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Abstract

Background: The prognosis of out-of-hospital cardiac arrest (OHCA) is very poor. While several prehospital factors
are known to be associated with improved survival, the impact of prehospital factors on different age groups is
unclear. The objective of the study was to access the impact of prehospital factors and pre-existing comorbidities
on OHCA outcomes in different age groups.

Methods: A retrospective observational analysis was conducted using the emergency medical service (EMS)
database from January 2015 to December 2019. We collected information on prehospital factors, underlying
diseases, and outcome of OHCAs in different age groups. Kaplan-Meier type survival curves and multivariable
logistic regression were used to analyze the association between modifiable pre-hospital factors and outcomes.

Results: A total of 4188 witnessed adult OHCAs were analyzed. For the age group 1 (age ≦75 years old), after
adjustment for confounding factors, EMS response time (odds ratio [OR] = 0.860, 95% confidence interval [CI]:
0.811–0.909, p < 0.001), public location (OR = 1.843, 95% CI: 1.179–1.761, p < 0.001), bystander CPR (OR = 1.329, 95%
CI: 1.007–1.750, p = 0.045), attendance by an EMT-Paramedic (OR = 1.666, 95% CI: 1.277–2.168, p < 0.001), and
prehospital defibrillation by automated external defibrillator (AED)(OR = 1.666, 95% CI: 1.277–2.168, p < 0.001) were
prognostic factors for survival to hospital discharge in OHCA patients. For the age group 2 (age > 75 years old), age
(OR = 0.924, CI:0.880–0.966, p = 0.001), EMS response time (OR = 0.833, 95% CI: 0.742–0.928, p = 0.001), public
location (OR = 4.290, 95% CI: 2.450–7.343, p < 0.001), and attendance by an EMT-Paramedic (OR = 2.702, 95% CI:
1.704–4.279, p < 0.001) were independent prognostic factors for survival to hospital discharge in OHCA patients.

Conclusions: There were variations between younger and older OHCA patients. We found that bystander CPR and
prehospital defibrillation by AED were independent prognostic factors for younger OHCA patients but not for the
older group.

Keywords: Out-of-hospital cardiac arrest, Age, Prehospital, Bystander CPR, Defibrillation

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: a0953283092@yahoo.com.tw
1Department of Emergency Medicine, Kaohsiung Chang Gung Memorial
Hospital, Chang Gung University College of Medicine, 123, Dapi Road,
Niaosong Township, Kaohsiung County 833 Kaohsiung City, Taiwan
Full list of author information is available at the end of the article

Huang et al. BMC Emergency Medicine            (2021) 21:3 
https://doi.org/10.1186/s12873-020-00400-4

http://crossmark.crossref.org/dialog/?doi=10.1186/s12873-020-00400-4&domain=pdf
http://orcid.org/0000-0003-1960-2274
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:a0953283092@yahoo.com.tw


Background
The prognosis of out-of-hospital cardiac arrest (OHCA)
is very poor, with the survival rate ranging from 2 to
11% in the Asia-Pacific area [1]. Many prehospital fac-
tors influence the outcomes of OHCA, such as witnes-
sing the OHCA, bystander cardiopulmonary
resuscitation (CPR), initial heart rhythm, level of hospital
care, location, and time of OHCA [2–5].
Patient level characteristics, such as age, sex, and

underling diseases are also prognostic factors of OHCA
[6–10]. However, the influence of comorbidities on car-
diac arrest outcomes is still controversial. Hirlekar et al.
revealed that increasing Charlson comorbidity index was
related to poor outcome for OHCA [9], but Lai et al.
showed that cardiac comorbidities were predictors of
improved survival [6].. Most studies revealed that older
OHCA patients had poorer prognosis than that of youn-
ger patients, and the results might be due to them hav-
ing more comorbidities [11], less cardiovascular
intervention therapy, such as coronary angiographies
after OHCA [12], occurrence of OHCA in a less public
area [13], or old age.
There is limited research focused on modifiable pre-

hospital factors and survival in different age groups for
OHCA, and the variation between old and young pa-
tients remains unclear. Moreover, the influence of co-
morbidities on OHCA prognosis remains inconclusive.
As a result, the purpose of this study is to analyze how
modifiable prehospital factors [4, 14–17], such as by-
stander CPR, emergency medical service (EMS) response
time, shockable rhythm, EMT-Paramedic (EMT-P) at-
tendance, and prehospital automated external defibrilla-
tor (AED) use influence survival for different age groups
of OHCA patients and examine the effect of comorbidi-
ties on OHCA outcomes.

