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Impact of intravenous accessibility i

and prehospital epinephrine use on survival
outcomes of adult nontraumatic out-of-hospital
cardiac arrest patients
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Abstract

Background This study compared out-of-hospital cardiac arrest (OHCA) patient outcomes based on intravenous (IV)
access and prehospital epinephrine use.

Methods A retrospective study in Ulsan, South Korea, from January 2017 to December 2022, analyzed adult nontrau-
matic OHCA cases. Patients were grouped: Group 1 (no IV attempts), Group 2 (failed IV access), Group 3 (successful IV
access without epinephrine), and Group 4 (successful IV access with epinephrine), with comparisons using logistic
regression analysis.

Results Among 2,656 patients, Group 4 had significantly lower survival to hospital discharge (adjusted OR 0.520, 95%
C10.346-0.782, p=0.002) and favorable neurological outcomes (adjusted OR 0.292, 95% Cl 0.140-0.611, p=0.001)
than Group 1. Groups 2 and 3 showed insignificant survival to hospital discharge (adjusted OR 0.814, 95% Cl 0.566—
1.171, p=0.268) and (adjusted OR 1.069, 95% CI 0.810-1.412, p=0.636) and favorable neurological outcomes (adjusted
OR 0.585,95% Cl 0.299-1.144, p=0.117) and (adjusted OR 1.075, 95% Cl 0.689-1.677, p=0.751). In the shockable
rhythm group, Group 3 had better survival to hospital discharge (adjusted OR 1.700, 95% ClI 1.044-2.770, p=0.033).

Conclusions Successful IV access with epinephrine showed worse outcomes in both rhythm groups than no IV
attempts. Outcomes for failed IV and successful IV access without epinephrine were inconclusive. Importantly, suc-
cessful IV access without epinephrine showed favorable survival to hospital discharge in the shockable rhythm group,
warranting further research into IV access for fluid resuscitation in shockable rhythm OHCA patients.

Keywords Out-of-hospital cardiac arrest, Intravenous, Epinephrine, Cardiopulmonary resuscitation, Drug
administration

Background
Out-of-hospital cardiac arrest (OHCA) presents a life-
threatening emergency, necessitating immediate and
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The concept of the chain of survival includes crucial
steps in the management of OHCA patients, as well as
early access, early cardiopulmonary resuscitation (CPR),
early defibrillation, and early advanced life support [4].
Among these steps, the prehospital administration of
epinephrine is an early advanced life support interven-
tion step performed by Emergency medical services
(EMS) personnel. It is recommended for both shock-
able rhythms resistant to defibrillation and nonshock-
able rhythms [5-7], with support from numerous studies
[8-10]. However, the inconsistency in determining the
optimal timing for epinephrine administration within
the resuscitation algorithm raises concerns, particularly
regarding its potential impact on the time required to
establish intravenous (IV) access [11].

The IV route assumes a critical role in swiftly and
directly delivering epinephrine into the systemic circu-
lation. Consequently, existing resuscitation guidelines
advocate for attempting IV access as the initial step,
considering the intraosseous (IO) route only if IV access
proves unsuccessful or impractical, especially in adults
with OHCA [6]. Nonetheless, securing IV access during
resuscitation poses challenges, and the accessibility of the
IV route may significantly influence the timely admin-
istration of epinephrine. Previous studies have demon-
strated the association between the time of epinephrine
administration and patient survival outcomes in OHCA
(12, 13].

It is important to differentiate the survival outcomes
between patient groups where EMS personnel were una-
ble to administer epinephrine due to IV access failure
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and those where they chose not to use it. The former is
typically examined within an intention-to-treat popula-
tion. However, in certain instances, both categories of
patients are lumped together as “non-epinephrine users.”
Determining the appropriateness of combining these
groups in an observational study is pivotal. Understand-
ing the interplay between IV accessibility and epineph-
rine administration is crucial for evaluating the impact
of prehospital epinephrine use on real-world emergency
medical care decisions. Unfortunately, only a limited
number of studies have delved into how IV accessibility
influences prehospital epinephrine use and the survival
outcomes of the IV-failed population of OHCA patients.
Consequently, this study aimed to compare survival out-
comes among adult nontraumatic OHCA patients, with
a specific focus on IV accessibility and prehospital epi-
nephrine use.

Methods

Study design

This retrospective observational study included all adult
nontraumatic OHCA patients attended to by EMS per-
sonnel in Ulsan, South Korea, from January 1, 2017,
through December 31, 2022. The study aimed to evaluate
and compare the survival outcomes of 4 distinct patient
groups, classified based on intravenous IV accessibil-
ity and prehospital epinephrine utilization (Fig. 1). This
study complied with the Declaration of Helsinki, and the
protocol was approved by the Institutional Review Board
of UUH with a waiver of informed consent (IRB No.
UUH-IRB-2023-06-016).

(N = 280,483)

Total EMS calls from 2017 to 2022

I

EMS-assessed OHCA

Fig. 1 Study Population Selection and Exclusion Process. EMS, emergency medical service; OHCA, out-of-hospital cardiac arrest; DNR,

do-not-resuscitate
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Group 1: No IV attempts

EMS personnel did not attempt to establish IV
access.
Group 2: Failed IV access
EMS personnel tried but could not establish IV
access, so epinephrine was not administered.
Group 3: Successful IV access without epinephrine
EMS personnel established IV access but chose
not to administer epinephrine.
Group 4: Successful IV access with epinephrine
EMS personnel successfully established IV access
and administered epinephrine.

Study setting

This study was conducted in Ulsan, a highly industrial-
ized city on South Korea’s east coast, covering an area of
1,057.136 km? with a population of over 1.1 million peo-
ple. Ulsan’s EMS system aligns with the National EMS
systems of South Korea, offering basic to intermediate-
level emergency medical technician (EMT) services.
These services encompass basic life support, advanced
airway management, IV establishment, and fluid/drug
administration. Ulsan had 30 fire stations, 32 main public
ambulances with, alongside a central dispatch center in
2022 [14].

