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Objective This study aimed to evaluate the association between the number and level of emer-
gency medical technicians (EMTs) in the first-contact emergency medical services (EMS) unit
and the clinical outcomes of out-of-hospital cardiac arrest (OHCA) with a dual dispatch re-
sponse.

Methods Adult nontraumatic EMS-treated OHCAs between 2015 and 2018 in a nationwide da-
tabase, were enrolled. The main exposure was the number and certification level of first-contact
EMS crew: three versus two members, proportion of EMT intermediate level (EMT-I) over 50%
versus under or equal to 50%. Good neurologic recovery was selected as the primary outcome.
Multilevel multivariable logistic regression analysis was conducted to calculate adjusted odds
ratios and confidence intervals.

Results A total of 26,867 patients were enrolled and analyzed. Good neurologic recovery was
different across the study groups: 5.4% in the two-member crews, 7.2% in the three-member
crews, 5.9% in the low EMT-I proportion crews, and 6.8% in the high EMT-I proportion crews. In
the main analysis, statistically significant differences for favorable outcomes were found be-
tween the three-member and two-member crews, and the high EMT-I proportion and low EMT-
| proportion crews; for good neurologic recovery, adjusted odds ratios (95% confidence interval)
were 1.23 (1.06-1.43) for three-member crews, and 1.28 (1.17-1.40) for a high EMT-I propor-
tion.

Conclusion The higher number and level of first-contact EMS crew was associated with better
neurologic recovery in adult nontraumatic OHCA with a dual-dispatched EMS response.

Keywords Out-of-hospital cardiac arrest; Emergency medical services; Cardiopulmonary resusci-
tation
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What is already known

Capsule
Summary

What is new in the current study

cal outcomes.

The number of emergency medical services (EMS) providers and proportion of high-level EMS providers at the scene is
associated with clinical outcomes in out-of-hospital cardiac arrest (OHCA).

In dual dispatch response-treated OHCA, number and level of EMS providers in the first-contact EMS unit affects clini-

INTRODUCTION

Out-of-hospital cardiac arrest (OHCA) is a major public health
concern.'” OHCA incidence increases every year, and the world-
wide survival rate remains at approximately 10%.*° Many studies
have been conducted to improve OHCA outcomes, and rapid de-
fibrillation, a short ambulance response time, and high-quality
cardiopulmonary resuscitation (CPR) have been found to be core
elements in prehospital resuscitation.®®

A dual dispatch response (DDR) system of emergency medical
services (EMS), which dispatches multiple vehicles to the scene,
has been applied in many countries to improve outcomes.""" Dis-
patching multiple vehicles to a scene is associated with shorter
EMS response time, which is the elapsed time interval between
EMS activation and ambulance scene arrival, and a better prog-
nosis.""* Additionally, early defibrillation and a higher defibrilla-
tion rate are the other positive effects of multiple vehicle dispatch
on clinical outcomes."*'® DDR has been shown to increase the
number of on-scene EMS personnel, leading to better quality CPR
and application of advanced procedures that improve survival out-
comes.'”'®

The number and certification level of on-scene emergency med-
ical technicians (EMTs) have been evaluated for their impact on
OHCA outcomes. Higher number of EMTs and a higher ratio of
high-level EMTs at the scene have been associated with better
survival outcomes.'®?° Tsai et al.”' reported that a larger number
of EMTs is needed to provide optimal teamwork performance and
advanced procedures. However, other studies found no significant
association between the number of EMS crew members and clin-
ical outcomes,*® thus, this effect remains controversial.

In a DDR setting, EMS units are divided into first-contact and
second-contact teams according to arrival time. A short response
time and earlier advanced life support by the second EMS unit
have been found to be associated with better outcomes.”®* How-
ever, the effect of the number and certification level of EMTs in
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the first-contact EMS unit have not been well evaluated. The pur-
pose of this study was to evaluate the association between the
number and level of EMTs in first-contact EMS units and the clini-
cal outcomes of DDR-activated OHCA. We hypothesized that a
higher number of EMS personnel and higher certification level
proportion are associated with favorable outcomes.

