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Abstract: Introduction: Calcium gluconate (CG) administration during cardiopulmonary resuscitation (CPR) has not been rec-
ommended in routine clinical practice. This study examined the impact of prehospital CG administration on outcomes
of out-of-hospital cardiac arrest (OHCA) cases. Methods: This retrospective cohort study collected data on adult pa-
tients aged >18 years who experienced non-traumatic OHCA and were transported by the emergency medical service
(EMS) to the emergency department. Data on return of spontaneous circulation (ROSC) at the scene, survival to hospital
admission, and survival to hospital discharge were obtained from EMS reports and electronic medical records and com-
pared between OHCA cases who received or didn't receive CG. Results: In total, 215 adult patients with non-traumatic
OHCA were enrolled in this study. Among them, 107 received CG and 108 didn'’t receive. In particular, CG administration
was associated with a lower rate of ROSC at the scene compared with cases without its administration (8.6% lower). The
likelihood of ROSC at the scene was 0.75 times that of those who did not receive CG. CG administration was associated
with a lower survival to hospital admission (16.48% lower). The likelihood of survival to hospital admission was 0.42
times that of patients who did not receive CG. In addition, survival to hospital discharge was 7.37% lower in patients
who received CG, and the likelihood of survival to hospital discharge was 0.21 times that of those who did not receive
CG. Conclusion: Prehospital CG administration by the EMS team did not improve ROSC in the scene, survival to hos-
pital admission, or survival to hospital discharge. The findings highlight the need for selective use of calcium based on
guideline-recommended indications rather than empirical administration.
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1. Introduction arrest (4). It has long been known that CG can treat car-
diotoxicity attributed to severe hyperkalemia, which is com-
Out-of-hospital cardiac arrest (OHCA) is an important pub- . vy . . . P .
. . . . . mon in patients with cardiac arrest in emergency depart-
lic health issue across all nations worldwide. OHCA has high . . . .
. . X ments, particularly those with renal failure or other risk fac-
severity and mortality rates at the global population level
(1), even in countries with advanced public health systems
and medicine in all dimensions, such as the United States of
America (2). In 1974, the American Heart Association (AHA)

guidelines recommended the use of calcium chloride or cal-

tors (5). However, a systematic review and meta-analysis
reported that the incidence of hyperkalemia among adults
transported to emergency departments was 2.8 per 100 pa-
tients, with a prevalence of 1.3% (6).

Over the years, there has been a significantly limited num-
ber of studies investigating the efficacy of CG administration
in the emergency medical service (EMS) during CPR in pa-
tients with OHCA. A study conducted in Japan assessed pa-
tients with OHCA who had a mean blood potassium level
of 7.8 mEq/L during CPR. This research revealed that CG or
calcium chloride administration at an optimal level helped
significantly increase the likelihood of ROSC, particularly in
those with a potassium level of < 9.4 mEq/L. However, this
group still had an extremely low rate of survival to hospital

cium gluconate (CG) in patients with cardiac arrest based
on cardiac physiology without the consideration of clinical
evidence (3). In 2000, the cardiopulmonary resuscitation
(CPR) guidelines withdrew its recommendation for calcium
administration. This is because other studies have shown
that calcium administration was not associated with return
of spontaneous circulation (ROSC) in patients with cardiac
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diagnosis and immediate treatment within the limited time
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frame of CPR (8).

As a developing country, Thailand’s emergency medical sys-
tem, especially its prehospital emergency medical system, al-
lows prehospital emergency medical operators to treat pa-
tients with OHCA with CG in prehospital settings. This con-
dition has limitations. In particular, an electrolyte analyzer,
which is a point-of-care (POC) device, is not available in
EMS ambulances or during prehospital management at the
scene. Therefore, paramedics or emergency nurse practi-
tioners (ENPs) cannot identify hyperkalemia during resusci-
tation. Some studies have recommended CG or sodium bi-
carbonate administration in patients suspected with the con-
dition (8). Nevertheless, this requires assumptions regarding
the clinical context such as underlying diseases (particularly
chronic kidney disease), medication history, or suspected hy-
perkalemia based on electrocardiography findings when ad-
ministering medications without the support of laboratory
data. This may decrease treatment efficiency or increase the
risk of adverse drug effects (9). This study examined the ef-
fect of prehospital CG administration during CPR on the out-
comes of patients with OHCA.

