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Abstract

Background

Calcium level is associated with sudden cardiac death based on several cohort studies.

However, there is limited evidence on the association between ionized calcium, active form

of calcium, and resuscitation outcome. This study aimed to evaluate the potential role of

ionized calcium in predicting resuscitation outcome in patients with out-of-hospital cardiac

arrest.

Methods

We analyzed the Korean Cardiac Arrest Research Consortium data (KoCARC) registry, a

web-based multicenter registry that included 65 participating hospitals throughout the

Republic of Korea. The patients with out-of-hospital cardiac arrest over 19 years old and

acquired laboratory data including calcium, ionized calcium, potassium, phosphorus, creati-

nine, albumin at emergency department (ED) arrival were included. The primary outcome

was successful rate of return of spontaneous circulation (ROSC) and the secondary out-

comes were survival hospital discharge and favorable neurological outcome (cerebral per-

formance category 1 or 2) at hospital discharge.

Results

Eight-hundred and eighty-three patients were enrolled in the final analysis and 448 cases

(54%) had ROSC. In multivariable logistic regression analysis, ionized calcium level was

associated with ROSC (odds ratio, 1.77; 95% CI1.28–2.45; p = 0.001) even though calcium

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0240420 October 12, 2020 1 / 11

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Kim SJ, Kim HS, Hwang SO, Jung WJ,

Roh YI, Cha K-C, et al. (2020) Ionized calcium level

at emergency department arrival is associated with

return of spontaneous circulation in out-of-hospital

cardiac arrest. PLoS ONE 15(10): e0240420.

https://doi.org/10.1371/journal.pone.0240420

Editor: Andrea Ballotta, IRCCS Policlinico S.

Donato, ITALY

Received: April 27, 2020

Accepted: September 26, 2020

Published: October 12, 2020

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pone.0240420

Copyright: © 2020 Kim et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: Data cannot be

shared publicly because of consent of personal

information. Data are available from the Korean

Cardiac Arrest Research Consortium data registry

http://orcid.org/0000-0002-8169-5750
http://orcid.org/0000-0002-7431-9722
http://orcid.org/0000-0003-4585-3181
http://orcid.org/0000-0003-1818-2466
https://doi.org/10.1371/journal.pone.0240420
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0240420&domain=pdf&date_stamp=2020-10-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0240420&domain=pdf&date_stamp=2020-10-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0240420&domain=pdf&date_stamp=2020-10-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0240420&domain=pdf&date_stamp=2020-10-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0240420&domain=pdf&date_stamp=2020-10-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0240420&domain=pdf&date_stamp=2020-10-12
https://doi.org/10.1371/journal.pone.0240420
https://doi.org/10.1371/journal.pone.0240420
http://creativecommons.org/licenses/by/4.0/


level was not associated with ROSC (odds ratio, 0.87; 95% CI 0.70–1.08; p = 0.199). How-

ever, ionized calcium level was not associated with survival discharge (odds ratio, 0.99;

95% CI 0.72–1.36; p = 0.948) or favorable neurologic outcome (odds ratio, 0.45; 95% CI

0.03–6.55, p = 0.560).

Conclusion

A high ionized calcium level measured during cardiopulmonary resuscitation was associ-

ated with an increased likelihood of ROSC.

Introduction

Low serum calcium level is associated with the development of sudden cardiac death [1, 2].

Hypocalcemia can cause prolongation of QT interval, resulting in torsade de pointes and car-

diac arrest, so it is should be properly managed through the administration of calcium chloride

or calcium gluconate [3]. Calcium administration in the treatment of patients with cardiac

arrest was initially recommended by the American Heart Association Guidelines for advanced

life support in 1974 [4]. At that time, it was recommended in patients with any type of rhythm

based on the physiologic effect of calcium on cardiac contractility, not on clinical evidence.

Therefore, the recommendation was withdrawn since the establishment of cardiopulmonary

resuscitation (CPR) guidelines in 2000 because there were studies against the use of calcium

during resuscitation, and this has not been changed despite the references being small popula-

tion-based studies with low level of evidence [5, 6]. However, the effect of calcium misinter-

preted because the administration of calcium in these studies was not based on the serum

calcium level during CPR. Furthermore, ionized calcium level is a better parameter than total

calcium level in monitoring or treating a patient needing calcium replacement. Thus, monitor-

ing the ionized calcium level might be helpful in maintaining optimal cardiac contractility in a

patient with cardiac arrest.