METHODS

Ethical statements

This study complied with the Declaration of Helsinki, and its pro-
tocol was approved by the Institutional Review Board of Seoul Na-
tional University Hospital with a waiver of informed consent (No.
1103-153-357).

Study design and data sources

This study is a retrospective observational cohort study based on
a nationwide, prospective OHCA database in Korea from January
2015 to December 2018. This database system was developed in
2006 with the cooperation of the National Fire Agency and the
Korea Centers for Disease Control and Prevention. In the data-
base, EMS run-sheets and cardiac arrest registries that were re-
corded by the EMS crew immediately after OHCA transport and
hospital record reviews collected by trained medical record re-
viewers were integrated. For DDR-activated cases, an additional
multitier activation registry was filled out by the EMS crew or
firefighters who did not transport victims.

Study setting

Korea, which has approximately 50 million residents within a land
area of 100,210 km?, has a government-operated EMS system.
Under the National Fire Agency, a total of 17 provincial fire head-
quarters administer approximately 200 fire stations and 8,400 EMS
personnel. For emergency calls, ambulances that are assigned to
the EMS agencies belonging to the fire stations are dispatched
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from the headquarters' dispatch centers.?® The primary call dis-
patcher asks questions about altered mental status and abnormal
breathing to identify cardiac arrest. For suspected OHCA, the call
is passed to a medical call dispatcher to give CPR instructions.®
The EMS CPR protocol at the scene and in the ambulance follows
the American Heart Association guidelines.*® Korean EMS workers
provide basic-to-intermediate levels of intervention, including in-
travenous fluid administration and advanced airway management
under physician-direct medical oversight. Because EMS crew mem-
bers cannot pronounce a declaration of death, all EMS-treated
OHCAs must be transported to the nearest emergency department
(ED). EDs are designated as levels 1, 2, and 3 by the Ministry of
Health and Welfare based on the case volume and quality of re-
sources. Level 1 and 2 EDs must be staffed by emergency physi-
cians 24/7 and have more resources.

DDR system

Since 2015, a DDR system has been implemented nationwide for
suspected OHCA cases in Korea. The dispatcher asks two key ques-
tions for identification, consciousness, and respiration, and con-
siders OHCA if both responses are abnormal. When the dispatcher
suspects OHCA and activates DDR, a nearby ambulance and an
additional available ambulance or fire engine could be dispatched.
Ambulance selection is based on distance proximity only for both
first-contact and second-contact EMS units, regardless of the num-
ber of EMS crews or certification level available. Each fire engine
has two first responders, equivalent to emergency medical re-
sponder in United States, and provides a basic life support level of
resuscitation with automated external defibrillators only. There
are two certification levels of EMTs in the ambulance: EMT basic
level (EMT-B) and EMT intermediate level (EMT-I). EMT-I can per-
form advanced airway and intravenous management under direct
medical oversight. EMS providers with a nurse's license perform
the same scope of work as EMT-I. The first arriving EMS crew starts
chest compressions immediately and provides defibrillation when
necessary. Advanced cardiovascular life support (ACLS) is provided
when resources are sufficient because there is no definite proto-
col for ACLS timing. The first-contact EMS crew decides whether
to activate DDR in cases where the victim's OHCA status was not
recognized by the dispatcher.

Study population

EMS-treated adult OHCA cases from January 2015 to December
2018 were enrolled. We excluded cases where the cardiac arrest
was witnessed in the ambulance, without EMS time information,
where only fire engines or a single ambulance was dispatched, and
where two ambulances arrived simultaneously.
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Outcome measures

The primary outcome was good neurologic recovery, defined as
cerebral performance category score 1 (no neurologic disability)
or 2 (moderate disability, able to perform daily activities indepen-
dently). Medical record reviewers determined patient scores based
on discharge summary abstracts or physicians' medical record notes.
Survival to discharge and prehospital return of spontaneous cir-
culation were used as the secondary outcomes, respectively.

