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Abstract:
OBJECTIVES: Calcium administration during cardiac arrest is limited in some circumstances,
mainly due to lack of consistent evidence. This study aims to investigate whether calcium therapy
administered during cardiac arrest at the Emergency Department is associated with good outcomes,
including the probability of return of spontaneous circulation (ROSC), survival to hospital admission,
survival to hospital discharge, and favorable neurological outcome at discharge.
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METHODS: We retrospectively reviewed 599 consecutive adult cardiac arrest events between 2016
and 2018. The primary outcome was the ROSC rate. Secondary outcomes included survival to hospital
admission, survival to hospital discharge, and favorable neurologic outcome at hospital discharge.
Multivariable logistic regression with inverse probability of treatment weighting was analyzed to
examine the association between calcium administration and outcomes.
RESULTS: Of 599 events, calcium was administered in 72 (12%) cases. The use of calcium
during cardiopulmonary resuscitation (CPR) after adjusting for confounding factors was not
associated with any better outcomes, including ROSC (adjusted odds ratio (aOR) 0.53, 95%
confidence interval [CI] 0.24–1.17), survival to hospital admission (aOR 1.07, 95% CI 0.47–2.41),
survival to hospital discharge (aOR 1.93, 95% CI 0.43–8.56), and favorable neurological outcome
(aOR 6.60, 95% CI 0.72–60.74). Besides, calcium use in traumatic cardiac arrest patients was
associated with unfavorable outcomes, including ROSC (aOR 0.02, 95% CI 0.00–0.09) and survival
to hospital admission (aOR 0.16, 95% CI 0.03–0.84).
CONCLUSION: The use of calcium during an adult cardiac arrest was not associated with better
outcomes. Although associations drawn from this study did not indicate the causality, given calcium
during CPR was linked to poorer outcomes in traumatic cardiac arrest patients, including ROSC and
survival to hospital admission.
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Box‑ED
What is already known on the study topic?
Calcium administration during adult cardiac arrest is
currently limited in some circumstances.
What is the conflict on the issue? Has it importance
for readers?
According to the current guidelines for cardiopulmonary
resuscitation (CPR) in 2020, a routine administration
of calcium for the treatment of cardiac arrest was not
recommended. However, calcium therapy during CPR
continues to be used frequently during cardiac arrest.
How is this study structured?
This was a single‑center, retrospective cohort study
includes data from approximately 600 cardiac arrest
patients.
What does this study tell us?
The use of calcium during an adult cardiac arrest was
not associated with better outcomes.
Although associations drawn from this study did not
indicate the causality, given calcium during CPR was
linked to poorer outcomes in traumatic cardiac arrest
patients.

Introduction

C

ardiac arrest remains one of the most important
causes of mortality worldwide. Each year, cardiac
arrest accounts for up to 3.7 million lives across the
world.[1,2] The role of calcium administration during
cardiopulmonary resuscitation (CPR) has been debated
for decades.[3] An administration of calcium resulted
in a better function of excitation‑contraction coupling
of ventricular cardiomyocytes.[4] Low serum calcium
level has been reported to be associated with the
development of cardiac arrest.[5,6] Hypocalcemia, defined
by serum calcium of <8.5 mmol/L, causes QT interval
prolongation, as a result, torsade de pointes; therefore,
hypocalcemia should be aggressively and promptly
managed.[7] A previous study found that hypocalcemia
is associated with an increased risk of sudden cardiac
arrest in dialysis patients.[8] A high ionized calcium level
obtained during CPR was associated with an increased
likelihood of a return of spontaneous circulation (ROSC),
according to a study by Kim and colleagues.[9]
Nonetheless, calcium was removed from the protocols
for the treatment of cardiac arrest in 1980 because the
benefits of calcium administration during CPR were not
demonstrated.[10] Furthermore, administering calcium
during CPR may be harmful. [3] The final common
pathway of cell death, resulting in cellular necrosis, has
been mentioned as cytoplasmic calcium accumulation
after calcium administration during CPR.[3] According to
the previous systematic review, calcium administration
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during CPR did not improve survival regardless of the
initial rhythm.[5] The current CPR guidelines for 2020
do not recommend routine calcium administration
for the treatment of cardiac arrest.[11] Calcium is only
recommended for use in certain resuscitation situations,
according to the guidelines: Severe hyperkalemia, severe
hypocalcemia, severe hypermagnesemia, and calcium
channel blockade overdose.[5]
Despite limited recommendations, calcium therapy
during CPR is still commonly used. Moskowitz et al.
discovered that calcium was used twice as frequently
in the United States in 2016 as it was in 2001.[12] Thus,
this study investigates whether calcium therapy
administered during cardiac arrest at the Emergency
Department (ED) associated with good outcomes,
including the probability of ROSC, survival to hospital
admission, survival to hospital discharge, and favorable
neurological outcome.