The EMS resuscitation protocol in Ulsan involves mul-
tiple dispatches, initiating on-site CPR, transporting
patients to emergency departments (EDs), and maintain-
ing continuous CPR within the ambulance. EMS per-
sonnel are mandated to sustain CPR until the return of
spontaneous circulation (ROSC), the presence of death
signs, or the implementation of a do-not-resuscitate
(DNR) order. Declaration of death falls under the pur-
view of hospital ED physicians. Ambulances with phy-
sician staff are not available, and advanced procedures,
such as airway management, IV access, fluid and/or
drug administration, and decisions regarding resuscita-
tion withhold/withdrawal are directly overseen by medi-
cal directors, mainly emergency physicians [15]. EMS
teams are typically comprised of 3 personnel (occasion-
ally 2 personnel), with at least one EMT. They predomi-
nantly hold certifications as registered nurses or level 1
or 2 EMTs equivalent to EMT basic and intermediate
levels in the United States (US). The standard protocol
for OHCA cases involves dispatching multiple ambu-
lances to ensure that at least 2 ambulances reach the
scene, thus involving a minimum of 4—5 EMS personnel
in resuscitation efforts. Their roles include coordination,
airway management, defibrillation with chest compres-
sion, and IV access with drug administration. According
to the resuscitation protocol, EMS personnel rotate every
2 min in cases of manual chest compression. Mechanical
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compression device usage varies by situation. In instances
requiring elevator use or transfer via stairs in buildings
without elevators, the EMS team immediately applies
mechanical compression devices on-site. IV line access
and drug administration are usually handled by regis-
tered nurses or experienced EMTs. This is performed
simultaneously with prioritizing high-quality chest com-
pressions with minimal interruption at the scene.

In November 2019, prehospital epinephrine admin-
istration for OHCA patients by EMS personnel com-
menced as part of a national pilot project. Previously, its
use was subject to the medical director’s discretion. Even
with successful IV-line establishment, fluid resuscitation
alone was chosen at times, omitting epinephrine, based
on the medical director’s judgment. Since 2019, certified
EMS personnel can administer epinephrine under video-
medical oversight after 3 days of training. Guidelines
dictate that only certified EMS teams can administer IV-
based epinephrine at a dosage of 1 mg every 4 min, while
IO access is beyond the legal scope of practice [16]. Addi-
tionally, up to 2 IV establishment attempts are permitted,
with on-scene resuscitation limited to 15 min for multi-
ple dispatches. Epinephrine administration during ambu-
lance transport is discouraged, emphasizing high-quality
chest compressions. However, not all EMS personnel in
the region are certified for prehospital epinephrine use,
leading to variations in administration practices among
patients [17].

Study population

The study included all patients identified as experiencing
OHCA by EMS personnel throughout the study period.
The exclusion criteria were 1) resuscitation withheld or
withdrawn due to obvious death signs or a DNR order,
2) presumed traumatic arrest (including intoxication and
drowning), 3) patients under 18 years old.

Data collection
The data for this study were gathered from both prehos-
pital and hospital stages due to the absence of an inte-
grated cardiac arrest registration system in the study
region. The Ulsan Fire Agency headquarters electroni-
cally compiles prehospital data from EMS dispatches
and prehospital cardiac arrest patient care reports detail-
ing IV attempts and their outcomes. Hospital data were
sourced from all 17 receiving hospital EDs in the region.
Data collection adhered to the Utstein-style reporting
guidelines for cardiac arrest [18]. Confirmation of cardiac
arrest relied on the absence of circulation signs. Patient
variables encompassed age, sex, witnessed status, arrest
location, and comorbidities (e.g., hypertension, diabe-
tes mellitus, cerebrovascular disease, cardiovascular
disease, pulmonary disease, liver disease, renal failure,
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and malignancy). Bystander-related variables included
bystander CPR, and automated external defibrillator
(AED) use. EMS-related variables covered the initial
rhythm, advanced airway management, mechanical chest
compression device usage, IV access attempts and suc-
cess, epinephrine administration, and EMS processing
times (response time, scene time, and transport time).
The response time interval (RTI), scene time interval
(STI), and transport time interval (TTI) were defined as
the time from EMS dispatch to EMS arrival at the scene,
from EMS arrival at the scene to EMS departure from the
scene, and from EMS departure from the scene to EMS
arrival at the ED, respectively.

Hospital variables included whether targeted tempera-
ture management (TTM) was performed, survival to
hospital discharge, and favorable neurological outcomes
for all patients, tracked until discharge, with neurological
outcomes assessed using cerebral performance category
(CPC) scales at hospital discharge. A CPC of 1 and 2 was
considered a favorable outcome [19].

Study outcomes

The primary outcome of this study was survival to hospi-
tal discharge across the 4 defined groups. The secondary
outcome focused on evaluating favorable neurological
outcomes.

Statistical analysis

Descriptive statistics were employed to analyze the base-
line characteristics of the study population within each
group. To compare the 4 groups, either the Kruskal-
Wallis test or one-way analysis of variance was utilized
for continuous variables, contingent on the normality
test. In cases of significant differences (p<0.05), a post
hoc Scheffe test was executed. The chi-squared test was
applied to analyze categorical variables. Multivariable
logistic regression analysis was carried out to evaluate the
association between IV access, prehospital epinephrine
use, and survival outcomes, calculating adjusted odds
ratios (ORs) and 95% confidence intervals (Cls). Regres-
sion analysis is a statistical tool that helps in understand-
ing how changes in one or more independent variables
relate to changes in a dependent variable controlling the
confounding factors. These models were adjusted for
potential confounding factors, including age, sex, comor-
bidities, witnessed status, arrest location, bystander CPR,
AED use status, initial rhythm, advanced airway man-
agement, mechanical chest compression use, and EMS
processing time. Subgroup analyses were conducted to
explore whether the impact of prehospital epinephrine
with IV accessibility on survival outcomes varied based
on the initial rhythm at the scene. Sensitivity analyses
were performed to assess the robustness of our findings.
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We restricted the data to patients from January 1, 2020,
aligning with a notable increase from 7.4% (2017-2019)
to 17.8% (2020-2022) in prehospital epinephrine use due
to a regional, national project. A 2-sided p-value of <0.05
was considered statistically significant. All statistical
analyses were carried out using SAS software (version
9.4; SAS Institute Inc., Cary, NC, USA).