In the Republic of Korea, research collaborators have conducted a large-population-based

multicenter cohort study on out-of-hospital cardiac arrest, including total calcium and ionized

calcium levels at emergency department (ED) arrival. These calcium levels could be associated

with the cause or prognosis of cardiac arrest because these are collected immediately after the

occurrence of cardiac arrest. We conducted a study to evaluate the potential role of ionized cal-

cium level on resuscitation outcomes in a patient with out-of-hospital cardiac arrest using a

Korean registry.

Methods

Data source

This was a registry-based, prospective observational study that analyzed the Korean Cardiac

Arrest Research Consortium (KoCARC) registry data between 2014 and 2018. The KoCARC

registry is a web-based multicenter registry including 64 participating hospitals throughout the

Republic of Korea (ClinicalTrials.gov, number NCT03222999).

Variables in the KoCARC registry include patient information (e.g., age, sex, medical his-

tory, do-not-resuscitate information, and witness of cardiac arrest), community and prehospi-

tal resuscitation (e.g., place, time, etiology of cardiac arrest, existence of bystander, bystander

CPR, emergency medical service resuscitation, prehospital defibrillation, and resuscitation
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duration at scene and during transportation), hospital resuscitation (e.g., advanced airway,

total administered dose of epinephrine, frequency of defibrillation, and laboratory tests at ED

arrival), post-resuscitation care (e.g., targeted temperature management (TTM), vasopressor

administration, and coronary intervention), and patient outcomes (e.g., return of spontaneous

circulation (ROSC), survival to hospital discharge, and neurologic outcome at hospital dis-

charge and 6 months after cardiac arrest occurrence) [7].

In all participating hospitals, the laboratory test was conducted upon ED arrival and

optional at the time of KoCARC registry establishment (October 2015), but it was changed to

obligatory variables since July 2017. The test variables were as follows: white blood cell count;

hemoglobin count; platelet count; sodium, potassium, blood urea nitrogen (BUN), creatinine,

aspartate aminotransferase, alanine aminotransferase, total bilirubin, albumin, calcium, ion-

ized calcium, magnesium, phosphorous, total protein, glucose, total cholesterol, B-type natri-

uretic peptide, and d-dimer levels; and prothrombin time. Arterial blood gas analysis,

including partial pressure of oxygen, partial pressure of carbon dioxide, base excess, arterial

saturation, and lactate level, was also performed.

The Data Safety and Monitoring Board Committee of the KoCARC was organized to pro-

vide data quality control.

Study variables

The following demographic, clinical, and laboratory parameters were obtained from the

KoCARC registry: age; sex; total CPR duration; estimated time from collapse to ED arrival;

witness of cardiac arrest; bystander CPR; initial presenting rhythm; total administered dose of

epinephrine; and blood tests acquired at ED arrival, including calcium, ionized calcium, and

variables parameters known to affect calcium level, such as creatinine, potassium, BUN, mag-

nesium, phosphorus, and albumin levels and arterial pH [8]. Data on TTM, survival to dis-

charge, and favorable neurologic outcome were also collected. Estimated time from collapse to

ED arrival was obtained by evaluating the time gap from collapse to blood sampling, and

favorable neurologic outcome was defined as having a cerebral performance category score of

1 or 2.

This study protocol was approved by the Institutional Review Board of Wonju Severance

Christian Hospital (IRB No.CR319065).

Study endpoints

The primary outcome was the ROSC rate, and secondary outcomes were survival to hospital

discharge and favorable neurologic outcome at hospital discharge.

Statistical analysis

To compare the characteristics between the ROSC and non-ROSC groups, two-sample t-test

was used for continuous variables, and the chi-square test or Fisher’s exact test was used to

compare categorical variables. To analyze the factors associated with ROSC, survival to dis-

charge, and favorable neurologic outcome, univariable and multivariable logistic regression

analyses were performed, and cubic spline was fitted to estimate the odds ratio (OR).

Analyses were performed using the SAS program (version 9.4, SAS Institute Inc., Cary, NC,

USA). A P-value < 0.05 was considered statistically significant.
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Results

General characteristics

During the study period, 7,525 patients were enrolled in the KoCARC registry. Patients who

were transferred from other hospitals (n = 1,251), aged<19 years (n = 177), with a do-not-

resuscitate order (n = 477), with insufficient data (n = 119), and with missed laboratory data

(n = 4,670) were excluded (S1 Fig). Finally, 831 patients were included in the final analysis.