Methods
The study was prepared and reported in accordance
with the strengthening of the reporting of observational
studies in epidemiology statement.[13]

Study design and study population

We conducted a retrospective cohort study at Maharaj
Nakorn Chiang Mai Hospital, located in the northern of
Thailand. Our hospital represents a tertiary care hospital
where complicated and severe patients are transferred
from other hospitals. We apply the Advanced Cardiac
Life Support (ACLS) protocol in our ED as well as other
standard best practice guidelines. Our staff, including
emergency doctors, nurses, and paramedics, are all
required to participate in standard ACLS training courses
certified by the Thai Resuscitation Council which is
accredited by the American Heart Association (AHA).
The administration of calcium in the ED as a part of
resuscitation may be due to the fact that calcium is a
well‑known antidote for treating hyperkalemia, one
of the reversible causes of arrest (5Hs and 5Ts). Adult
patients (aged ≥18 years) with an index cardiac arrest
at the ED, both Out‑of‑hospital cardiac arrest (OHCA)
and in‑hospital cardiac arrest (IHCA), who received
chest compressions, were included in this study. OHCA
patients were those who received CPR in the field but
did not receive ROSC and were transported to the ED.
Patients were not eligible if they had a terminal illness or
had an advanced care plan. Patients with missing data
on calcium administration and resuscitation outcomes
were excluded from the main analysis.

Data collection

We extracted clinical information from our cardiac
arrest registry between January 2016 and December
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2018. Cardiac arrest is defined as a pulselessness that
necessitates CPR, which includes chest compression
and/or defibrillation. After a structured review of
hospital medical records, trained abstractors record
registry data. The relevant data were selected and
entered into REDcap (Vanderbilt University, Nashville,
TN, India) at the same time. Specifically, we collected
sex, age, the timing of presenting to the ED, mechanisms
of cardiac arrest, types of initial presenting rhythm, a
total administered dose of epinephrine, calcium, and
bicarbonate, point‑of‑care‑testing glucose, usage of
glucose, amiodarone, and lidocaine, blood tests acquired
at ED, including calcium and variables parameters
known to affect calcium level, such as potassium,
bicarbonate, and arterial pH. Blood tests and arterial
pH were primarily measured during CPR or not more
than 20 min before CPR. Blood tests were measured by
the central laboratory and arterial pH was measured
by a point‑of‑care gas analyzer. These results were
immediately available at the ED. Since we did not have
an ionized calcium level of each patient which represents
the biological active calcium level, we use serum calcium
obtained during cardiac arrest instead. In addition,
calcium use is not a part of routine Emergency Medical
Service protocol in Thailand. The Institutional Review
Board of the Faculty of Medicine, Chiang Mai University
approved the study protocol (IRB No. 7477/2020).

Outcomes

The primary outcome was the ROSC rate, and secondary
outcomes included survival to hospital admission,
survival to hospital discharge, and favorable neurologic
outcome at hospital discharge. Favorable neurological
outcome was classified as having a cerebral performance
category score of 1 or 2.