Results

During the study period, there were 280,483 EMS calls
in Ulsan. Among them, 7,106 patients with OHCA were
assessed by EMS personnel. A total of 2,656 patients
were included in the study population and divided into 4
groups based on IV accessibility and the administration
of epinephrine (Fig. 1).

Characteristics of the study population

In the study population, attempts to establish IV access
were made in 54.5% (1,450/2,656), with a success rate of
73.5% (1,066/1,450). Post-hoc analysis revealed a higher
age in Group 1 compared to Group 4 (69.9+15.5 years
vs. 66.3+15.7 years, p<0.002), and higher proportion of
males in Group 3 and 4 than in Group 1 and 2. The rate
of arrest in public was highest in Group 3, whereas the
rate of arrest in an ambulance was highest in Group 1.
The RTI was longer than in Groups 3 and 4 (8.1+4.3 min
vs. 7.5+3.4 min and 7.1+3.2 min, p<0.001). Group
4 exhibited a longer STI compared to Groups 3 and
2 (18.5+5.1 min vs. 14.6+4.7 min and 14.4+5.1 min,
p<0.001), and Group 2 had a longer STI than Group 1
(14.4+5.1 min vs. 12.4+5.5 min, p<0.001). Additionally,
Group 3 had a longer TTI than Group 4 (6.9 +6.3 min vs.
5.8+ 5.2 min, p<0.010) (Table 1).

Outcomes

Table 2 presents the survival to hospital discharge and
favorable neurological outcomes in the study popu-
lation. Notably, Group 3 exhibited the highest ratio
of survival to hospital discharge (19.8%) and favora-
ble neurological outcomes (9.5%). Upon adjusting
for potential confounders, the 4 groups displayed sig-
nificant differences in survival to hospital discharge
(p=0.005) and favorable neurological outcomes
(p=0.002). However, only Group 4 demonstrated sig-
nificantly lower survival to hospital discharge (adjusted
OR=0.520, 95% CI 0.346-0.782, p=0.002) and favora-
ble neurological outcomes (adjusted OR=10.292, 95% CI
0.140-0.611, p=0.001) compared to Group 1. Groups
2 and 3 showed insignificant survival to hospital dis-
charge (adjusted OR=0.814, 95% CI: 0.566-1.171,
p=0.268), (adjusted OR=1.069, 95% CI: 0.810-1.412,
p=0.636, respectively) and favorable neurological
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Table 1 Demographics and clinical characteristics of adult nontraumatic out-of-hospital cardiac arrest patients according to IV
accessibility and prehospital epinephrine administration, 2017-2022

Total Group 1 Group 2 Group 3 Group 4 p-value
Patient variables (N=2,656) (N=1,206) (N=384) (N=707) (N=359)
Age (years) mean+SD 68.9 (15.4) 69.9 (15.5) 69.1 (15.2) 68.5(15.1) 66.3 (15.7) 0.002"
median, Q1-Q3 71.0(58.0-81.0) 73.0 (60.0-82.0) 71.0 (59.0-80.0) 70.0 (58.0-80.0) 67.0 (55.0-79.5)
Age, distribution <39 years old 114 (4.3) 49 (4 1) 16 (4.2) 27 (3.8) 22 (6.1)
40 to 59 years old 603 (22.7) 1(20.8) 82(21.3) 173 (24.5) 97 (27.0)
60 to 79 years old 1,247 (46.9) 525 (43.5) 178 (46.4) 316 (44.7) 150 (41.8)
>80 years old 692 (26.1) 381(31.6) 108 (28.1) 191 (27.0) 90 (25.1)
Sex (male) 1,643 (61.9) 701 (58.1) 216 (56.3) 477 (67.5) 249 (69.4) <0.001
Comorbidity (N=2,402) (N=1,090) (N=367) (N=598) (N=347)
hypertension 681 (28.4) 304 (27.9) 97 (26.4) 176 (29.4) 104 (30.0) 0.585
diabetes mellitus 527 (21.9) 245 (22.5) 79(21.5) 124 (20.7) 79(22.8) 0.150
cerebrovascular disease 169 (7.0) 74 (6.8) 27 (74) 42(7.0) 26 (7.5) 0.303
cardiovascular disease 398 (16.6) 171 (15.7) 54 (14.7) 110(184) 63(18.2) 0.261
pulmonary disease 169 (7.0) 85(7.8) 30(82) 32(54) 22 (6.3) 0.558
liver disease 51(2.1) 20(1.8) 10(2.7) 12(2.0) 9(2.6) 0.075
renal failure 103 (4.3) 47 (4.3) 13(3.5) 30 (5.0) 13(3.7) 0.878
malignancy 304 (12.7) 144 (13.2) 57 (15.5) 72(12.0) 3189 0.001
Witnessed arrest witnessed 1,245 (46.9) 561 (46.5) 166 (43.2) 353(49.9) 165 (46.0) 0.089
unwitnessed 1,189 (44.8) 535 (44.4) 180 (46.9) 303 (42.9) 171 (47.6)
unknown 222 (84) 110 (9.1) 38(9.9) 51(7.2) 23 (6.4)
Arrest location public 462 (174) 193 (16.0) 51(13.3) 158 (22.3) 60 (16.7) <0.001
non-public 2,029 (76.4) 885 (73.4) 316 (82.3) 531 (75.1) 297 (82.7)
ambulance 165 (6.2) 128 (10.6) 17 (4.4) 18 (2.5) 2(0.6)
Bystander variables
Bystander CPR performed 1,616 (60.8) 696 (57.7) 238 (62.0) 444 (62.8) 238 (66.3) <0.001
unperformed 983 (37.0) 482 (40.0) 137 (35.7) 252 (35.6) 112 (31.2)
unknown 57 (2.1) 28(2.3) 9(2.3) 1(1.6) 9(2.5)
Bystander AED applied 146 (5.5) 93(7.7) 17 (44) 26 (3.7) 10(2.8) 0.257
not applied 2,490 (93.8) 1,098 (91.0) 367 (95.6) 679 (96.0) 346 (96.4)
unknown 20(0.8) 15(1.2) 0(0.0) 2(0.3) 3(0.8)
EMS variables
Initial rhythm shockable 445 (16.8) 166 (13.8) 58 (15.1) 157 (22.2) 64 (17.8) 0.006
nonshockable 2,211 (83.2) 1040 (86.2) 326 (84.9) 550 (77.8) 295 (82.2)
EMS processing time (minutes)
RTI mean +SD 7839 8.1(43) 7.7 (39) 7534 7132 <0.001"
median, Q1-Q3 7.0(5.0-9.0) 7.0(5.0-9.0) 7.0 (5.0-9.0) 7.0(5.0-9.0) 7.0 (5.0-8.0)
STl mean +SD 14.1 (5.5) 124 (5.5) 14.4 (5.1) 14.6 (4.7) 183 (5.1) <0.001"
median, Q1-Q3 14.0 (11.0-17.0) 12.0 (9.0-15.0) 14.0 (11.0-17.5) 14.0 (12.0-17.0) 17.0 (15.0-21.0)
T mean +SD 6.6 (5.7) 6.8 (5.6) 6.2 (5.1) 6.9 (6.3) 58(5.2) 0010
median, Q1-Q3 5.0 (3.0-8.0) 5.0(3.0-9.0) 5.0(3.0-8.0) 5.0(3.0-8.0) 4.0 (3.0-7.0)
Advanced airway no advanced airway 410 (154) 319 (26.5) 38(9.9) 48 (6.8) 5(14) <0.001
tracheal intubation 291 (11.0) 70(5.8) 66 (17.2) 94 (13.3) 61(17.0)
supraglottic airway 1,955 (73.6) 817 (67.7) 280 (72.9) 565 (79.9) 293 (81.6)
Mechanical CPR applied 1,258 (47.4) 490 (40.6) 174 (45.3) 344 (48.7) 250 (69.6) <0.001
not applied 1,398 (52.6) 6(59.4) 210 (54.7) 363 (51.3) 109 (304)
Hospital variables
T™ performed 32(1.2) 9(0.7) 6(1.6) 1(1.6) 6(1.7) 0.087
not performed 2,624 (98.8) 1,197 (99.3) 378 (98.4) 696 (98.4) 353(98.3)
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Table 1 (continued)
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The variables are presented as numbers (percentages). The groups were divided based on intravenous accessibility and prehospital epinephrine use. Group 1 did not
have intravenous access attempted, Group 2 had a failed intravenous access attempt, Group 3 had intravenous access established but did not use epinephrine, and