2. Methods
2.1. Study design and setting

This retrospective, single-center cohort study was conducted
at the Vajira Emergency Medical Service (V-EMS), Bangkok,
Thailand, from January 1, 2018, to October 31, 2023. Patients
with OHCA were divided into two groups of received or not
received CG and their outcomes regarding ROSC at the scene,
survival to hospital admission, and survival to hospital dis-
charge were compared.

V-EMS is the zone leader for EMS area 1, which is one of 11
zones within Bangkok’s EMS system. It operates under the
Erawan Center and coordinates with six public and private
hospitals, within its 50-square-kilometer area, serving a pop-
ulation of approximately 500,000 residents (10, 11). For pa-
tients with OHCA in the V-EMS service area, one EMS team is
dispatched for each case. The team comprised at least three
staff, which included paramedics or ENPs, an operation team
leader, and emergency medical technicians. During each op-
eration, paramedics or ENPs would operate under offline and
online medical protocols under the emergency physicians’
orders. In case of cardiac arrest, the paramedics or ENPs
managed the patients based on the 2020 AHA guidelines All
staff have passed the advanced cardiovascular life support
provider training.

This study follows the standard data reporting format in ac-
cordance with the Standards for the Reporting of Observa-
tional Studies in Epidemiology statement (12) and conducted
in accordance with the 1975 Declaration of Helsinki and its
revised version in 2000. It was approved by the Institutional
Review Board of the Faculty of Medicine, Vajira Hospital,
Navamindradhiraj University (COA no. 079/2567). The need
for informed consent was waived due to the retrospective na-

ture of the study and the anonymity of all patient data.

2.2. Participants

Data on adult patients with OHCA were collected from the
EMS patient care report. Cardiac arrest was coded with Thai-
land Emergency Medical Triage Protocol and Criteria-Based
Dispatch (TEMTP-CBD) symptom group 6.

The eligibility criteria were adult patients aged > 18 years who
had non-traumatic OHCA, were visited by the V-EMS unit,
were coded with TEMTP-CBD symptom group 6, and those
who had cardiac arrest and needed to be transported to the
Emergency Department.

The exclusion criteria were as follows: patients who died
before ambulance arrival at the scene, those with signs of
irreversible death who could not be resuscitated based on
the judgment of team leaders, those who had CPR during
transfer, and those with do not attempt to resuscitate order,
metastatic malignancy, incomplete data, or no record of re-
lated resuscitation.

2.3. Data gathering

Data on patients with OHCA were collected from EMS pa-
tient care reports, which recorded advanced EMS operation.
These reports followed a standardized format used by the
Bangkok EMS Center (Erawan Center) and the Bangkok Ad-
vanced Emergency Operation Unit. This form comprised
data on EMS operation units, patients, and all treatments
provided by the EMS teams, which were recorded by dis-
patchers, paramedics, or ENPs operating at the scene. These
data were part of the remuneration package for EMS opera-
tion units. Survival data from admission to discharge were
extracted from the electronic medical records of Vajira Hos-
pital. All data were entered and recorded in Microsoft Excel.
The data comprised the following: 1) general characteris-
tics of patients with OHCA, including gender, age, underlying
disease, type of location, cause of cardiac arrest, witnessed
collapse, performance of bystander CPR, initial rhythm, de-
fibrillation, advanced airway management, prehospital fluid
access, total CPR time, use of medication during CPR, time
from CPR to CG administration, and dosage of CG; and 2)
study outcomes, including ROSC at the scene, survival to ad-
mission, and survival to discharge. The treatment outcomes
were monitored every 30 days by the principal investigator
(TH). The outcomes of in-patient status were monitored via
areview of EMRs.