Data analysis

We estimated our study size based on prior statistical
evidence.[14] A study size of at least 456 patients is required
to achieve 80% statistical power and a two‑sided alpha
error of 0.05. Frequency and percentage were used
to describe categorical variables. Mean and standard
deviation or median and interquartile range were used for
continuous variables, as appropriate. We used standardized
differences (STD) to compare the clinical characteristics
between the two groups. A value of STD >10% in either
direction was regarded as a significant difference and may
reflect potential confounding by indication or confounding
by contraindication at baseline.[15]
To account for the imbalance in prognostic variables,
we employed an inverse probability treatment
weighting (IPTW) method. [16] First, we created a
multivariable logistic regression model to predict the
probability of being prescribed with calcium. The
following variables were included in the propensity

model: Age, gender, mechanism of cardiac arrest,
location of cardiac arrest, the timing of arrival at the ED,
initial shockable rhythm, epinephrine administration,
bicarbonate administration, lidocaine administration,
amiodarone administration, glucose administration,
and CPR duration. The model predicted probabilities of
being prescribed with calcium were used as treatment
weights for the group with calcium administration,
whereas the model predicted probabilities of not being
prescribed with calcium were used as treatment weights
for the group without calcium administration. A balance
diagnostic plot to compare the difference in characteristics
between weighted and unweighted samples was
presented. Variables with an STD of more than 10% after
weighting would be adjusted in the weighted logistic
regression model for double robustness.[17,18] To evaluate
the association between calcium administration during
CPR and the occurrence of outcomes, we used a weighted
multivariable logistic regression. The logistic model was
performed separately for each outcome.
Furthermore, since the Utstein reporting Guidelines
recommended reporting those two cardiac arrest
settings (OHCA and IHCA) in two different methods,[19,20]
we also performed an additional analysis. First, we created
an extra model using a multivariable logistic regression
model to predict the probability of being prescribed
calcium, model 1 for OHCA patients, and model 2 for
cardiac arrests at the ED. Notably, the type of cardiac
arrest was not included in these models. Variables with
an STD of more than 10% after weighting would be
adjusted in the weighted logistic regression model for
double robustness. To evaluate the association between
calcium administration during CPR and the occurrence
of outcomes, we used a weighted multivariable logistic
regression. The logistic model was performed separately
for each outcome and categorized by type of cardiac
arrest (OHCA and cardiac arrest at the ED) and mechanism
of cardiac arrest (traumatic and nontraumatic cause).
We performed a subgroup analysis by stratifying serum
potassium and calcium levels acquired during cardiac
arrest into three categories: Low, normal, and high
levels, to explore the connection of calcium therapy and
its influence on serum potassium and calcium. Normal
serum potassium levels were defined as those between
3.5 and 5.5 mmol/L, while normal serum calcium levels
were defined as those between 8.5 and 10.2 mg/dL.
Stata 16 (StataCorp, College Station, TX, USA) was used
to conduct all the analyses. A P < 0.05 was considered
statistically significant.

Results
General characteristics

During the study, the cardiac arrest registry recorded
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a total of 648 cases. Patients transferred from other
hospitals (n = 17), under the age of 18 (n = 14), with a
do‑not‑resuscitate order (n = 12), or with insufficient
data (n = 6) were all excluded from the study [Figure 1].
Finally, 599 patients were participated in this study.
There were 374 men (62.4%), and the average age was
57.8 years. The overall ROSC, survival to hospital
admission, survival to hospital discharge, and favorable
neurological outcome rates in this study were 66.3%,
52.4%, 15.1%, and 7.0%, respectively. Almost all
baseline characteristics were different between the
two groups except for age, time on arrival at the ED,
and initial presenting rhythm [Table 1]. The most
different characteristic across the two groups was the
administration of bicarbonate (STD + 1.536). Most of the
mechanisms of cardiac arrest was nontrauma (70.1%) and
out‑of‑hospital (61.8%). Total CPR duration was longer
in the calcium group (STD + 0.678). The calcium group
had a higher potassium level (STD + 0.677), whereas the
noncalcium group had a higher bicarbonate and arterial
pH level (STD‑0.329 and‑0.264, respectively).