There were 545 (66%) men, and the mean age was 68 (±15) years. The total CPR duration

and estimated time from collapse to ED arrival were longer in the non-ROSC group (p = 0.001

and p<0.001, respectively). Witnessed cardiac arrest and bystander CPR were more frequently

observed in the ROSC group (p<0.001). Regarding the initial presenting rhythm, ventricular

fibrillation and pulseless ventricular tachycardia were more frequently observed in the ROSC

group (p<0.001), but the total administered dose of epinephrine was higher in the non-ROSC

group (p<0.001). In the laboratory tests, potassium (p = 0.020), calcium (p = 0.015), and mag-

nesium (p = 0.015) levels were higher in the non-ROSC group, whereas ionized calcium level

was higher in the ROSC group (p<0.001). TTM was performed in all patients with ROSC

(Table 1).

Factors associated with ROSC

In the univariable logistic regression analysis, factors associated with ROSC were verified, and

the result is shown in Table 2. Total CPR duration, estimated time from collapse to ED arrival,

witnessed cardiac arrest, and total administered dose of epinephrine were associated with

Table 1. General characteristics.

Variable Total (N = 831) Non-ROSC (n = 383) ROSC (n = 448) P value

Male sex, n (%) 545 (65.6) 253 (66.0) 292 (65.2) 0.790

Age, year, mean ± SD 68.3 ± 14.9 70.0 ± 14.6 66.8 ± 15.0 0.002

Total CPR duration 53.8 ± 90.7 65.4 ± 107.4 43.9 ± 72.8 0.001

Estimated time from collapse to ED arrival (min), mean ± SD 41.6 ± 70.5 53.30 ± 93.8 31.6 ± 38.4 <0.001

Witness of cardiac arrest, n (%) 551 (66.3) 221 (57.7) 330 (73.7) <0.001

Bystander CPR, n (%) 434 (52.4) 104 (28.3) 151 (34.7) <0.001

Initial presenting rhythm, n (%) <0.001

VF/pVT 134 (16.1) 53 (13.8) 81 (18.9)

Pulseless electrical activity 228 (27.4) 79 (20.6) 149 (33.3)

Asystole 469 (56.4) 251 (65.5) 218 (48.7)

Total administered dose of epinephrine (mg), mean ± SD 6.67 ± 5.0 8.5 ± 4.74 5.07 ± 4.71 <0.001

Creatinine level (mg/dL), mean ± SD 2.32 ± 5.8 2.2 ± 3.3 2.42 ± 7.3 0.578

Potassium level (mmol/L), mean ± SD 6.15 ± 5.0 6.6 ± 2.2 5.8 ± 6.5 0.020

BUN level (mg/dL), mean ± SD 30.76 ± 29.0 33.0 ± 35.9 28.9 ± 21.5 0.053

Calcium level (mg/dL), mean ± SD 8.61 ± 1.4 8.75 ± 1.6 8.5 ± 1.2 0.015

Ionized calcium level (mmol/L), mean ± SD 2.00 ± 1.5 1.79 ± 1.4 2.2 ± 1.6 <0.001

Magnesium level (mEq/L), mean ± SD 2.45 ± 0.8 2.53 ± 0.8 2.4 ± 0.8 0.015

Phosphorus level (mg/dL), mean ± SD 8.66 ± 8.0 8.73 ± 2.9 8.6 ± 10.6 0.847

Albumin level (g/dL), mean ± SD 3.43 ± 10.8 3.89 ± 15.9 3.0 ± 0.8 0.306

Arterial pH (pH), mean ± SD 7.01 ± 2.1 7.09 ± 3.1 7.0 ± 0.2 0.396

TTM after ROSC, n (%) 448 (100)

BUN, blood urea nitrogen; CPR, cardiopulmonary resuscitation; ED, emergency department; pVT, pulseless ventricular tachycardia; ROSC, return of spontaneous

circulation; SD, standard deviation; TTM, targeted temperature management; VF, ventricular fibrillation. Significance level set at a P< 0.05.

https://doi.org/10.1371/journal.pone.0240420.t001
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ROSC, but bystander CPR was not associated with it. In the laboratory test upon ED arrival,

calcium, ionized calcium, and magnesium levels were associated with ROSC.