2.4. Definitions were as follows

1) ROSC at the scene was defined as return of spontaneous
circulation, ability of the heart to pump blood throughout the
body, and palpable pulse and measurable blood pressure at
the scene.

2) Survival to hospital admission was defined as the survival
of patients with OHCA until hospital admission in in-patient
departments, including the intensive care unit, cardiac in-
tensive care unit, or general in-patient department. The data
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were obtained via a review of the hospital’s EMR.

3) 30-day survival was defined as being alive on the 30th
day after the index OHCA event (counted as day 1), as docu-
mented in the hospital’s EMR. Patients who were transferred
to another facility or discharged to hospice care were fol-
lowed through EMR linkage and considered alive if docu-
mented as such on day 30.

2.5. Determination of sample size

Sample size estimation was performed using a test for two in-
dependent proportions (13), with a significance level of 0.05
(a = 0.05) and a power of 90%. The statistical values from
the study of Wongtanasarasin W et al. (5) were used in the
calculation. The previous study showed that the ROSC rates
of the groups with and without prehospital CG administra-
tion during CPR were 43.06% (p1 = 0.4306; 31/42) and 69.45%
(p2 = 0.6945; 366/527), respectively. Based on the retrospec-
tive population distribution, the sample size ratio of 2.71 be-
tween the comparison and study groups was applied. Us-
ing the sample size calculation formula, the calculated sam-
ple size of the study group (which included patients who re-
ceived CG) was at least 49. Meanwhile, the calculated sample
size of the comparison group (which comprised patients who
did not receive CG) was 133. Thus, the total number of par-
ticipants was 182. An additional 15% was added to prevent
incomplete data. The sample size calculated using the for-
mula (nnew = 182 / (1-0.15)) was 215. Therefore, this study
determined a sample size of 215. Simple random sampling
was performed on patients with prehospital cardiac arrest
dispatched to the V-EMS unit.

2.6. Statistical analysis

Descriptive analysis was performed to determine the distri-
bution of variables. Continuous variables are presented as
mean + standard deviation (SD), whereas categorical vari-
ables are presented as frequencies and proportions. Differ-
ences between the two studied groups were evaluated using
the independent t-test or Mann-Whitney U test for numeric
variables and the chi-square test or Fisher’s exact test for cat-
egorical variables.

The effect of prehospital CG administration during CPR on
the outcomes of ROSC at the scene, survival to hospital ad-
mission, and survival to hospital discharge were assessed via
propensity score matching using inverse probability weight-
ing (IPW). Data were expressed as standardized difference
(STD) to assess potential confounding factors associated
with the indication for CG application. Factors with STD >
0.1 were analyzed in the multivariate analysis to further con-
trol the influence. Covariate balance was assessed using STD
for each variable, presented in Table 1, both before and after
IPW.

Poisson regression with robust variance was conducted to es-
timate the primary effect measure, the risk ratio (RR), with
corresponding 95% confidence intervals (CIs). Risk differ-
ences (RDs) with 95% Cls were additionally estimated using
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generalized linear models with an identity link as comple-
mentary measures. A p-value < 0.05 was considered statis-
tically significant. All analyses were performed using Stata
version 17.0 (StataCorp College Station, TX, USA).

3. Results

3.1. Baseline characteristics of studied patients

215 patients met the eligibility criteria and were enrolled in
this study. Among them, 107 (49.76%) received CG and 108
(50.23%) didn'’t (Figure 1). The mean time from CPR to CG ad-
ministration was 20.74 + 11.19 minutes and median dosage
of CG was 20 (IQR: 20 — 30) mEq/mL. Table 1 compares the
baseline characteristics of studied patients.