Variables and measurements

The main exposure of this study was the number and level of first-
contact EMS crew. The first-contact EMS team was identified based
on scene arrival time variables in the OHCA database. There were
two or three members in each ambulance, including the driver
participating in resuscitation at the scene, and the EMS crew mem-
bers were either EMT-B or EMT-I (Fig. 1).

Demographic findings and clinical information were collected
and categorized: age (=65 years), sex, residential area (metro-
politan area), location of cardiac arrest (public or private proper-
ty), witnessed by bystander, bystander CPR, initial electrocardio-
gram rhythm (shockable), prehospital defibrillation, scene EMS
management (advanced airway, intravenous access, and medica-
tion), EMS time interval (response time, scene time, and transport
time), time interval between EMS unit arrivals (first-contact EMS
unit and second-contact EMS unit), and level of ED (level 1, 2, or
other).

Statistical analyses

Descriptive analysis was conducted to compare the distribution
of demographic findings and clinical information according to
the number and level of first-contact EMS crew. The level of first-

| Level of EMS personnel |
~ ~ Dual dispatch
C / response
EMT-B EMT-T Tt ﬁ
I Number of EMS crew B %
T

First contact Transport
‘ ‘ 5 >
Response
FE FRER O
_.

Wa— B

2 Members 3 Members == OHCA Scene (resuscitation) time

Fig. 1. Categorization of study groups according to the number and cer-
tification level of emergency medical services (EMS) crews in each am-
bulance in a dual dispatch. EMT-B, emergency medical technician basic
level; EMT-I, emergency medical technician intermediate level; OHCA,
out-of-hospital cardiac arrest.
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contact EMS crew were categorized according to whether the
EMT-I ratio within the ambulance was greater than 50%. The
Wilcoxon rank-sum test was used to compare continuous vari-
ables, and the chi-squared test was used for the categorical vari-
ables. Univariable and multivariable logistic regression analyses
by number and level of first-contact EMS crew were conducted
to calculate adjusted odds ratios (AORs) and confidence intervals
(Cls). Considering the nested nature of EMS operations according
to districts, a multilevel analysis with a series of random-inter-
cept models by 17 provincial headquarters was applied. Potential
confounders, including age group, sex, residential area, location
of cardiac arrest, witness status, bystander CPR, initial electrocar-
diogram rhythm, prehospital defibrillation, response time interval,
time interval between EMS unit arrivals, transport time interval,
number and level of second-contact EMS crew, and level of ED
were adjusted for in the model.

We assumed the effect of the number of first-contact EMS
crews can differ depending on the level of EMS providers in the
unit. Interaction analysis by EMT-I proportion across the number
of first-contact EMS crews was performed. A P-value <0.05 was
considered significant for all analyses. All statistical analyses were
performed using SAS ver. 9.4 (SAS Institute Inc., Cary, NC, USA)
and R ver. 3.5 (The R Foundation for Statistical Computing, Vien-
na, Austria).

RESULTS

Demographic findings

Among 112,999 EMS-treated OHCAs from 2015 to 2018, 26,867
victims were included in the final analyses. We excluded pediatric
patients (n=2,391), traumatic OHCA (n=29,080), cardiac arrest
witnessed in the ambulance (n=5,696), missing time variables
(n=1606), single dispatch response (n=36,614), fire engine dispat-

112,999 EMS-treated OHCA (2015-2018)
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ched (n=4,143), and no time difference between vehicles (n=7,602)
(Fig. 2).