Group 4 had intravenous access established and epinephrine administered

CPR cardiopulmonary resuscitation, AED automated external defibrillator, RIT response time interval, ST/ scene time interval, TT/ transport time interval, TTM targeted

temperature management, SD standard deviation

*Four-group comparison analysis was conducted using a one-way analysis of variance (p <0.05) and post-hoc analysis with the Scheffe test: Group 1> Group 4 for age,
Group 1> Group 3 and 4 for RTI, Group 4> Group 3 and 2> Group 1 for STI, and Group 3> Group 4 for TTI

Table 2 Survival to discharge and favorable neurological outcomes of adult nontraumatic out-of-hospital cardiac arrest patients
according to IV accessibility and prehospital epinephrine administration, 2017-2022

Survival to discharge

Unadjusted OR (95% Cl) p-value Adjusted OR (95% Cl) p-value
Total (N=2,656) 432 (16.3%)
Group 1 (N=1,206) 200 (16.6%) Reference 0.001" Reference 0.005"
Group 2 (N=384) 53 (13.8%) 0.805 (0.581-1.117) 0.195 0.814 (0.566-1.171) 0.268
Group 3 (N=707) 140 (19.8%) 1.242 (0.978-1.578) 0.076 1.069 (0.810-1.412) 0.636
Group 4 (N=359) 39 (10.9%) 0.613 (0.425-0.883) 0.009 0.520 (0.346-0.782) 0.002
Favorable neurological outcomes

Unadjusted OR (95% Cl) p-value adjusted OR (95% Cl) p-value
Total (N=2,644) 162 (6.1%)
Group 1 (N=1,200) 69 (5.8%) Reference <0.000" Reference 0.002"
Group 2 (N=382) 15 (3.9%) 0.670(0.379-1.185) 0.169 0.585 (0.299-1.144) 0117
Group 3 (N=704) 67 (9.5%) 1.724 (1.215-2.446) 0.002 1.075 (0.689-1.677) 0.751
Group 4 (N=358) 11 (3.1%) 0.520 (0.272-0.993) 0.048 0.292 (0.140-0.611) 0.001

The variables are presented as numbers of patients (percentages). The groups were divided based on intravenous accessibility and prehospital epinephrine use.
Group 1 did not have intravenous access attempted, Group 2 had a failed intravenous access attempt, Group 3 had intravenous access established but did not
use epinephrine, and Group 4 had intravenous access established and epinephrine administered. Neurological outcomes were scaled using cerebral performance

categories, and categories 1 and 2 were defined as favorable neurological outcomes

OR odds ratio, CI confidence interval, CPR cardiopulmonary resuscitation, AED automated external defibrillator

" Four-group comparison analysis was conducted using a chi-squared test. Other p-values represent significance level of the 95% confidence interval. The models
were adjusted for potential confounding factors, including age, sex, comorbidities, witnessed status, arrest location, bystander CPR, bystander AED use status, initial
rhythm, advanced airway management, mechanical chest compression use, and EMS processing time

outcomes (adjusted OR=0.585, 95% CI: 0.299-1.144,
p=0.117), (adjusted OR=1.075, 95% CI: 0.689-1.677,
p=0.751, respectively) compared to Group 1.

