, and 90-day all-cause mortality were recorded. 

tatistical analysis 

Categorical variables have been presented as counts and

ercentages, whereas continuous variables are presented as

eans ± standard deviations or medians and interquartile ranges

IQRs) depending on normality. Normality was tested using the

olmogorov–Smirnov test and visual inspection of plots. The

tudent’s t -test was used for normally distributed data, and the

ann–Whitney U test was used in other cases; categorical vari-

bles were tested using the chi-squared test. 

Cox regression analysis was performed to evaluate the

ssociation between PCA and the outcome parameters. Possible

onfounders were identified using a stepwise approach and the

umber of covariates were matched based on the one-in-ten

ule. The same model was run by replacing PCA with com-

ined enteral and parenteral administration. Covariates were

xcluded in the case of multicollinearity (as in the case of

pearman’s correlation coefficient of 0.7) or violation of the

roportional hazard assumption. In cases where multivariable

nalysis demonstrated a significant association between PCA

nd 180-day mortality, additional multivariable models were
3

enerated for 28- and 90-day mortality. Survival function

lots were generated, and a two-sided P -value of < 0.05 was

onsidered statistically significant. All statistical analyses were

erformed using IBM SPSS Statistics 29.0 (IBM Corporation,

rmonk, NY, USA; 2022) software. 

esults 

tudy population 

A total of 1468 patients were admitted to the ICU for the first

ime between October 1, 2015 and September 24, 2020. After

xcluding those who received RRT ( n = 119) and did not have

vailable data regarding iCa measurements ( n = 29), 1320 pa-

ients were included for evaluation ( Figure 1 ). A total of 12,599

ndividual iCa measurements were available from the included

atients. The median baseline iCa value in the entire cohort was

.10 (IQR: 1.06–1.15) mmol/L. Based on this range, iCa levels

f < 1.06 mmol/L and 1.06–1.14 mmol/L were considered as

oderate and mild hypocalcemia, respectively. Hypocalcemia

as observed during the first 7 days of ICU admission in 1100

83.3 %) patients; these patients were included in the analysis.

he patients with hypocalcemia had a median age of 70 (IQR:

9–77) years; 649 (59.0 %) were male, and 427 (38.8 %) were

dmitted to the ICU due to sepsis. 

CA 

Among the 1100 patients with hypocalcemia, 576 (52.4 %)

eceived PCA. Of these patients, 60.4 % (348/576) calcium was

dministered within 24 h of ICU admission; 45.8 % (264/576)

nd 24.7 % (142/574, as 3 patients in the PCA group were no

onger in the ICU on day 3 of admission) of patients in the PCA

roup received calcium on days 2 and 3 (of ICU stay), respec-

ively. The median dose of intravenous calcium received during

he first 7 days of ICU admission was 2000 (IQR: 2000–6000)

g. Patients with mild hypocalcemia had a lower frequency of

eceiving PCA (36.0 % vs. 73.2 %, P < 0.001), and the cumulative

CA dose within the first 7 days of ICU admission was lower than

hat in those with moderate hypocalcemia (median = 2000 mg,

IQR: 2000–4000] vs. median = 4000 mg, [IQR: 2000–6000],

 < 0.001). A total of 27 (4.7 %) patients received concurrent en-

eral calcium with PCA, whereas 24 (4.6 %) patients received

nly enteral calcium without PCA. Table 1 shows the patient

haracteristics at baseline and at ICU admission in those who re-

eived and did not receive PCA for hypocalcemia. Among 73 pa-

ients with hyperkalemia (potassium ≥ 5.5 mmol/L), 40 (54.8 %)

atients received PCA. 

utcome data 

Data regarding all-cause 180-day survival was available for

ll patients included in the primary analysis. A total of 255

23.2 %) patients who developed hypocalcemia died within 180

ays of ICU admission. Supplementary Table S1 shows a com-

arison of the baseline characteristics between survivors and

onsurvivors. In the group of patients who received PCA, 153

26.6 %) patients died within 180 days after ICU admission; in

ontrast, 102 (19.5 %) patients died in the control group (hazard

atio [HR] = 1.49, 95 % confidence interval [CI]: 1.16 to 1.92).
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Figure 1. Flowchart of the study cohort after selection based on the inclusion and exclusion criteria and distribution into subgroups. Mild hypocalcemia = iCa 

1.06–1.14 mmol/L; moderate hypocalcemia = iCa < 1.06 mmol/L. 

iCa: Ionized calcium; ICU: Intensive care unit; RRT: Renal replacement therapy. 