Analysis of the effect of calcium or ionized calcium level at ED arrival on

ROSC

The multivariable logistic regression analysis was performed to verify the effect of calcium or

ionized calcium level at ED arrival on ROSC. Model 1 was created based on variables with a P-

value <0.1 in the univariable logistic regression analysis. Model 2 was created based on vari-

ables known to affect the serum calcium or ionized calcium levels, such as creatinine, potas-

sium, BUN, magnesium, phosphorus, and albumin levels and arterial pH. Models 1 and 2

were adjusted simultaneously in model 3. In adjusted model 3, the ionized calcium level was

associated with ROSC (OR: 1.89, 95% CI: 1.35–2.66; p<0.001) even though the total calcium

level was not associated with ROSC (OR: 0.87, 95% CI: 0.70–1.08; p = 0.199) (Tables 3 and 4).

Cubic spline was fitted to visualize differences in the OR of ROSC according to ionized cal-

cium level, and the difference in OR by sex was also analyzed. The OR of ROSC increased pro-

portionally to the ionized calcium level, and this tendency was shown in both sexes (Fig 1).

Relationship between survival to discharge and favorable neurologic

outcome and ionized calcium level

Ionized calcium level was not associated with survival to discharge (OR: 0.99, 95% CI: 0.72–

1.36; p = 0.948) or favorable neurologic outcome (OR: 0.45, 95% CI: 0.03–6.55; p = 0.560) (S1

Table).

Discussion

The ionized calcium level at ED arrival was associated with successful ROSC in this study.

Table 2. Factors associated with ROSC in the univariate logistic regression analysis.

Variable Odds ratio 95% CI P value

Age 0.99 0.98–1.00 0.002

Sex (ref. female) 0.96 0.72–1.28 0.791

Total CPR duration (min) 0.98 0.97–0.99 <0.001

Estimated time from collapse to ED arrival (min) 0.99 0.98–0.99 <0.001

Witness of cardiac arrest 2.05 1.53–2.75 <0.001

Bystander CPR 1.35 1.00–1.82 0.054

Initial shockable rhythm 1.37 0.94–2.00 0.098

Total administered dose of epinephrine (mg) 0.84 0.81–0.87 <0.001

Creatinine level (mg/dL) 1.01 0.98–1.04 0.607

Potassium level (mmol/L) 0.95 0.90–1.00 0.069

BUN level (mg/dL) 1.00 0.99–1.00 0.051

Calcium level (mg/dL) 0.88 0.80–0.98 0.015

Ionized calcium level (mmol/L) 1.18 1.08–1.29 <0.001

Magnesium level (mEq/L) 0.78 0.64–0.96 0.016

Phosphorus level (mg/dL) 1.00 0.98–1.02 0.847

Albumin level (g/dL) 0.96 0.80–1.16 0.665

Arterial pH 0.96 0.85–1.08 0.465

BUN, blood urea nitrogen; CI, confidence interval; CPR, cardiopulmonary resuscitation; ED, emergency department.

https://doi.org/10.1371/journal.pone.0240420.t002
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Hypocalcemia can induce fatal arrhythmia or cardiac arrest, because calcium is an essential

cation in the generation of myocardial action potential resulting in contraction of cardiac mus-

cles and maintenance of vascular tone [9–11]. Therefore, the maintenance of optimal calcium

level is important to maintain normal cardiac function and systemic perfusion [12]. There was

trial to promote cardiac contractility during CPR based on above biochemical background,

but it was withdrawn from CPR guidelines because of lack of evidence for improving resuscita-

tion outcomes [4–6]. However, this recommendation was based on a small population based

studies analyzing the relation between resuscitation outcomes and total calcium level, not the

ionized calcium [13, 14]. Unfortunately, total calcium level is influenced by various conditions,

such as hypoalbuminemia, azotemia, metabolic acidosis, hyperphosphatemia, lactic acidosis,

and bicarbonate infusion [15, 16]. On the contrary, the free calcium cation, generally called

ionized form, effect the movement between intracellular compartments and specific mem-

brane protein pumps directly, which acts more important than other forms of calcium in the

human body metabolism associated with calcium in physiology and biochemistry [8]. There-

fore, it is recommended that the level of ionized calcium, a more reliable parameter and

metabolized directly in humans, be monitored in clinical practice [17, 18]. We found the ion-

ized calcium level at ED arrival was associated with ROSC and its probability was proportional

to the ionized calcium level in this large-population-based observational study. It might imply

that a prompt determination of the ionized calcium level at ED arrival and immediate infusion

of calcium chloride or gluconate during CPR could promote ROSC [19, 20]. Considering

Table 3. Correlation between calcium level and ROSC in the multivariate logistic regression analysis.