Primary and secondary outcomes

Figure 2 shows the absolute STD between unmatched
and matched samples. Most variables before matching
were not well‑balanced. After adjusting by the IPTW
method, several factors have been still unbalanced
(absolute STD >0.1). However, all these variables were
included in the multivariable analysis.
Figure 3 demonstrates odds ratio of each outcome
classified by mechanisms of cardiac arrest. Calcium

Figure 1: Study flowchart
70

administration during cardiac arrest was not
associated with any better outcomes. For a traumatic
cardiac arrest, giving calcium might decrease the
chance of ROSC (P < 0.001) and survival to hospital
admission (P = 0.03). Table 2 summarizes the outcomes
following a cardiac arrest based on serum potassium and
serum calcium levels.
In addition, the administration of calcium during CPR
was not associated with good outcomes across OHCA
and cardiac arrest at the ED. The details of each outcome
categorized by type of cardiac arrest and mechanism
of cardiac arrest are summarized in Table S1 in the
Supplementary Data.

Discussion
This study documents 599 consecutive adults.
Seventy‑two (12%) were given calcium during
resuscitation at the ED. Calcium administration during
cardiac arrest was not associated with a better chance of
ROSC. Besides, calcium therapy administered during a
traumatic cardiac arrest was associated with unfavorable
outcomes. Moreover, giving calcium during resuscitation
in patients with hypocalcemia may decrease the chances
of ROSC.
Previous research found that calcium administration
during CPR may benefit some groups of patients with
asystole and pulseless electrical activity;[21,22] however,
subsequent studies of calcium administration during
resuscitation found no benefits and may be detrimental.[3]
Consequently, the AHA has recommended that calcium
be used only in specific resuscitation situations.[23] Van
Walraven et al. reported the association of calcium
administration during CPR with a decreased survival
at 1 h at ED among 773 adult IHCAs (adjusted odds
ratio [aOR] 0.32, 95% confidence interval [CI] 0.18–0.55).[14]
Furthermore, calcium uses in patients with serum
potassium levels >5.5 mmol/L was not associated with
improved outcomes. Wang et al., on the other hand,
discovered that giving calcium and sodium bicarbonate
to patients with hyperkalemia during cardiac arrest may
be beneficial.[24] The main distinction is that Wang et al.
only studied IHCA, whereas our study included both
OHCA and IHCA. Besides, CPR duration has been shown
to be an independent predictor for the resuscitation
outcomes.[25] Wang et al. did not demonstrate the CPR
duration in each group whereas our study found that
patients with cardiac arrest who received calcium had
more CPR duration compared to the control group. It
should be imperative that the mortality rate from cardiac
arrest rises dramatically over time. As a result, the fact
that calcium was given while CPR was being performed
could influence the results of our study.
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Table 1: Characteristics of patients included in this study
Variables
Age (years), mean±SD
Sex – male, n (%)
Time on arrival, n (%)
Day (8.01-16.00)
Evening (16.01-24.00)
Night (0.01-8.00)
Mechanism of cardiac arrest, n (%)
Trauma
Nontrauma
Location of cardiac arrest, n (%)
Out‑of‑hospital
Emergency department
Shockable initial presenting rhythm, n (%)
Total CPR duration (min), median (IQR)
Received epinephrine during CPR, n (%)
Total administered dose of adrenaline (mg), median (IQR)
Received bicarbonate during CPR, n (%)
Received glucose during CPR, n (%)
Received amiodarone during CPR, n (%)
Received lidocaine during CPR, n (%)
Serum calcium level (mg/dL), mean±SD
Serum potassium level (mmol/L), mean±SD
Serum bicarbonate level (mmol/L), mean±SD
Serum arterial pH, mean±SD

Total (n=599)
57.8±21.3
374 (62.4)

Calcium (n=72)
57.6±19.4
41 (56.9)

Noncalcium (n=527)
57.9±21.6
333 (63.2)

STD (%)
−0.012
−0.127

206 (34.4)
172 (28.7)
221 (36.9)

27 (37.5)
21 (29.2)
24 (33.3)

179 (34.0)
151 (28.7)
197 (37.4)

+0.090

179 (29.9)
420 (70.1)

13 (18.1)
59 (81.9)

166 (31.5)
361 (68.5)

−0.314

370 (61.8)
229 (38.2)
68 (11.4)
12 (5-28)
549 (91.7)
3 (1-7)
196 (32.7)
68 (11.4)
54 (9.0)
22 (3.7)
8.1±1.6
4.6±1.6
15.3±6.5
7.03±0.24