Figure 2. Survival curves of included patients with hypocalcemia who received and did not receive intravenous calcium. A: Univariate Cox regression analysis curve. 

B: Multivariable Cox regression analysis curve after correction for covariates age, APACHE IV score, BMI, Barthel index, COPD, serum albumin, arterial pH, serum 

creatinine, and duration of vasopressor therapy. 

APACHE IV: Acute physiological and chronic health evaluation IV; BMI: Body mass index; COPD: Chronic obstructive pulmonary disease; ICU: Intensive care unit. 
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n multivariable analysis, PCA was not found to be associated

ith 180-day mortality (adjusted HR [aHR] = 1.18, 95 % CI: 0.90

o 1.56; Figure 2 , Supplementary Table S2). 

epsis and nonsepsis 

Supplementary Tables S3–S6 show the differences in base-

ine characteristics between patients who received and did not

eceive PCA (in the four subgroups) . PCA was associated with

ncreased 180-day mortality in both groups of patients with and
4

ithout sepsis (HR = 1.63, 95 % CI: 1.09 to 2.43 and HR = 1.28,

5 % CI: 0.93 to 1.77, respectively; Figures 3 and 4 , Supple-

entary Tables S7 and S8). On multivariable analysis, the as-

ociation between PCA and 180-day mortality reached near-

ignificance (aHR = 1.63, 95 % CI: 0.99 to 2.69) in patients with

epsis; however, no significant association was observed in those

ithout sepsis (aHR = 1.06, 95 % CI: 0.74 to 1.51). 

The patient groups with and without sepsis were categorized

s having mild or moderate hypocalcemia. In patients having

epsis with mild hypocalcemia, multivariable analyses revealed
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Table 1 

Baseline characteristics of study patients. 

Baseline variables Total ( n = 1100) No intravenous 

administration 

( n = 524) 

Intravenous 

administration 

( n = 576) 