The two groups were similar regarding mean age (p = 0.454);
gender (p = 0.509); bystander CPR (p = 0.541); asystole as
an initial rhythm (p = 0.277); need for defibrillation (p =
0.102); need for advanced airway management with endo-
tracheal tube (p = 0.143); prehospital fluid access (p = 0.621);
epinephrine (p = 0.498), glucose (p = 0.436), and atropine (p =
1.000) used during CPR; and underlying diseases (p = 0.445).
The patients who received CG commonly had cardiac arrest
symptoms at nonpublic places (82.4% vs. 67.3%, respec-
tively; p = 0.011), respiratory failure was the most common
cause of their cardiac arrest (64.8% vs. 48.6%, respectively;
p = 0.034), had more witnessed collapse (84.1% vs. 66.7%,
respectively; p = 0.003), had longer mean total CPR times
(39.71 £ 14.89 vs. 29.40 + 12.77 minutes; p < 0.001), and used
more bicarbonate (86.9% and 44.4%, respectively; p<0.001)
and amiodarone (17.8% and 8.3%, respectively; p = 0.040)
during CPR.

3.2. Effects of CG on outcomes (univariate anal-
ysis)

3.2.1 ROSC

Patients receiving CG had a lower ROSC rate at the scene
(unadjusted risk difference (RD) = -9.99, 95% CI: -18.82 to
-1.15, p = 0.027 and unadjusted risk ratio (RR) = 0.72, 95%
CI: 0.42-1.24, p = 0.236) compared with those who did not
receive CG. Controlling the influence of confounding factors
via propensity score matching with IPW (figure 2), patients
with all types of rhythms who were receiving CG had a lower
frequency of ROSC at the scene (adjusted RD =-8.60, 95% CI:
-17.63 to 0.43, p-value = 0.062 and adjusted RR = 0.75, 95%
CI: 0.44-1.28, p-value = 0.285).

3.2.2 Survival to hospital admission

Patients receiving CG had a lower survival to hospital admis-
sion than those who did not (unadjusted RD =-16.95, 95% CI:
—24.53 t0 -9.37, p < 0.001 and unadjusted RR = 0.41, 95% CI:
0.17-1.00, p-value = 0.050). To control the influence of con-
founding factors via propensity score matching using IPW
(figure 2), in patients with all types of rhythms, those receiv-
ing CG had a lower survival to hospital admission rate than
those who did not (adjusted RD = -16.48, 95% CI: -24.64 to
-8.33, p < 0.001 and adjusted RR = 0.42, 95% CI: 0.18-1.03, p-
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value = 0.058)

3.2.3 Survival to hospital discharge

Patients receiving CG had a lower survival to hospital dis-
charge rate than those who did not (unadjusted RD = -3.32,
95% CI: -6.30 to —0.33, p = 0.029 and unadjusted RR = 0.19,
95% CI: 0.02-1.63, p-value = 0.131). To control the influence
of confounding factors using propensity score matching with
IPW (figure 2), in patients with all types of rhythms, those re-
ceiving CG had a lower survival to hospital discharge than
those who did not (unadjusted RD = -7.37, 95% CI: -16.48,
to 1.74, p = 0.113 and adjusted RR = 0.21, 95% CI: 0.02-1.92,
p-value = 0.167).

3.3. Multivariable analysis

Multivariable analysis of the effects of prehospital CG admin-
istration during cardiopulmonary resuscitation based on a
subgroup analysis according to initial rhythm is presented
in table 3. After adjustment using propensity score match-
ing with IPW, patients receiving CG showed lower survival to
hospital discharge than those who did not (unadjusted RD =
-7.37, 95% CI -16.48 to 1.74, p = 0.113; adjusted RR = 0.21,
95% CI 0.02-1.92, p = 0.167). In the ventricular fibrillation
(VF) subgroup, survival was also lower among those receiv-
ing CG (unadjusted RD =-10.36, 95% CI -33.79 to 13.06, p =
0.386; adjusted RR =0.70, 95% CI 0.06-8.13, p = 0.775). Analy-
sis for asystole, pulseless electrical activity (PEA), and pulse-
less ventricular tachycardia (pVT) was not performed due to
limited sample sizes.