58 (80.6)
14 (19.4)
7 (9.7)
28 (13-32)
72 (100.0)
7 (4-8.5)
62 (86.1)
21 (29.2)
12 (16.7)
10 (13.9)
8.4±2.2
5.9±2.7
13.4±6.2
6.97±0.26

312 (59.2)
215 (40.8)
61 (11.6)
10 (4-23)
477 (90.5)
2 (1-6)
134 (25.4)
47 (8.9)
42 (8.0)
12 (2.3)
8.1±1.5
4.5±1.3
15.5±6.5
7.03±0.24

+0.477
−0.060
+0.678
+0.457
+0.912
+1.536
+0.530
+0.265
+0.433
+0.164
+0.677
−0.329
−0.264

CPR: Cardiopulmonary resuscitation, IQR: Interquartile range, SD: Standard deviation, STD: Standardized difference

Figure 2: Balance in prognostic factors at baseline based on absolute standardized difference in the unweighted and weighted samples. CPR: Cardiopulmonary
resuscitation, ED: Emergency department

Interestingly, calcium administered during CPR
in traumatic cardiac arrest was associated with
significantly decreased ROSC (aOR 0.02, 95%
CI 0.00–0.09) and survival to hospital admission
(aOR 0.16, 95% CI 0.03–0.84). Major traumatic patients
who received calcium replacement during resuscitation
had a higher in‑hospital mortality (P < 0.05), which was
consistent with Cornelius et al.[26] Recently, trends in
the management of severely traumatic patients have
recommended implementing a massive transfusion
protocol, which has the unintended consequence

of worsening hypocalcemia. [26] However, current
international guidelines for calcium replacement in
major traumatic patients and massive transfusion
are limited.[27] Despite the increased risk of mortality
associated with hypocalcemia is well documented,[28] the
use of calcium therapy in improving these outcomes is
debatable.[26] As a result, this study may provide some
insight into the use of calcium in trauma patients.
This study provides some important implications.
Despite earlier evidence demonstrated that the rate of use
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Figure 3: Weighted multivariable logistic regression analysis separated by outcomes and stratified by mechanism of cardiac arrest. CI: Confidence interval, N/A: not
applicable, OR: Odds ratio, ROSC: Return of spontaneous circulation

Table 2: Outcomes after cardiac arrest stratified by serum potassium and serum calcium levels
Patients with serum potassium level <3.5 mmol/L
ROSC (n=103)
Survival to hospital admission (n=103)
Survival to hospital discharge (n=100)
Favorable neurological outcome (n=99)
Patients with serum potassium level between 3.5 and 5.5 mmol/L
ROSC (n=248)
Survival to hospital admission (n=246)
Survival to hospital discharge (n=240)
Favorable neurological outcome (n=235)
Patients with serum potassium level >5.5 mmol/L
ROSC (n=248)
Survival to hospital admission (n=248)
Survival to hospital discharge (n=243)
Favorable neurological outcome (n=238)
Patients with serum calcium level <8.5 mg/dL
ROSC (n=265)
Survival to hospital admission (n=264)
Survival to hospital discharge (n=252)
Favorable neurological outcome (n=247)
Patients with serum calcium level between 8.5 and 10.2 mg/dL
ROSC (n=163)
Survival to hospital admission (n=162)
Survival to hospital discharge (n=161)
Favorable neurological outcome (n=155)
Patients with serum calcium level >10.2 mg/dL
ROSC (n=171)
Survival to hospital admission (n=171)
Survival to hospital discharge (n=170)
Favorable neurological outcome (n=170)

Total

Calcium

Noncalcium

P

84 (81.6)
60 (58.3)
22 (22.0)
9 (9.1)

7 (87.5)
6 (75.0)
2 (25.0)
1 (12.5)

77 (81.1)
54 (56.8)
20 (21.7)
8 (8.8)

0.65
0.32
0.83
0.73

205 (82.7)
136 (55.3)
52 (21.7)
25 (10.6)