P -value 

Age (years) 70 (59–77) 68 (56–76) 71 (61–78) 0.003 

Sex, female 451 (41.0) 224 (42.7) 227 (39.4) 0.361 

BMI on admission (kg/m2 ) 26.5 (23–30) 26.8 (23.5–30.5) 26.3 (23.0–30.1) 0.167 

APACHE IV-score 69 (48–84) 67 (52–84) 74 (61–91) < 0.001 

SOFA-score 5 (3–7) 6 (3–8) 7 (5–9) < 0.001 

Barthel-index 20 (16–20) 20 (18–20) 20 (18–20) 0.596 

Comorbidities 

COPD 257 (23.3) 135 (25.7) 122 (21.2) 0.073 

DM 275 (25.0) 123 (23.5) 152 (26.3) 0.265 

Baseline blood tests 

CRP (mg/L) 96 (18–214) 80 (15–211) 108 (24–216) 0.075 

Albumin (g/L) 26 (21–32) 28 (23–34) 25 (20–29) < 0.001 

Creatinine ( 𝜇mol/L) 82 (61–123) 83 (64–123) 100 (71–151) < 0.001 

Arterial pH 

∗ 7.32 (7.24–7.40) 7.34 (7.25–7.41) 7.31 (7.23–7.39) 0.025 

Arterial lactate † 2.2 (1.4–3.7) 1.8 (1.2) 2.6 (1.6–4.3) < 0.001 

Glucose (mmol/L) ‡ 8.5 (7.3–10.3) 8.2 (7.2–10.0) 8.9 (7.36–10.5) 0.005 

Baseline elektrolytes 

Minimum iCa (mmol/L) 1.09 (1.05–1.13) 1.12 (1.09–1.14) 1.03 (1.07–1.10) < 0.001 

Maximum iCa (mmol/L) 1.16 (1.12–1.20) 1.17 (1.13–1.21) 1.15 (1.10–1.20) < 0.001 

Sodium (mmol/L) ‡ 138 (135–141) 138 (135–141) 138 (135–141) 0.692 

Magnesium (mmol/L) ‡ 0.72 (0.61–0.83) 0.75 (0.64–0.85) 0.70 (0.59–0.81) < 0.001 

Potassium (mmol/L) ‡ 3.9 (3.6–4.4) 3.9 (3.6–4.3) 4.0 (3.6–4.4) 0.123 

Phosphate (mmol/L) ‡ 1.05 (0.84–1.33) 1.05 (0.86–1.29) 1.05 (0.81–1.39) 0.528 

ICU admission type 

Elective surgical 99 (9.0) 43 (8.2) 56 (9.7) 0.290 

Emergency surgical 213 (19.4) 72 (13.7) 142 (24.6) < 0.001 

Medical 782 (71.1) 407 (77.6) 375 (65.1) < 0.001 

ICU admission reason 

Sepsis 427 (38.8) 185 (35.3) 242 (42.0) 0.023 

Hemorrhage § 48 (4.4) 11 (2.1) 37 (6.4) < 0.001 

Cardiac arrest 20 (1.8) 7 (1.3) 13 (2.3) 0.281 

Categorical variables are presented as number (percentages) and continuous variables as median (interquartile range). 

Missing data was observed in the following baseline characteristics ( n ): BMI (26), APACHE-IV (5), SOFA-score (4), Barthel-index (60), 

CRP (12), Albumin (28), Creatinine (12), Arterial pH (10), Arterial Lactate (12), Glucose (131), Sodium (12), Magnesium (51), Potassium 

(21) and Phosphate (49). 
∗ Minimum value on admission day. 
† Maximum value on admission day. 
‡ Mean value on admission day. 
§ Excluding cerebral hemorrhage. 

APACHE IV: Acute Physiology and Chronic Health Evaluation IV; BMI: Body Mass Index; COPD: Chronic Obstructive Pulmonary Disease; 

CRP: C-reactive Protein; DM: Diabetes mellitus; iCa: ionized calcium; ICU: Intensive Care Unit; SOFA: Sequential Organ Failure Assessment 
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n association between PCA and increased 180- and 90-day mor-

ality (aHR = 1.79, 95 % CI: 1.07 to 3.00 and aHR = 1.88, 95 % CI:

.02 to 3.47, respectively; Supplementary Tables S9 and S10).

owever, no difference was observed in terms of 28-day mor-

ality (aHR = 1.19, 95 % CI: 0.64 to 2.23; Supplementary Ta-

le S11). In the remaining subgroups, multivariable analyses

emonstrated no significant association between PCA and 180-

ay mortality (Supplementary Tables S12–S14). 

ime to shock resolution 

Patients who received PCA required a longer duration of va-

opressor therapy (median = 4, [IQR: 3–7] days vs. median = 3,

IQR: 2–5] days, P = 0.001) . On multivariable regression anal-

sis, the group that received PCA showed a lower likelihood of

xperiencing a shorter time to shock resolution (adjusted odds

atio [aOR] = 0.81, 95 % CI: 0.70 to 0.94; Supplementary Table

15); this was particularly relevant in patients without sepsis

aOR = 0.76, 95 % CI: 0.63 to 0.94; Supplementary Table S16)

ut not in sepsis patients (Supplementary Table S17). In addi-

ion, subgroup analyses showed that PCA in patients with mild
5

ypocalcemia, both with and without sepsis, reduced the prob-

bility of a faster shock resolution (aOR = 0.74, 95 % CI: 0.56 to

.97 and aOR = 0.71, 95 % CI: 0.54 to 0.92, respectively; Supple-

entary Tables S18 and S19), while this was not in patients with

oderate hypocalcemia (Supplementary tables S20 and S21). 

dditional analyses 

The findings from univariate analysis of additional outcome

arameters, in both PCA and control groups, are presented in

upplementary Tables S22–S28. The parameters included the

LOS, duration of mechanical ventilation; and ICU-, 28-day,

nd 90-day mortality in the subgroups. Multivariable analy-

is showed a non-significant association between ICULOS and

CA (aOR = 0.89, 95 % CI: 0.88 to 1.01; Supplementary Table

29). In patients with hemorrhage or hyperkalemia, PCA was

ot associated with either 180-day mortality (HR = 1.05, 95 % CI:

.29 to 3.75 and HR = 2.23, 95 % CI: 0.66 to 7.52, respectively;

upplementary Table S30) or shorter time to shock resolution

aOR = 0.66, 95 % CI: 0.17 to 2.54 and aOR = 1.34, 95 % CI: 0.61

o 2.95, respectively; Supplementary Tables S31 and S32). 
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Figure 3. Survival curves of patients with sepsis and hypocalcemia who received and did not receive intravenous calcium. A: Univariate Cox regression analysis 

curve. B: Multivariable Cox regression analysis curve after correction for covariates age, APACHE IV score, BMI, Barthel index, DM, and vasopressor duration. 