Table 1 describes the demographic findings and clinical infor-
mation according to the number and level of first-contact EMS
crew members. In DDR cases, patients treated by a lower number
of EMS personnel or low EMT-I proportion crew in the first-con-
tact EMS unit were more likely to live in nonmetropolitan areas,
undergo bystander CPR, and were less likely to receive an advanced
procedure by EMS providers. Good neurologic recovery showed
significant differences according to the number and level of first-
contact EMS crew: 5.4% in the two-member EMS crews, 7.2% in
the three-member EMS providers, 5.9% in the proportion of EMT-
| under or equal to 50%, and 6.8% in the proportion of EMT-I
over 50% (Table 1).

Main analyses

In the multivariable logistic regression model, statistically signifi-
cant differences for the following favorable outcomes were found
between three-member and two-member first-contact EMS units:
AORs (95% confidence interval [Cl]), 1.23 (1.06-1.43) for good
neurologic recovery; 1.18 (1.07-1.31) for survival to discharge;
and 1.29 (1.21-1.39) for prehospital return of spontaneous circu-
lation (ROSC). EMT-I proportion over 50% showed a higher prob-
ability of favorable prognosis: AORs (95% Cl), 1.28 (1.17-1.40)
for good neurologic recovery; 1.16 (1.08-1.25) for survival to dis-
charge; and 1.28 (1.17-1.40) for prehospital ROSC (Table 2).

In the interaction analysis, EMT-I proportion equal or under
500 showed a positive interaction effect with three EMS provid-
ers for good neurologic recovery compared with two EMS provid-
ers in the first-contact EMS units: AORs (95% Cl), 1.26 (1.02-1.54)
for good neurologic recovery in EMT-I equal or under 50%, and
1.07 (0.97-1.18) in EMT-I over 50% (Table 3 and Fig. 3).

2,391 Pediatrics
29,080 Noncardiac etiology cardiac arrest
5,696 Cardiac arrest witnessed in ambulance

606 Unknown EMS response/scene/time information

36,614 Dual dispatch response not activated
4,143 Fire engine dispatched
7,602 No first contact EMS unit due to simultaneously vehicles arrival

26,867 Final enroliment

Fig. 2. Patient flow. EMS, emergency medical services; OHCA, out-of-hospital cardiac arrest.
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Table 1. Study population demographics according to number and level of first-contact EMS unit

No. of first-contact EMS crews

Proportion of EMT-I in first-contact EMS unit

Characteristic Total
Two EMS providers  Three EMS providers  P-value <50% > 500 P-value

Total 26,867 (100) 12,839 (47.8) 14,028 (52.2) - 13,541 (50.4) 13,326 (49.6) -
Age (yr) 59 (72-81) 59 (73-81) 58 (72-81) 0.087 58 (72-81) 59 (72-81) 0328

265 16,905 (62.9) 8,115 (63.2) 8,790 (62.7) 0.355 8,544 (63.1) 8,361 (62.7) 0.547
Male sex 17,239 (64.2) 8,178 (63.7) 9,061 (64.6) 0.126 8,704 (64.3) 8,535 (64.0) 0.693
Residential area (metropolitan) 14,621 (54.4) 4,168 (32.5) 10,453 (74.5) <0.001 6,778 (50.1) 7,843 (58.9) <0.001
Location of arrest (public place) 4,928 (18.3) 2,333(18.2) 2,595 (18.5) 0.488 2,488 (18.4) 2,440 (18.3) 0.893
Witnessed arrest 13,689 (51.0) 6,547 (51.0) 7,142 (50.9) 0.895 6,863 (50.7) 6,826 (51.2) 0.376
Prehospital shockable ECG 4,848 (18.0) 2,213 (17.2) 2,635 (18.8) <0.001 2,416 (17.8) 2,432 (18.3) 0.385
Dispatcher recognition 19,450 (72.4) 9,236 (71.9) 10,214 (72.8) 0.109 9,868 (72.9) 9,582 (71.9) 0.075
Bystander CPR 17,041 (63.4) 8,364 (65.1) 8,677 (61.9) <0.001 8,790 (64.9) 8,251 (61.9) <0.001
Prehospital defibrillation 6,577 (24.5) 3,049 (23.7) 3,528 (25.1) 0.008 3,311 (24.5) 3,266 (24.5) 0914
EMS RTI (min) 6(5-8) 7 (5-9) 6 (5-8) <0.001 6(5-8) 6(5-8) <0.001
Time interval between EMS units (min) 4 (2-8) 5(2-8) 4(2-7) <0.001 4 (2-8) 4(2-7) <0.001
EMS STI (min) 15 (12-21) 16 (12-22) 15(12-19) <0.001 15 (11-20) 16 (12-21) <0.001
EMS TTI (min) 6 (4-9) 6 (4-9) 6 (4-8) <0.001 6 (4-9) 6 (4-8) <0.001
EMS resuscitation <0.001 <0.001