Table 3 presents the subgroup analysis to examine the
survival outcomes of the 4 groups based on the initial
rhythm at the scene. In the shockable rhythm group, a
significant difference was observed among the 4 groups
in terms of survival to hospital discharge (p<0.001)
and favorable neurological outcomes (p=0.003).
Group 3 demonstrated a favorable outcome in survival
to hospital discharge (adjusted OR=1.700, 95% CI:
1.044-2.770, p=0.033), whereas Group 4 exhibited sig-
nificantly lower survival to hospital discharge (adjusted
OR=0.391, 95% CI: 0.195-0.784, p=0.008) and favora-
ble neurological outcomes (adjusted OR=0.294, 95% CI:
0.131-0.662, p=0.003) (Table 3). In contrast, the non-
shockable rhythm group displayed no significant differ-
ences among the 4 groups in terms of survival to hospital
discharge (p=0.052) or favorable neurological outcomes
(p=0.409).

In the sensitivity analysis of data from 2020 through
2022. Group 4 consistently exhibited lower likelihoods of
survival to hospital discharge and favorable neurological
outcomes, especially in the initial shockable rhythm sub-
group (see Supplementary tables).

Discussion

This study aimed to compare survival outcomes among
adult nontraumatic OHCA patients, considering vari-
ations in IV accessibility and prehospital epinephrine
use. The key findings were that Group 4 (successful IV
access with epinephrine) exhibited significantly lower
survival to hospital discharge and favorable neurologi-
cal outcomes compared to Group 1 (no IV attempts).
However, the study could not establish the significance
of survival to hospital discharge and favorable neurologi-
cal outcomes in Group 2 (failed IV access) and Group 3
(successful IV access without epinephrine) compared
to Group 1. These findings were consistent within the
shockable rhythm group, with the exception of Group 3,
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Table 3 Survival to discharge and favorable neurological outcomes according to the initial rhythm at the scene of adult nontraumatic
out-of-hospital cardiac arrest patients according to IV accessibility and prehospital epinephrine administration, 2017-2022

Shockable rhythm at the scene
Survival to discharge

Survival Unadjusted OR (95% Cl) p-value Adjusted OR (95% Cl) p-value
Total (N=445) 197 (44.3%)
Group 1 (N=166) 70 (42.2%) Ref <0.001" Ref <0.00"
Group 2 (N=58) 22 (37.9%) 0.838 (0.454-1.548) 0572 0.855 (0.436-1.678) 0.649
Group 3 (N=157) 89 (56.7%) 1.795 (1.155-2.790) 0.009 1.700 (1.044-2.770) 0.033
Group 4 (N=64) 6 (25.0%) 0457 (0.240-0.871) 0.017 0.391 (0.195-0.784) 0.008
Favorable neurological outcomes

Favorable Unadjusted OR (95% Cl) p-value Adjusted OR (95% Cl) p-value
Total (N=440) 134 (30.5%)
Group 1 (N=165) 52 (31.5%) Ref 0.002" Ref 0.003"
Group 2 (N=56) 1(19.6%) 0.531(0.254-1.109) 0.092 0.514(0.231-1.146) 0.104
Group 3 (N=155) 61 (39.4%) 410 (0.890-2.234) 0.143 1.148 (0.687-1.918) 0.598
Group 4 (N=64) 0(15.6%) 0.402 (0.190-0.852) 0.017 0.294 (0.131-0.662) 0.003
Nonshockable rhythm at the scene
Survival to discharge

Survival Unadjusted OR (95% Cl) p-value Adjusted OR (95% Cl) p-value
Total (N=2,211) 235 (10.6%)
Group 1 (N=1,040) 130 (12.5%) Ref 0.052" Ref 0.258"
Group 2 (N=326) 31 (9.5%) 0.736 (0.487-1.112) 0.145 0.800 (0.519-1.234) 0313
Group 3 (N=550) 51 (9.3%) 0.715 (0.508-1.007) 0.055 0.786 (0.547-1.129) 0.192
Group 4 (N=295) 23 (7.8%) 0.592 (0.372-0.941) 0.027 0.648 (0.397-1.058) 0.083
Favorable neurological outcomes

Favorable Unadjusted OR (95% Cl) p-value Adjusted OR (95% Cl) p-value
Total (N=2,204) 28 (1.3%)
Group 1 (N=1,035) 7 (1.6%) Ref 0409" Ref 0.603"
Group 2 (N=326) 4(1.2%) 0.744 (0.249-2.227) 0.597 0.893 (0.280-2.847) 0.848
Group 3 (N=549) 6 (1.1%) 0.662 (0.259-1.688) 0.387 0.842 (0.307-2.310) 0.738
Group 4 (N=294) 1(0.3%) 0.204 (0.027-1.542) 0.124 0.238 (0.030-1.893) 0.175

The variables are presented as numbers of patients (percentages). The groups were divided based on intravenous accessibility and prehospital epinephrine use.
Group 1 did not have intravenous access attempted, Group 2 had a failed intravenous access attempt, Group 3 had intravenous access established but did not
use epinephrine, and Group 4 had intravenous access established and epinephrine administered. Neurological outcomes were scaled using cerebral performance

categories, and categories 1 and 2 were defined as favorable neurological outcomes

OR odds ratio, Cl confidence interval, CPR cardiopulmonary resuscitation, AED automated external defibrillator

" Four-group comparison analysis was conducted using a chi-squared test. The models were adjusted for potential confounding factors, including age, sex,
comorbidities, witnessed status, arrest location, bystander CPR, bystander AED use status, initial rhythm, advanced airway management, mechanical chest

compression use, and EMS processing time

which demonstrated improved survival to hospital dis-
charge outcomes compared to Group 1. Conversely, in
the nonshockable rhythm group, no significant differ-
ences were observed across the 4 groups concerning both
survival to hospital discharge and favorable neurological
outcomes.