APACHE IV: Acute physiological and chronic health evaluation IV; BMI: Body mass index; DM: Diabetes mellitus; ICU: Intensive care unit. 

Figure 4. Survival curves of non-sepsis patients with hypocalcemia who received and did not receive intravenous calcium. A: Univariate Cox regression analysis 

curve. B: Multivariable Cox regression analysis curve after correction for the covariates age, APACHE IV score, Barthel index, COPD, serum albumin, and vasopressor 

duration. 

APACHE IV: Acute physiological and chronic health evaluation IV; COPD: Chronic pulmonary obstructive disease; ICU: Intensive care unit. 
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iscussion 

The findings from this retrospective cohort study, which in-

luded ICU patients with serum hypocalcemia, showed that in-

ravenous calcium administration offered no benefits in terms

f long-term mortality and time-to-shock resolution. Conversely,

atients with hypocalcemia who were administered intravenous

alcium demonstrated longer durations of ICULOS, mechanical

entilation, and vasopressor therapy; they also showed lower

urvival rates on univariate analysis. After adjusting for covari-

tes, intravenous calcium administration was found to be inde-

endently associated with a reduced likelihood of shorter time

o shock resolution. In addition, subgroup analyses showed that
6

CA was independently associated with increased all-cause 90-

nd 180-day mortality in patients with sepsis who had mild

ypocalcemia (iCa 1.06 - 1.14 mmol/L). 

Hypocalcemia is common in critically ill patients, and is espe-

ially seen in cases of excessive inflammation and catecholamine

elease.[ 3 , 5 , 13 , 14 , 21 , 22 ] Although the pathophysiological mecha-

isms are poorly understood, they may result from side effects

f drugs and critical illness; both of these affect calcium home-

stasis, leading to high levels of intracellular calcium and low

evels of extracellular iCa.[ 1 , 3–6 ] The reported prevalence rates

f hypocalcemia are found to vary among patients admitted to

he ICU; this is most likely to be caused by differences among

tudy populations and cutoff values used.[ 2 ] In our study, 83 %
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f patients admitted to the ICU had developed hypocalcemia

defined by iCa levels of < 1.15 mmol/L) during the first 7 days

f admission; this finding is consistent with those of previous

tudies.[ 5 , 6 ] 

Retrospective studies that evaluated the association between

ypocalcemia and mortality in ICU patients, have reported

ixed results.[ 7–14 , 31 ] Severe and persistent hypocalcemia dur-

ng critical illness has shown the strongest association with

ortality.[ 5 , 15 , 29 , 36 ] However, the causality between iCa levels

nd adverse outcomes remains unclear; in this context, hypocal-

emia could represent an adaptive response to critical illness,

nd reflect disease severity.[ 2 ] Notably, iCa levels have often

een found to spontaneously normalize during the course of

 critical illness.[ 15 , 16 , 36 ] Nevertheless, patients admitted to the

CU are commonly administered intravenous calcium in an at-

empt to correct hypocalcemia;[ 2 , 16 , 36 ] this practice was also fol-

owed in more than half of the cases in our study cohort. 

Current guidelines recommend calcium supplementation in

atients with major bleeding and hypocalcemia, as calcium

lays a vital role in coagulation;[ 19 ] studies show that low iCa

evels may be predictive of poor clinical outcomes in these

atients.[ 37 ] However, there is no available data to suggest that

he achievement of normocalcemia offers any benefits in these

atients.[ 38 ] In this context, it is common practice to administer

alcium in cases of hyperkalemia-induced ECG abnormalities in

rder to stabilize the myocellular membrane; however, its ef-

ectiveness has not been demonstrated in any randomized con-

rolled trials (RCTs).[ 20 ] In the current study, PCA was neither

ssociated with rapid shock reversal nor improved survival in

he subsets of patients with hyperkalemia and hemorrhage. 