6 (40.0)
4 (26.7)
3 (20.0)
2 (13.3)

199 (85.4)
132 (57.1)
49 (21.8)
23 (10.5)

<0.001
0.02
0.87
0.73

108 (43.5)
46 (18.5)
14 (5.8)
6 (2.5)

18 (36.7)
5 (10.2)
2 (4.1)
0

90 (45.2)
41 (20.6)
12 (6.2)
6 (3.1)

0.28
0.09
0.57
0.22

216 (81.5)
131 (49.6)
45 (17.9)
21 (8.5)

13 (65.0)
6 (30.0)
2 (10.0)
0

203 (82.9)
125 (51.2)
43 (18.5)
21 (9.2)

0.05
0.07
0.34
0.17

138 (84.7)
100 (61.7)
40 (24.8)
17 (11.0)

12 (66.7)
8 (44.4)
5 (27.8)
3 (17.6)

126 (86.9)
92 (63.9)
35 (24.5)
14 (10.1)

0.03
0.11
0.76
0.35

43 (25.1)
11 (6.4)
3 (1.8)
2 (1.2)

6 (17.6)
1 (2.9)
0
0

37 (27.0)
10 (7.3)
3 (2.2)
2 (1.5)

0.26
0.35
0.38
0.48

ROSC: Return of spontaneous circulation

of calcium has increased over time [12], our study revealed
the difference. The rate of calcium administration in our
study was only 12%. This study also demonstrated that
72

calcium administration during cardiac arrest without
certain indications is associated with unfavorable
outcomes, possibly because of effects of reperfusion
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injury to the ischemic heart, brain, and other vital organs
mediated by calcium.[29]
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This study has some limitations since it is retrospective.
First, the study design resulted in a lack of explicit
documentation of the specific indications for calcium
use during CPR. The reasons for calcium administration
could have provided further evidence for the influence of
calcium on outcomes. Second, this study did not collect
the time in which calcium was administered during CPR.
Since the outcomes of CPR were mainly influenced by
the CPR duration, it might not be concluded that calcium
administration is solely associated with unfavorable
outcomes. However, we have attempted to minimize
these biases by using inverse probability weighting with
double adjustment. Further study should also focus on
the timing and dosage of calcium administration as it
corresponds to the outcomes. Furthermore, our study did
not address the calcium dose given to patients. Finally,
despite the use of appropriate analytical methods, it is
possible that the existing data from our registry did not
capture other unmeasured confounders of outcomes.
As a result, the observed associations between calcium
use and unfavorable outcomes may not be causal, and
the possibility that calcium is used more frequently in
cardiac arrest patients with a lower chance of survival
cannot be ruled out.
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Table S1: Weighted multivariable logistic regression analysis stratified by outcomes and categorized by type of
cardiac arrest (out‑of‑hospital cardiac arrest and cardiac arrest at the emergency department) and mechanism of
cardiac arrest (traumatic and nontraumatic cause)
Total study
population
mOR
Model 1: Out‑of‑hospital cardiac arrest (n=370)
ROSC
Survival to hospital admission
Survival to hospital discharge
Favorable neurological outcomes
Model 2: Cardiac arrest at the emergency department (n=229)
ROSC
Survival to hospital admission
Survival to hospital discharge
Favorable neurological outcomes

95% CI

Presumed traumatic
cause

Presumed nontraumatic
cause

mOR

mOR

95% CI

95% CI

0.53
1.53
0.99
0.73

0.20
0.53
0.33
0.11

1.41
4.40
3.00
4.71

0.01
0.36
0.49
N/A

0.00
0.40
0.42
N/A

0.12
3.19
5.77
N/A

2.42
3.86
1.49
0.63

0.94
1.22
0.40
0.79

6.22
12.22
5.53
5.16

0.58
0.82
3.66
22.68

0.17
0.22
0.39
0.86

197
3.07
34.22
600.12

N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A

0.52
1.29
5.15
22.12

0.12
0.27
0.58
1.19

2.23
6.19
45.53
409.84

CI: Confidence interval, mOR: Multivariable odds ratio, N/A: Not applicable, ROSC: Return of spontaneous circulation