4, Discussion

This study found that prehospital CG administration in
adults with non-traumatic OHCA was associated with poorer
outcomes. Patients receiving CG had lower rates of ROSC at
the scene, survival to hospital admission, and survival to dis-
charge compared with those who did not receive it.

Our findings were consistent with prior systematic reviews,
which reported that calcium administration during CPR did
not improve short-term survival (immediate ROSC), mid-
term survival (30- and 90-day survival), or long-term sur-
vival (6- and 12-month survival), and did not increase fa-
vorable neurological outcomes (14). Similarly, our rhythm-
based analysis did not demonstrate benefit of calcium ad-
ministration among OHCA patients, consistent with previous
evidence from both adult and pediatric populations (15, 16).
Importantly, these results should be interpreted with cau-
tion. Calcium administration is more likely in prolonged or
refractory resuscitation, where CPR duration is longer and
adjunctive drugs such as bicarbonate and amiodarone are of-
ten used. Thus, calcium may represent a marker of refractory
arrest rather than an isolated harmful exposure. Although
we adjusted for CPR duration and time to calcium adminis-
tration, residual time-dependent confounding cannot be ex-
cluded.

From a pathophysiologic perspective, patients with VF gen-
erally have higher survival probability than those with asys-

tole or PEA (17). The less favorable outcomes observed in the
VF subgroup of calcium-treated patients may reflect underly-
ing confounding rather than a direct causal effect. As calcium
plays an essential role in myocardial excitation-contraction
coupling through Ca? influx and sarcoplasmic reticulum re-
lease (18), excess administration without validated indica-
tion could theoretically disrupt this balance. However, this
study cannot determine harm versus confounding due to its
observational design and lack of electrolyte data. Therefore,
causal interpretations should be avoided.

In EMS systems without point-of-care devices for rapid elec-
trolyte testing, empiric calcium is often administered un-
der the assumption of conditions such as hyperkalemia or
hypocalcemia. Our findings, consistent with the 2020 AHA
Guidelines (19) and the 2021 European Resuscitation Coun-
cil (ERC) Guidelines (20), suggest that calcium should not be
used empirically in undifferentiated OHCA. Instead, its use
should be restricted to cases with a clear diagnosis of hyper-
kalemia, hypocalcemia, or other reversible causes of cardiac
arrest where calcium is specifically indicated.

Prehospital CG administration during CPR was one of the
treatment strategies used by EMS personnel; however, our
findings showed that it did not improve short-term out-
comes, including ROSC at the scene, survival to hospital ad-
mission, or survival to hospital discharge. These results are
consistent with previous studies conducted in limited EMS
settings and further confirm that empirical calcium use with-
out specific indications provides no clinical benefit. There-
fore, calcium administration should be reserved only for pa-
tients with clear indications according to standardized re-
suscitation guidelines, emphasizing the importance of high-
quality CPR and identification of reversible causes of car-
diac arrest. Finally, although our results add to the grow-
ing body of literature, the limitations of retrospective ob-
servational design remain. Future studies, ideally random-
ized controlled trials in EMS settings or advanced analytic
approaches such as marginal structural models, are needed
to more definitively assess the role of calcium in resuscita-
tion. In the meantime, emphasis should remain on deliver-
ing high-quality CPR and using calcium only when clinically
indicated.