In this study, EMS personnel achieved an IV access suc-
cess rate of 73.5%, a metric that varies across studies. For
instance, a US study reported a 49% success rate on the
first attempt [20], whereas a UK study reported an 81.6%
success rate [21]. This variability is attributed to multi-
ple factors, such as patient-related issues (e.g., collapsed

veins, obesity, and fragile skin) and environmental chal-
lenges (e.g., limited space, moving ambulances, poor
lighting, and difficult patient positioning) [22, 23]. In
Ulsan, EMS personnel appear to consider patient age
and RTI when deciding on IV attempts, contributing to
a relatively higher IV success rate. There are no specific
indications for IV access candidates within the local EMS
guidelines. However, the mean age of the IV-attempted
groups (Groups 2, 3, and 4) was lower than that of the
no I'V-attempted group (Group 1), and the [V-attempted
groups had a shorter RTI. Despite a high IV success rate,
the epinephrine administration rate was low, at 24.8%.
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Our research findings suggest that if epinephrine admin-
istration is not intended, there seems to be little benefit
in pursuing IV line access. Moreover, forcefully attempt-
ing IV access in situations where success rates are low
appears unwarranted, as evidenced by the lack of notable
differences in survival odds between Group 1 and Group
3, as well as between Group 1 and Group 2.

Group 4 exhibited significantly lower rates of survival
to hospital discharge and favorable neurological out-
comes compared to Group 1. One of the potential causes
of these outcomes is prolonged STI. The STI in Group
4 was longer than that of the other Groups by approxi-
mately 4 min. These findings are consistent with recent
research conducted in Korea, including Ulsan [24, 25].
While the local guideline recommends an STI of within
15 min, the average STI in Group 4 was 18.3 min, exceed-
ing the recommended time frame. This delay is likely
attributed to the time taken to ask for medical direction
and epinephrine administration. The association between
delayed epinephrine administration, longer STIs, and
lower survival odds has been well-established [26-28].
For EMS-treated adult OHCA patients with an initial
nonshockable rhythm, each minute delay from EMS
arrival to epinephrine administration was linked to a 4%
decrease in survival odds (OR=0.96, 95% CI: 0.95-0.98)
[29]. This finding emphasizes the critical need to balance
successful IV access and epinephrine administration with
the imperative of minimizing STIs. The consideration of
IO access in local guidelines emerges as a noteworthy
alternative when expedited epinephrine administration
is warranted. Considering protocolizing the request for
medical direction when administering epinephrine is
also an option. Another factor contributing to the lower
survival outcomes observed in Group 4 is the bystander
AED application rate. The chain of survival relies on a
series of interconnected steps, and optimal performance
of the preceding steps is essential for favorable outcomes.
In Group 4, the application rate of bystander AED was
the lowest among the 4 groups, at 2.8%. Bystander AED
usage rates vary widely, ranging from 2 to 37% [30].
However, the incidence of cardiac arrest in public loca-
tions in Group 4 was 16.7%, the second highest among
the groups. This disparity between the incidence of arrest
in public and the low application rate of bystander AED
warrants further investigation. Future research should
explore whether the low bystander AED usage rate in the
Ulsan region is due to issues related to accessibility or
education.

Prehospital epinephrine use holds significance in the
nonshockable rhythms group, where defibrillation effi-
cacy may be limited compared to the shockable rhythm
group, emphasizing rapid defibrillation [9, 31]. How-
ever, our study revealed no significant differences in
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the nonshockable rhythm group concerning survival
to hospital discharge and favorable neurological out-
comes. This suggests that factors beyond the scope of this
study, including patient-specific considerations, qual-
ity of bystander CPR, and in-hospital medical interven-
tions, may have influenced the outcomes. Additionally,
the uniformity of the treatment protocols, such as the
OHCA resuscitation algorithm, may have played a role
in moderating the observed outcome differences across
the 4 groups, akin to a dilution effect [32]. The consistent
application of this algorithm across the 4 groups might
have influenced or tempered the observed outcome dif-
ferences, potentially minimizing their impact on the
overall study outcomes.

It is important to acknowledge several limitations in
this study. Firstly, the retrospective design, although
valuable for leveraging existing data, introduced inher-
ent constraints, including reliance on historical records,
potential information gaps, and issues of causality. Par-
ticularly, in the case of Group 3, it remains unclear
whether the observed survival outcome resulted from
the absence of epinephrine administration or prompt
transfer without administering epinephrine, leading to
ROSC. Secondly, unmeasured confounding variables may
have influenced the outcomes, with crucial factors such
as the first IV attempt time and prehospital ROSC time
omitted from the analysis. Variables like initial epineph-
rine administration time, total epinephrine dose, and
fluid resuscitation volume could also have impacted the
outcomes but were not considered. While the time from
collapse may have also influenced the survival of OHCA
patients, its measurement was challenging and, therefore,
could not be included in the analysis. The decision to
forgo epinephrine administration during transport is an
additional factor that could have influenced the results.
In-hospital resuscitations were not factored into our
analysis. Thirdly, we utilized regression analysis to exam-
ine the influence of IV line accessibility and epinephrine
administration on survival outcomes while controlling
for significant variables (age, sex difference, arrest loca-
tion, etc.). However, we recognize that this regression
model was not flawless. For instance, within the chain of
survival, steps such as EMS activation, bystander AED
use, and bystander CPR play pivotal roles. Despite a
gradual improvement in the rate of bystander CPR per-
formance in our study, the utilization of bystander AED
remained notably low. In the regression analysis, these
factors were presumed and treated independently. How-
ever, we acknowledge that we did not investigate the
impact of survival outcomes when the preceding factors
were not appropriately performed. It is also possible that
the ambulance arrest rate in Group 1 was not fully con-
trolled in the regression model. Finally, it is crucial to
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note that the findings may not be generalizable to other
populations with different EMS systems. While the con-
sistency of our findings has been supported by other
studies in the country [25].

Conclusion

Our study underscores a complex relationship between
IV access attempts, epinephrine administration, and
OHCA patients. Specifically, patients with successful
IV access followed by epinephrine showed significantly
inferior outcomes in both survival to hospital discharge
and favorable neurological outcomes compared to those
with no attempts at IV access. The outcomes of patients
with failed IV access and successful IV access without
epinephrine were inconclusive, suggesting the need for
further investigation. Despite the potential financial
investment required for prehospital care, our study indi-
cates that its impact may be limited. In certain aspects,
it could even be detrimental to survival outcomes. These
findings could provide insights into where to focus efforts
within the chain of survival for OHCA patients.