Advanced airway management 22,310 (83.0) 10,215 (79.6) 12,095 (86.2) 10,625 (78.5) 11,685 (87.7)

Intravenous route access 16,082 (59.9) 6,793 (52.9) 9,289 (66.2) 7,014 (51.8) 9,068 (68.0)

Intravenous medication administration 6,001 (22.3) 2,984 (23.2) 3,017 (21.5) 2,550 (18.8) 3,451 (25.9)
ED level 1 or 2 19,823 (73.8) 9,170 (71.4) 10,653 (75.9) <0.001 10,051 (74.2) 9,772 (73.3) 0.095
Outcomes

ROSC upon arrival at the ED 3,679 (13.7) 1,589 (12.4) 2,090 (14.9) <0.001 1,634 (12.1) 2,045 (15.3) <0.001

Survival to discharge 2,602 (9.7) 1,094 (8.5) 1,508 (10.7) <0.001 1,222 (9.0) 1,380 (10.4) <0.001

Good neurologic recovery 1,706 (6.3) 698 (5.4) 1,008 (7.2) <0.001 804 (5.9) 902 (6.8) 0.005

Values are presented as number (%) or median (interquartile range).

EMS, emergency medical services; EMT-I, emergency medical technician intermediate level; ECG, electrocardiogram; CPR, cardiopulmonary resuscitation; RTI, response time
interval; STI, scene time interval; TTI, transport time interval; ED, emergency department; ROSC, return of spontaneous circulation.

Table 2. Multivariable logistic regression analysis by number or EMT-I proportion of first-contact EMS crews on clinical outcomes

Good neurologic recovery

Survival to discharge Prehospital ROSC

Clinical outcome Crude OR Adjust OR

(95% ClI) (95% ClI)

Crude OR Adjust OR
(95% ClI) (95% ClI)

Crude OR Adjust OR
(95% ClI) (95% ClI)

1.34 (1.20-1.50)
1.18 (1.02-1.37)

Three EMS providers (vs. two EMS providers)
EMT-I > 50% (vs. EMT-I < 50%)

1.23 (1.06-1.43)
1.28 (1.17-1.40)

1.28 (1.18-1.40)  1.18 (1.07-1.31)
1.17 (1.05-1.31)  1.16(1.08-1.25)

1.34(1.26-1.42)  1.29(1.21-1.39)
1.26 (1.12-1.42)  1.28 (1.17-1.40)

ORs were calculated after adjusting for age group, sex, public versus private location, metropolitan area, witness status, dispatcher recognition, bystander cardiopulmonary
resuscitation, initial electrocardiogram rhythm, response time interval, time interval between EMS unit arrival, transport time interval, number and level of second-contact

EMS crew, and level of emergency department.

EMT-I, emergency medical technician intermediate level; EMS, emergency medical services; ROSC, return of spontaneous circulation; OR, odds ratio; Cl, confidence interval.

DISCUSSION

In this study, we analyzed the association between the number
and level of first-contact EMS crews and survival outcomes in DDR-
activated OHCA. Statistically significant differences were found
for good neurologic recovery, survival to discharge, and prehospi-
tal ROSC among the high number of EMS providers and high EMT-I
proportion crews for first-contact EMS units. In the interaction anal-
ysis, the effect of a high number of EMS providers was strength-
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ened by a low EMT-I proportion.