Model Odds ratio 95% CI P value

Crude 0.88 0.80–0.98 0.014

Model 1† 0.90 0.79–1.02 0.110

Model 2‡ 0.88 0.73–1.06 0.171

Model 3§ 0.87 0.70–1.08 0.199

CI, confidence interval; CPR, cardiopulmonary resuscitation; ED, emergency department; ROSC, return of

spontaneous circulation.
†Adjusted for age, sex, total CPR duration, estimated time from collapse to ED arrival, witness of cardiac arrest,

bystander CPR, and total administered epinephrine dose.
‡Adjusted for magnesium, albumin, phosphorus, blood urea nitrogen, and creatinine levels and arterial pH.
§Adjusted for Model 1 + Model 2.

https://doi.org/10.1371/journal.pone.0240420.t003

Table 4. Relationship between ionized calcium level and ROSC in the multivariate logistic regression analysis.

Model Odds ratio 95% CI P value

Crude 1.18 1.08–1.29 <0.001

Model 1† 1.19 1.06–1.34 0.003

Model 2‡ 1.98 1.45–2.69 <0.001

Model 3§ 1.89 1.35–2.66 <0.001

CI, confidence interval; CPR, cardiopulmonary resuscitation; ED, emergency department; ROSC, return of

spontaneous circulation.
†Adjusted for age, sex, total CPR duration, estimated time from collapse to ED arrival, witness of cardiac arrest,

bystander CPR, total administered epinephrine dose, and calcium level.
‡Adjusted for magnesium, albumin, phosphorus, blood urea nitrogen, creatinine, and calcium levels and arterial pH.
§Adjusted for Model 1 + Model 2.

https://doi.org/10.1371/journal.pone.0240420.t004
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calcium infusion during CPR can be applicable because the ionized calcium level can be

obtained in a short time, even during CPR using a point-of-care arterial blood analyzer widely

used in ED or intensive care unit. Furthermore the effect of calcium can be observed immedi-

ately after infusion because calcium chloride or calcium gluconate can be infused intrave-

nously and acts like ionized calcium without metabolism [21].

The ionized calcium level was not associated with survival to discharge and favorable neu-

rologic outcome in this study. Because post-cardiac arrest care should be performed in patients

with ROSC, most patients resuscitated successfully would be monitored and managed in the

intensive care unit [22]. Electrolyte imbalance would be properly monitored and managed

because it can promote poor prognosis [23, 24]. Therefore, it might be difficult to confirm sur-

vival to discharge with a single parameter such as ionized calcium level at ED arrival, which is

why ionized calcium level was not associated with survival to discharge in this study. TTM is

the most important treatment modality in promoting neurologic outcome and was performed

Fig 1. The trend of odds ratio of return of spontaneous circulation followed by the ionized calcium.

https://doi.org/10.1371/journal.pone.0240420.g001
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in all patients with ROSC in this study [25]. It would not affect neurologic outcomes in

enrolled patients and was also the reason that ionized calcium level was not associated with

favorable neurologic outcome in this study.

The administered epinephrine during CPR could change the level of ionized calcium. In a

previous study, it was noticed that catecholamine could lower the calcium concentration [26].

However the opposite or neutral results from other animal studies were also reported and all

above studies were not performed in patients with cardiac arrest [27, 28]. Therefore we

couldn’t figure out the relation between administered dose of epinephrine and the level of ion-

ized calcium during resuscitation yet. We hope further study could verify the dose responsive-

ness of epinephrine for the level of ionized calcium in patient with cardiac arrest.

This study had several limitations. First, although this study was based on a relatively large

population, selection bias might be present because laboratory tests were not performed in all

patients registered in the KoCARC registry. Second, we did not account diseases that affect cal-

cium homeostasis, such as parathyroid disease, in the medical history. Lastly, although all par-

ticipating hospitals performed advanced life support following current CPR guidelines,

additional calcium or sodium bicarbonate might be administered during resuscitation and

could affect ROSC.

Conclusion

The ionized calcium level at ED arrival is associated with ROSC. Future randomized controlled

studies are needed to verify the precise effect of calcium infusion based on the ionized calcium

level at ED arrival in promoting ROSC.
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