A recent RCT on patients with out-of-hospital cardiac arrest

ound calcium administration to offer no benefits in terms of

eturn of spontaneous circulation; the trial was terminated pre-

aturely, as fewer patients in the treatment arm reported favor-

ble neurological outcomes and quality of life at 90 days.[ 32 ] The

nvestigators hypothesized that calcium administration may re-

ult in cytosolic and mitochondrial calcium overload; this could

timulate oxidative stress and activate calcium-dependent pro-

eolytic pathways. This hypothesis is similar to the proposed

echanism for calcium-induced toxicity in critical illness, par-

icularly sepsis.[ 3 ] Several studies on animal models of sepsis

ave demonstrated increased morbidity and mortality follow-

ng PCA; this may be attributed to activation of destructive

nzymes and consequent mitochondrial dysfunction and cell

njury.[ 21 , 23 , 25 , 26 , 39 ] 

Previous studies have suggested that calcium supplementa-

ion may improve hemodynamics by increasing vascular resis-

ance and left ventricular function owing to its positive inotropic

ffect.[ 17 , 18 , 40 ] However, a long-lasting clinically relevant ben-

fit (in terms of hemodynamic parameters) has never been de-

cribed in the critically ill.[ 3 ] In their study, Dotson et al.[ 24 ] 

ound PCA to be associated with in-hospital mortality, acute

espiratory failure, and new-onset shock in ICU patients who

eceived parenteral nutrition. In the current study, patients re-

eiving PCA showed a longer time to shock resolution, even af-

er adjusting for confounders relevant to the hemodynamic sta-

us (such as duration of mechanical ventilation, albumin, and

isease severity). Although causal inferences cannot be made

rom our data, it can be hypothesized that calcium adminis-

ration may have increased vascular leak (as observed in ani-
7

al models), and thereby extended the duration of vasopressor

ependency.[ 21 , 24 ] 

Only one study has shown calcium supplementation to of-

er potential benefits in ICU patients, indicating an indepen-

ent association with lower mortality rates.[ 30 ] A sub-analysis

f patients with sepsis, derived from the same database, demon-

trated 28-day mortality after calcium supplementation to be

igher in cases where iCa levels at admission were 1.01–

.20 mmol/L; however, those with iCa levels of < 1.01 mmol/L

ossibly benefited from supplementation.[ 31 ] In the present co-

ort, PCA showed a trend toward a significant increase in 180-

ay mortality among patients with sepsis who had hypocal-

emia. In those with mild hypocalcemia, PCA was associated

ith decreased 90- and 180-day survival; this concurs with the

ndings of He et al.[ 31 ] Nevertheless, the association between

CA and 28-day mortality was not significant. This observation

s similar to the findings from the RCT performed by Vallentin

t al.[ 32 ] that included patients with cardiac arrest; it may be ex-

lained by the long-term toxic effects of calcium overload, such

s mitochondrial damage.[ 22 ] Notably, the duration of vasopres-

or therapy is known to contribute to ICULOS and ICU-acquired

uscle weakness, which is associated with morbidity and poor

ong-term outcomes.[ 41–43 ] It is unclear whether this led to poor

ong-term outcomes in the present cohort; further investigation

s needed via prospective trials that need to include follow-up

valuation after ICU and hospital discharge. 

Certain limitations need to be considered while interpreting

he results of this study. The findings from our single-center ret-

ospective study may have limited generalizability due to spe-

ific ICU practices and patient demographics at our center. As in

ost ICUs, calcium was administered at the discretion of the at-

ending ICU physician; this introduced potential selection bias,

s patients receiving calcium were likely to be in a more serious

ondition. In addition, center-specific patterns may have ham-

ered the applicability of our findings to other settings. Finally,

he data were not sufficient to adjust for other potential covari-

tes of vasopressor dependency, such as fluid balance and left

entricular function. Although it was possible to adjust for sev-

ral strong predictors of mortality (including age, disease sever-

ty, and clinical frailty upon ICU admission[ 44–46 ] ), residual con-

ounding could have remained. Additionally, some factors may

ave acted as mediators rather than confounders, potentially

bscuring the true effects of calcium administration. 

Although our study provides valuable insights, its conclu-

ions are not definitive and should be corroborated by further

esearch. Multi-center prospective studies and comprehensive

ata collection should ideally be employed for further evalua-

ion. 

onclusions 

Hypocalcemia and consequent PCA were common in our

arge cohort of critically ill patients. However, PCA was not as-

ociated with improved outcomes. On the contrary, it was as-

ociated with prolongation of the time to shock resolution and

educed long-term survival in patients with sepsis. These find-

ngs underscore the need for caution during routine calcium

dministration in critically ill patients with hypocalcemia. An

CT is warranted to confirm our findings, elucidate the underly-
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ng mechanisms, and establish evidence-based treatment guide-

ines. 
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