These results can be explained by the influence of a single EMS
team resuscitation during the entire DDR phase. Even if an emer-
gency call is suspected to be an OHCA by the dispatcher and DDR
is activated, practical resuscitation provided before the second-
contact EMS crew arrives will be less effective than team-based
resuscitation. The difference in CPR quality during that period
would be strongly dependent on the number and level of EMS
personnel, as found by Sun et al.” in a Taipei study. Although the

www.ceemjournal.org
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Table 3. Interaction analysis by EMT-I proportion across number of first-contact EMS crews and clinical outcomes

Clinical outcome

Adjusted odds ratio (95% confidence interval)

Good neurologic recovery

Survival to discharge Prehospital ROSC

Three EMS providers (vs. two EMS providers)
EMT-I >50% (vs. EMT-I < 5009%)
No. of EMS providers x EMT-I < 50%

1.16 (1.00-1.35)
1.10 (1.09-1.11)
1.26 (1.02-1.54)

1.11 (1.04-1.18)
1.13 (1.09-1.18)
1.14 (1.00-1.29)

1.09 (1.09-1.10)
1.35 (1.30-1.41)
1.06 (0.98-1.13)

Odd ratios were calculated after adjusting for age group, sex, public versus private location, metropolitan area, witness status, dispatcher recognition, bystander cardiopul-
monary resuscitation, initial electrocardiogram rhythm, response time interval, time interval between EMS unit arrival, transport time interval, number and level of second-

contact EMS crew, and level of emergency department.

EMT-I, emergency medical technician intermediate level; EMS, emergency medical services; ROSC, return of spontaneous circulation.

2P-value for interaction effect <0.05.
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Fig. 3. Interaction plot by emergency medical technician intermediate level (EMT-I) proportion across number of first-contact emergency medical ser-
vices (EMS) crews and clinical outcomes. (A) Good neurologic recovery, (B) survival to discharge, and (C) prehospital return of spontaneous circulation.

total number of EMTs is thought to be sufficient in a DDR setting,
during the early phase of field resuscitation prior to arrival of the
second crew, the number of EMTs and their level of training may
be critical.

Significant probabilities for favorable clinical outcomes have
been found among crews with higher proportions of higher level
EMTs (EMT-I). ACLS procedures, such as advanced airway man-
agement or epinephrine delivery, had potential associations with
OHCA outcomes, especially short-term survival and prehospital
ROSC.*'#2 In Korea, EMT-I can perform ACLS procedures at the
scene, and high EMT-I proportion crews could deliver higher pro-
vision rates (Table 1).

We assumed that the magnitude of the effect of the number
of first-contact EMS crew members would be strengthened by a
higher proportion of EMT-I crew members. However, the magni-
tude of the difference between two and three EMS personnel in
first-contact EMS unit increased according to a lower proportion
of EMT-I, which suggests that the lower the level of the individu-

Clin Exp Emerg Med 2022,9(4):314-322

als in the team, the more effective the additional personnel are
for prehospital resuscitation. Thus, it may be beneficial to increase
EMS personnel, especially in regions with few high-level EMTs.

Based on our results, policy makers should consider allocating
more human resources, including number and level of EMS pro-
viders, to regions where second-contact EMS units cannot arrive
to the scene fast enough. Our findings indicate that the first-con-
tact EMS unit responding to an OHCA should add additional crew
as the first priority in conditions where there are only two EMT-
Bs allocated. Similarly, a further interaction analysis by number of
second-contact EMS crews showed that the effect of three mem-
bers in first-contact EMS crew was strengthened when there were
fewer EMS personnel in the second-contact ambulance (Supple-
mentary Table 1).