5. Limitations

The current study has several limitations. First, this retro-
spective single-center cross-sectional study collected data
exclusively from the V-EMS, a medical operational unit pro-
viding care at the comprehensive life support level. There-
fore, its results may not be generalizable. Second, the sub-
group analysis stratified according to cardiac rhythm had
substantial limitations due to sample size. In particular, the
number of patients with pVT was not sufficient to perform
an analysis of ROSC at the scene. Further, survival to hos-
pital admission could not be assessed in patients with PEA
and pVT, and survival to hospital discharge could not be ex-
amined in patients with asystole, PEA, and pVT. Third, even
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though therapeutic research was imitated by performing a
propensity score analysis, the study design had multiple bi-
ases and confounders that could not clearly identify the rea-
sons for calcium use during CPR. Therefore, identifying the
reasons for calcium administration may help improve our
understanding of the impacts of CG on clinical outcomes.
Fourth, in this study, data on calcium administration dur-
ing CPR were not collected. Thus, the association between
CG administration and the outcomes of OHCA could not be
directly confirmed. Fifth, the study area did not have avail-
able devices for POC electrolyte and blood gas tests at the
scene for patients with cardiac arrest, which was different
from studies conducted in emergency departments that have
devices for the diagnosis of reversible causes of cardiac ar-
rest. Sixth, data on prehospital care at the scene from EMS
patient care reports and prehospital CPR records were used,
and outcomes, including survival to admission and survival
to hospital discharge, were examined. The time intervals
used to measure outcomes might have been influenced by
unmeasured confounding factors, such as differences in hos-
pital management or care provided in the emergency depart-
ment or intensive care unit. These factors should be con-
sidered when interpreting our data. Seventh, although we
adjusted for CPR duration and time to calcium administra-
tion, we did not perform a sensitivity analysis stratified by
CPR duration because the sample size was insufficient to
provide robust subgroup estimates. Therefore, residual time-
dependent confounding cannot be excluded. Finally, in the
assessment of survival to discharge, the neurological status
of patients with OHCA were not assessed because the data
from the EMS did not identify patient status after discharge.

6. Conclusions

This study demonstrated that prehospital CG administration
during CPR was not associated with improved outcomes in
adult patients with non-traumatic OHCA. The findings high-
light the need for selective use of calcium based on guideline-
recommended indications rather than empirical administra-
tion.
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eI Comparing the baseline characteristics of out of hospital cardiac arrest (OHCA) patients between cases with and without calcium

Characteristics Total (n=215) |Calcium gluconate use p-value Standardized differences
Age (years)

Mean + SD 65.30 £16.75 66.16 £+16.37 |64.44+17.15 |0.454 0.102 0.080
<60 68 (31.6) 29 (27.1) 39 (36.1) 0.156 0.195 0.022
=60 147 (68.4) 78 (72.9) 69 (63.9)

Gender

Male 138 (64.2) 71 (66.4) 67 (62.0) 0.509 0.090 0.023
Female 77 (35.8) 36 (33.6) 41 (38.0)

Underlying disease

Yes 164 (76.3) 84 (78.5) 80 (74.1) 0.445 0.104 0.091
Location type

Non-public 161 (74.9) 72 (67.3) 89 (82.4) 0.011 0.354 0.032
Public 54 (25.1) 35 (32.7) 19 (17.6)

Cause of cardiac arrest

Respiratory 122 (56.7) 52 (48.6) 70 (64.8) 0.034 0.334 0.040
Presumed cardiac etiology 90 (41.9) 53 (49.5) 37 (34.3)

Hypoglycemia 3(1.4) 2(1.9) 1(0.9)

Witnessed collapse

Yes 162 (75.3) 90 (84.1) 72 (66.7) 0.003 0.414 0.063
Performance of bystander CPR

Yes 113 (52.6) 54 (50.5) 59 (54.6) 0.541 0.083 0.126
Initial rhythm

Asystole 137 (63.7) 62 (57.9) 75 (69.4) 0.277 0.255 0.014
Ventricular fibrillation 47 (21.9) 26 (24.3) 21 (19.4)

Pulseless electrical activity 29 (13.5) 18 (16.8) 11 (10.2)

Pulseless ventricular tachycardia 2(0.9) 1(0.9) 1(0.9)