Abbreviations

OHCA  Out-of-hospital cardiac arrest

i\ Intravenous
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DNR Do-not-resuscitate
AED Automated external defibrillator

RTI Response time interval
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T Transport time interval
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Cls Confidence intervals

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512873-024-00998-9.

[ Supplementary Material 1. }

Acknowledgements
The authors would like to acknowledge Min Hui Kim and Namgirl Kim of Ulsan
Fire Station in this study.

Authors’ contributions

Conceptualization: SYP, SHK. Data curation: SYP, SHK, BC. Formal analysis: SYP,
SHK. Investigation: SYP, SHK, BC. Methodology: SYP, SHK. Project administra-
tion: SYP, SHK, BC. Fungding aquisition: SHK. Resources: SYP, SHK, BC. Software:
SYP, SHK. Supervision: SHK. Validation: SYP, SHK. Visualization: SYP. Writing—
original draft preparation: SYP. Writing—review and editing: SYP, SHK, BC. All
authors have read and agreed to the contents of the manuscript.

Page 9 of 10

Funding

This work was supported by the University of Ulsan College of Medicine, Ulsan
University Hospital (UUH-2022-12). However, the funding source was not
involved in study design, data collection, analysis and interpretation of data,
writing of the report and the decision to submission.

Availability of data and materials

The datasets presented in this article are not readily available because some
of datasets used in this study belong to the Ulsan Fire Agency. Requests to
access the datasets should be directed to the Ulsan Fire Agency.

Declarations

Ethics approval and consent to participate

This study complies with the Declaration of Helsinki, and its protocol was
approved by the Institutional Review Board of Ulsan University Hospital with a
waiver of informed consent (IRB No. UUH-IRB-2023-06-016).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 5 January 2024 Accepted: 2 May 2024
Published online: 06 May 2024

References

1. Ong MEH, Do Shin S, De Souza NNA, Tanaka H, Nishiuchi T, Song KJ. Ko
PC-l, Leong BS-H, Khunkhlai N, Naroo GY: Outcomes for out-of-hospital
cardiac arrests across 7 countries in Asia: The Pan Asian Resuscitation
Outcomes Study (PAROS). Resuscitation. 2015;96:100-8.

2. Yang HJ, Kim GW, Kim H, Cho JS, Rho TH, Yoon HD, Lee MJ. Epidemiol-
ogy and outcomes in out-of-hospital cardiac arrest: a report from
the NEDIS-based cardiac arrest registry in Korea. J Korean Med Sci.
2015;30(1):95-103.

3. KiguchiT, Okubo M, Nishiyama C, Maconochie I, Ong MEH, Kern KB,
Wyckoff MH, McNally B, Christensen EF, Tjelmeland |, et al. Out-of-hospital
cardiac arrest across the World: First report from the International Liaison
Committee on Resuscitation (ILCOR). Resuscitation. 2020;152:39-49.

4. Nolan J, Soar J, Eikeland H. The chain of survival. Resuscitation.
2006;71(3):270-1.

5. Panchal AR, Bartos JA, Cabanas JG, Donnino MW, Drennan IR, Hirsch
KG, Kudenchuk PJ, Kurz MC, Lavonas EJ, Morley PT. Part 3: adult basic
and advanced life support: 2020 American Heart Association guidelines
for cardiopulmonary resuscitation and emergency cardiovascular care.
Circulation. 2020;142(16_Suppl_2):S366-468.

6. Soar J, Bottiger BW, Carli P, Couper K, Deakin CD, Djérv T, Lott C, Olas-
veengen T, Paal P, Pellis T. European resuscitation council guidelines 2021:
adult advanced life support. Resuscitation. 2021;161:115-51.

7. OhJ,ChaK-C, Lee J-H, Park S, Kim D-H, Lee BK, Park JS, Jung WJ, Lee DK,
Roh YI. 2020 Korean guidelines for cardiopulmonary resuscitation. Part 4.
adult advanced life support. Clin Exp Emerg Med. 2021;8(S):S26-40.

8. Jacobs IG, Finn JC, Jelinek GA, Oxer HF, Thompson PL. Effect of adrenaline
on survival in out-of-hospital cardiac arrest: a randomised double-blind
placebo-controlled trial. Resuscitation. 2011;82(9):1138-43.

9. Perkins GD, Ji C, Deakin CD, Quinn T, Nolan JP, Scomparin C, Regan S,
Long J, Slowther A, Pocock H. A randomized trial of epinephrine in out-
of-hospital cardiac arrest. N Engl J Med. 2018;379(8):711-21.

10. Perkins GD, Kenna C, Ji C, Deakin CD, Nolan JP, Quinn T, Fothergill R,
Gunson |, Pocock H, Rees N. The effects of adrenaline in out of hospital
cardiac arrest with shockable and non-shockable rhythms: Findings from
the PACA and PARAMEDIC-2 randomised controlled trials. Resuscitation.
2019;140:55-63.

11. Soar J, Maconochie |, Wyckoff MH, Olasveengen TM, Singletary EM, Greif
R, Aickin R, Bhanji F, Donnino MW, Mancini ME, et al. 2019 International


https://doi.org/10.1186/s12873-024-00998-9
https://doi.org/10.1186/s12873-024-00998-9

Park et al. BMC Emergency Medicine

20.

21.

22.

23.

24.

25.

26.

27.

28.

(2024) 24:79

Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovas-
cular Care Science With Treatment Recommendations: Summary From
the Basic Life Support; Advanced Life Support; Pediatric Life Support;
Neonatal Life Support; Education, Implementation, and Teams; and First
Aid Task Forces. Circulation. 2019;140(24):e826-80.

Perkins GD, Kenna C, Ji C, Deakin CD, Nolan JP, Quinn T, Scomparin C,
Fothergill R, Gunson |, Pocock H. The influence of time to adrenaline
administration in the Paramedic 2 randomised controlled trial. Intensive
Care Med. 2020;46:426-36.