Reducing the response time of a relatively higher grade of EMS
units would be important. Because it is mostly impossible to allo-
cate the entire EMS unit to a maximum number and level, a dis-
patch protocol assigning suspected OHCA cases to a specific EMS
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unit can be considered. Currently, the Korean EMS system is op-
erated in a nationwide universal dispatch protocol with DDR ac-
tivation for suspected OHCA, in which the nearest EMS unit is
sent as quickly as possible without consideration of the team char-
acteristics. Table 1 showed that there is no significant difference
in proportion of dispatcher recognition between the team char-
acteristics.

The Korean government has been working to cultivate EMS
staffing for many years, and the proportion of EMT-I and number
of three-member EMS crews among first-contact EMS units is
constantly increasing (Supplementary Fig. 1). It may be appropri-
ate to consider categorizing EMS units according to their CPR per-
formance and give priority to suspected OHCA cases. EMS units
with more EMS providers and higher proportions of EMT-I should
be on standby, and the other EMS units should have priority over
dispatch to clear non-OHCA cases or as second-contact EMS crews
in DDRs. The accuracy of dispatcher recognition of OHCA would
also be important to evaluate.

This study has several limitations. First, main exposure was de-
fined according to the number and certification level of the EMS
crew, not by individual performance. To measure each crew's de-
tailed resuscitative procedures, feedback devices and video re-
cords are needed, which were limited in our data sources. Simi-
larly, quality of CPR and early defibrillation cannot be measured.
Second, the number of crews in an EMS unit and the types of
certification levels varies according to country, which limits the
generalizability of the study. Third, the Korean EMS system ad-
opted the “scoop and run" model, in which the scene resuscita-
tion time is usually short, which affects the results. Findings are
likely different for other countries that allow resuscitation termi-
nation at the scene. For generalizability, further investigation across
various environments is needed. Last, this study is a retrospective
observational cohort study from which causality cannot be deter-
mined, and the data may contain significant potential uncontrolled
biases. Additionally, unmeasured confounders could not be col-
lected, such as team dynamics among EMS personnel.

For adult medical OHCA treated by a dual dispatch EMS re-
sponse system, the number and level of first-contact EMS crew is
associated with neurologic recovery and survival outcomes. These
study findings may serve as a basis of policy development for EMS
dispatch protocols and allocation of emergency resources.

SUPPLEMENTARY MATERIAL

Supplementary Table 1. Interaction analysis by proportion of num-
ber of second-contact EMS crews across number of first-contact
EMS crews and clinical outcomes
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Supplementary Fig. 1. Yearly trend in first-contact emergency
medical services (EMS) crew according to the study group.
Supplementary materials are available at https://doi.org/10.15441/
ceem.22.205.
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Supplementary Table1. Interaction analysis by proportion of number of second-contact EMS crews across number of first-contact EMS crews and clini-

cal outcomes

Adjusted odds ratio (95% confidence interval)

Variable
Good neurologic recovery Survival to discharge Prehospital ROSC
Three EMS providers in second-contact EMS
Three EMS providers in first-contact EMS 1.07 (1.00-1.15) 1.12 (1.05-1.20) 1.18 (1.12-1.26)
Two EMS providers in first-contact EMS 1.00 1.00 1.00
Two EMS providers in second-contact EMS
Three EMS providers in first-contact EMS 1.36 (1.19-1.54)" 1.22 (1.13-1.31) 1.35(1.26-1.46)"
Two EMS providers in first-contact EMS 1.00 1.00 1.00

Odd ratios were calculated adjusting for age group, gender, public place, metropolitan area, witness status, dispatcher recognition, bystander cardiopulmonary resuscita-
tion, initial electrocardiogram rhythm, response time interval, time interval between EMS units arrival, transport time interval, number and level of second contact EMS

crew, and level of emergency department.

EMS, emergency medical services; ROSC, return of spontaneous circulation.

?P-value for interaction effect below 0.05.
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Supplementary Fig. 1. Yearly trend in first contact emergency medical services (EMS) crew according to the study group. Values on the bar are present-
ed as number (%). OHCA, out-of-hospital cardiac arrest; EMT-I, emergency medical technician intermediate level.
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