Need for defibrillation

Yes 73 (34) 42 (39.3) 31 (28.7) 0.102 0.224 0.113
Advanced airway management

Endotracheal tube 198 (92.1) 102 (95.3) 96 (88.9) 0.143 0.264 0.124
Laryngeal mask airway 11 (5.1) 4(3.7) 7 (6.5)

Bag valve mask 6 (2.8) 1(0.9) 5 (4.6)

Prehospital fluid access

NSS 211 (98.1) 106 (99.1) 105 (97.2) 0.621 0.137 0.045
RLS 4(1.9) 1(0.9) 3(2.8)

Total duration of CPR (min)

Mean + SD 34.53 +14.77 39.71+£14.89 |29.40+12.77 |<0.001 0.744 0.122
Type of medication used during CPR

Epinephrine 214 (99.5) 106 (99.1) 108 (100) 0.498 0.137 0.102
Bicarbonate 141 (65.6) 93 (86.9) 48 (44.4) <0.001 1.000 0.023
Amiodarone 28 (13.0) 19 (17.8) 9(8.3) 0.040 0.283 0.017
Glucose 17 (7.9) 10 (9.3) 7(6.5) 0.436 0.106 0.023
Atropine 8(3.7) 4(3.7) 4(3.7) 1.000 0.002 0.012

Data are presented as mean + standard deviation (SD) or frequency (%). CPR: cardiopulmonary resuscitation; NSS: Normal
Saline Solution; RLS: Ringer’s Lactate Solution.
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gEVEPH Effects of prehospital calcium gluconate administration during cardiopulmonary resuscitation based on initial rhythm (univariate

analysis)

Outcomes Calcium gluconate RD (95% CI) p-value |RR (95% CI) p-value
Yes (n=107) |No (n=108)

All rhythms (N = 215)
ROSC on the scene 28 (26.2) 40 (37.0) -9.99 (-18.82to-1.15) |0.027 0.72 (0.42-1.24) |(0.236
Survival to hospital admission 10 (9.4) 31 (28.7) -16.95 (-24.53 t0 -9.37) |<0.001 |0.41 (0.17-1.00) [0.050
Survival to hospital discharge 1(0.9) 6 (5.6) -3.32 (-6.30 to —0.33) 0.029 0.19 (0.02-1.63) {0.131
Asystole (n = 137)
ROSC on the scene 17 (27.4) 23 (30.7) -2.12 (-12.78 to 8.54) 0.697 0.92 (0.44-1.92) [0.833
Survival to hospital admission 7 (11.3) 15 (20.0) —4.53 (-13.45 to 4.39) 0.319 0.76 (0.25-2.30) (0.625
Survival to hospital discharge 0 (0.0) 4 (5.3) - IERME |- IERME
Ventricular fibrillation (n = 47)
ROSC on the scene 6 (23.1) 12 (57.1) —24.38 (—42.30 to —6.46) |0.008 0.46 (0.17-1.24) (0.125
Survival to hospital admission 3(11.5) 12 (57.1) —34.37 (-50.55t0-18.19) | <0.001 |0.24 (0.07-0.86) [0.028
Survival to hospital discharge 1(3.9) 2(9.5) -0.91 (-8.92 to 7.11) 0.825 0.81 (0.07-9.24) [0.864
Pulseless electrical activity (n = 29)
ROSC on the scene 5(27.8) 5 (45.5) —26.15 (-53.91to 1.61) | 0.065 0.56 (0.21-1.47) (0.237
Survival to hospital admission 0 (0.0) 4 (36.4) - IERME |- IERME
Survival to hospital discharge 0(0.0) 0(0.0) - IERME |- IERME
Pulseless ventricular tachycardia (n = 2)
ROSC on the scene 0(0.0) 0 (0.0) - IERME |- IERME
Survival to hospital admission 0 (0.0) 0 (0.0) - IERME |- IERME
Survival to hospital discharge 0 (0.0) 0 (0.0) - IERME |- IERME

Data are presented as mean + standard deviation or frequency (%). CI: confidence interval; RD: risk difference;
RR: risk ratio; ROSC: return of spontaneous circulation; IERME: insufficient events for reliable model estimation.