Okubo M, Komukai S, Callaway CW, Izawa J. Association of timing of
epinephrine administration with outcomes in adults with out-of-hospital
cardiac arrest. JAMA Netw Open. 2021;4(8):e2120176.

Park JH, Song KJ, Shin SD. Prehospital EMS system in Korea: Current Status
and Future Direction. Clin Exp Emerg Med. 2023;10(3):251-4.

Kim YS, Kim KH, Song KJ, Do Shin S, Park JH. The number and level of
first-contact emergency medical services crew and clinical outcomes

in out-of-hospital cardiac arrest with dual dispatch response. Clin Exp
Emerg Med. 2022,9(4):314.

Do Shin S, Kitamura T, Hwang SS, Kajino K, Song KJ, Ro YS, Nishiuchi T,
IwamiT. Association between resuscitation time interval at the scene and
neurological outcome after out-of-hospital cardiac arrest in two Asian
cities. Resuscitation. 2014;85(2):203-10.

Lim D, Park SY, Choi B, Kim SH, Ryu JH, Kim YH, Sung AJ, Bae BK, Kim HB.
The comparison of emergency medical service responses to and out-
comes of out-of-hospital cardiac arrest before and during the COVID-19
pandemic in an area of Korea. J Korean Med Sci. 2021,36(36):e255.
Perkins GD, Jacobs IG, Nadkarni VM, Berg RA, Bhaniji F, Biarent D, Bossaert
LL, Brett SJ, Chamberlain D, de Caen AR. Cardiac arrest and cardiopulmo-
nary resuscitation outcome reports: update of the Utstein resuscitation
registry templates for out-of-hospital cardiac arrest: a statement for
healthcare professionals from a task force of the International liaison
Committee on resuscitation (American heart association, European resus-
citation Council, Australian and New Zealand Council on resuscitation,
heart and stroke Foundation of Canada, InterAmerican heart Foundation,
resuscitation Council of southern Africa, resuscitation Council of Asia);
and the American heart association emergency cardiovascular care Com-
mittee and the Council on cardiopulmonary, critical care, perioperative
and resuscitation. Circulation. 2015;132(13):1286-300.

Phelps R, Dumas F, Maynard C, Silver J, Rea T. Cerebral performance cat-
egory and long-term prognosis following out-of-hospital cardiac arrest.
Crit Care Med. 2013;41(5):1252-7.

Reades R, Studnek JR, Vandeventer S, Garrett J. Intraosseous versus
intravenous vascular access during out-of-hospital cardiac arrest: a rand-
omized controlled trial. Ann Emerg Med. 2011;58(6):509-16.

Nolan JP, Deakin CD, Ji C, Gates S, Rosser A, Lall R, Perkins GD. Intraos-
seous versus intravenous administration of adrenaline in patients with
out-of-hospital cardiac arrest: a secondary analysis of the PARAMEDIC2
placebo-controlled trial. Intensive Care Med. 2020;46(5):954-62.

Tan BKK, Chin YX, Koh ZX. Said NAZBM, Rahmat M, Fook-Chong S, Ng YY,
Ong MEH: Clinical evaluation of intravenous alone versus intravenous

or intraosseous access for treatment of out-of-hospital cardiac arrest.
Resuscitation. 2021;159:129-36.

Hooper A, Nolan JP, Rees N, Walker A, Perkins GD, Couper K. Drug routes
in out-of-hospital cardiac arrest: a summary of current evidence. Resusci-
tation. 2022;181:70-8.

Park SY, Lim D, Kim SC, Ryu JH, Kim YH, Choi B, Kim SH. Effect of prehospi-
tal epinephrine use on survival from out-of-hospital cardiac arrest and on
emergency medical services. J Clin Med. 2021;11(1):190.

Han E, Kong T, You JS, Park |, Park G, Lee S, Chung SP. Effect of Prehospital
Epinephrine on Out-of-Hospital Cardiac Arrest Outcomes: A Propensity
Score-Matched Analysis. Yonsei Med J. 2022;63(2):187-94.

Kim KH, Do Shin S, Song KJ, Ro YS, Kim YJ, Hong KJ, Jeong J. Scene time
interval and good neurological recovery in out-of-hospital cardiac arrest.
Am J Emerg Med. 2017;35(11):1682-90.

Ewy GA, Bobrow BJ, ChikaniV, Sanders AB, Otto CW, Spaite DW, Kern

KB. The time dependent association of adrenaline administration and
survival from out-of-hospital cardiac arrest. Resuscitation. 2015;96:180-5.
Koscik C, Pinawin A, McGovern H, Allen D, Media D, Ferguson T, Hop-
kins W, Sawyer K, Boura J, Swor R. Rapid epinephrine administration
improves early outcomes in out-of-hospital cardiac arrest. Resuscitation.
2013,84(7):915-20.

29.

30.

Page 10 of 10

Hansen M, Schmicker RH, Newgard CD, Grunau B, Scheuermeyer F,
Cheskes S, Vithalani V, Alnaji F, Rea T, Idris AH. Time to epinephrine admin-
istration and survival from nonshockable out-of-hospital cardiac arrest
among children and adults. Circulation. 2018;137(19):2032-40.

Simmons KM, Mclsaac SM, Ohle R. Impact of community-based interven-
tions on out-of-hospital cardiac arrest outcomes: a systematic review and
meta-analysis. Sci Rep. 2023;13(1):10231.

31. GotoY, MaedaT, Goto Y. Effects of prehospital epinephrine during out-of-
hospital cardiac arrest with initial non-shockable rhythm: an observa-
tional cohort study. Crit Care. 2013;17(5):R188.

32. Rhee MK, Ziemer DC, Caudle J, Kolm P, Phillips LS. Use of a uniform treat-
ment algorithm abolishes racial disparities in glycemic control. Diabetes
Educ. 2008;34(4):655-63.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Impact of intravenous accessibility and prehospital epinephrine use on survival outcomes of adult nontraumatic out-of-hospital cardiac arrest patients
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design
	Study setting
	Study population
	Data collection
	Study outcomes
	Statistical analysis

	Results
	Characteristics of the study population
	Outcomes

	Discussion
	Conclusion
	Acknowledgements
	References