Risk differences (RDs) were estimated using generalized linear models with an identity link. Risk ratios (RRs) were estimated

using Poisson regression with robust variance. RRs were the primary estimates.

PEVWERA Multivariable analysis of the effects of prehospital calcium gluconate administration during cardiopulmonary resuscitation based on

initial rhythm

Outcomes Multivariate analysis
RD (95% CI) p-value RR (95% CI) p-value

All rhythms (N = 215)
ROSC on the scene -8.60 (-17.63 to 0.43) 0.062 0.75 (0.44-1.28) 0.285
Survival to hospital admission -16.48 (-24.64 to -8.33) | <0.001 0.42 (0.18-1.03) 0.058
Survival to hospital discharge —-7.37 (-16.48 to 1.74) 0.113 0.21 (0.02-1.92) 0.167
Asystole (n = 137)
ROSC on the scene —0.67 (-11.85 to 10.5) 0.906 0.99 (0.49-2.02) 0.979
Survival to hospital admission -3.96 (-14.17 to 6.26) 0.448 0.77 (0.26-2.30) 0.639
Survival to hospital discharge - IERME - IERME
Ventricular fibrillation (n = 47)
ROSC on the scene —27.91 (-47.18t0 -8.65) | 0.005 0.47 (0.18-1.23) 0.122
Survival to hospital admission —45.10 (-66.8 to —23.40) <0.001 0.24 (0.07-0.78) 0.018
Survival to hospital discharge -10.36 (-33.79 to 13.06) 0.386 0.70 (0.06-8.13) 0.775
Pulseless electrical activity (n = 29)
ROSC on the scene -18.39 (-51.54 to 14.77) 0.277 0.67 (0.31-1.45) 0.309
Survival to hospital admission - IERME - IERME
Survival to hospital discharge - IERME - IERME
Pulseless ventricular tachycardia (n = 2)
ROSC on the scene - IERME - IERME
Survival to hospital admission - IERME - IERME
Survival to hospital discharge - IERME - IERME

CI: confidence interval; RD: risk difference; RR: risk ratio; ROSC: return of spontaneous circulation; IERME, insufficient

events for reliable model estimation. Risk differences (RDs) estimated using generalized linear models with an identity link.

Risk ratios (RRs) estimated using Poisson regression with robust variance. RRs were the primary estimates.
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Adult non-traumatic OHCA patients aged over 18
years, assisted by Vajira Emergency Medical Service
from January 2018 - October 2023 (n= 1,295)

Excluded (n= 1,080)

# Incomplete data (n=323)

¢ Death at scene (n=25T)

+ DNAR order (n=22T)

+ Metastatic malignancy (n= 169)
# CPR during transfer (n=104)

Eligible Patients (n=215)

I

Calcium gluconate Non-calcium gluconate

(n=107) (n=108)

Flow diagram of the study. OHCA: out-of-hospital cardiac arrest; DNAR: do not attempt to resuscitate; CPR: cardiopulmonary resus-
citation.
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Distribution of propensity scores between the unweighted and weighted samples (a) and balance of prognostic factors at baseline

based on standardized differences in the unweighted and weighted samples (b). CPR: cardiopulmonary resuscitation; IPTW: inverse probability
of treatment weights.
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Comparison of outcomes between the calcium gluconate and non-calcium gluconate groups based on initial CPR rhythm of pa-
tients with out of hospital cardiac arrest (OHCA): return of spontaneous circulation on the scene(a), survival to hospital admission (b) and
survival to hospital discharge (c). VF: Ventricular fibrillation; PEA: Pulseless electrical activity; pVT: Pulseless ventricular tachycardia; CPR: car-
diopulmonary resuscitation.
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