Methods
Study population
The study was conducted in Kaohsiung, which is ranked
the third most populous city in Taiwan with approxi-
mately 2.77 million people. We obtained data of OHCA
patients from the EMS database, from January 2015 to
December 2019. The EMS database has been described
previously [18]. Briefly, the EMS is a single-tiered system
with ambulance records stored electronically in every
province’s EMS command center; it is maintained by the
government of Taiwan. The EMS database for OHCA
consists of two parts: the first part is completed by
emergency medical technicians (EMT) and the second
part is completed by trained medical record reviewers of
the patient receiving hospitals. The first part includes
demographic information, such as age, sex, underlying
diseases, time of onset, address/location of the scene; pa-
tient numbering and arrival time at the hospital; initial

management by EMTs, such as basic life support (BLS);
and initial airway management, such as intubation. The
second part includes neurological outcomes using the
Cerebral Performance Category (CPC) of OHCA pa-
tients and patient disposition.
After reviewing the EMS database, we excluded cases

of patients ≤20 years old [19], deaths due to trauma,
burn, drowning, resuscitation not started due to pre-
ordered “do not resuscitate” (DNR) orders, non-
witnessed OHCAs, incomplete data, and patients who
were transfer to other hospitals after initial resuscitation.
Data on age; sex; prehospital factors, such as bystander

CPR, shockable rhythm, address where OHCA was re-
ported, initial management by EMTs; and comorbidities,
such as hypertension, diabetes, respiratory diseases were
included from the EMS database [11]. The study was ap-
proved by our hospital’s institutional review board
(number: 202001321B0) and was performed in accord-
ance with the ethical standards of the 1964 Declaration
of Helsinki and its later amendments. Informed consent
from participants was not required for this study. The
primary outcome was survival to hospital discharge and
the secondary outcome was a favorable neurological out-
come (CPC 1–2).

Statistics
The results of the descriptive analyses of independent
variables are reported as means ± SDs. Qui-square test,
Mann-Whitney U test, and Student t test were used to
analyze independent variables. The statistical signifi-
cance of the relationship between prehospital factors, co-
morbidities and outcome of OHCA was analyzed by
logistic regression to obtain the odds ratio (OR), 95%
confidence interval (CI), and p-value for trends. A
Kaplan-Meier type plot was used to estimate survival
rate from after OHCA to four consecutive stages of care:
survival for 2 h, survival for 24 h, survival to hospital dis-
charge, and favorable neurologic outcome. Log-rank test
was used to calculate the p value for each stage in
Kaplan-Meier type plot. A P-value <.05 was considered
as statistically significant. All statistical analyses were
performed with SPSS version 25.0 (IBM Corp, Armonk,
NY, USA).

Results
A total of 10,933 cases of OHCA were recorded in Kao-
hsiung during the 5-year study period. We excluded
cases of deaths due to burns, trauma, or drowning (n =
1430), non-witnessed OHCAs (n = 3672), patients under
20 years old (n = 63), cases where resuscitation was not
started due to a pre-prescribed DNR order (n = 693),
and cases with incomplete data (n = 887). After exclu-
sions, a total of 4188 OHCA cases were analyzed in this
study.
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The demographic characteristics and prehospital fac-
tors of the age group 1 (≦75 years old) and age group 2
(> 75 years old) are listed in Table 1. There were 2259
and 1659 OHCAs in age group 1 and group 2, respect-
ively. Age group 1 OHCA patients were associated had a
higher ratio of males (p < 0.001), public location of car-
diac arrest (p < 0.001), shockable rhythm (p < 0.001), de-
fibrillation by AED (p < 0.001), and shorter EMS
response time (p < 0.001). Group 2 OHCA patients had
a higher ratio of diabetes (p < 0.001), previous stroke
(p < 0.001), and respiratory diseases (p < 0.001) than the
group 1.
Table 2 shows the prognostic factors of OHCA pa-

tients in different age groups. There were significant dif-
ferences between survival to hospital discharge and
mortality for both age groups by age (p = 0.006 and p <
0.001), EMS response time (p < 0.001 and p = 0.006), car-
diac arrest location (p < 0.001), bystander airway man-
agement (p = 0.034 and p = 0.011), attendance by an
EMT-P (p < 0.001), and prehospital defibrillation by
AED (p < 0.001 and p = 0.01). There were significant dif-
ferences between survival to hospital discharge and mor-
tality for the group 1 but not for the group 2 for
bystander CPR (p = 0.002) and shockable rhythm (p <
0.001). The ratio of intubation by EMT and OHCA

survival rate was higher in the group 2 (p = 0.0028) than
those in the group 1 (p = 0.558).
Table 3 shows the findings of a multivariate logistic re-

gression of OHCA, adjusted for prognostic confounding
factors, including age, EMS response time, cardiac arrest
location, bystander CPR, bystander airway management,
attendance by EMT-P, shockable rhythm, prehospital
defibrillation by AED, and intubation by EMT. After
adjusting for confounding factors, age (OR = 0.985, 95%
CI: 0.979–0.992, p < 0.001), EMS response time (OR =
0.859, 95% CI: 0.817–0.903, p < 0.001), public location
(OR = 2.168, 95% CI: 1.694–2.775, p < 0.001), attendance
by EMT-P (OR = 1.863, 95% CI: 1.482–2.341, p < 0.001),
and prehospital defibrillation by AED (OR = 2.667, 95%
CI: 2.079–3.421, p < 0.001) were statistically associated
with survival to hospital discharge of OHCA. For favor-
able neurological outcome, age (OR = 0.975, CI: 0.964–
0.985, p < 0.001), EMS response time (OR = 0.817, 95%
CI: 0.754–0.886, p < 0.001), public location (OR = 2.522,
95% CI: 1.759–3.615, p < 0.001), bystander CPR (OR =
2.134, 95% CI: 1.483–3.072, p < 0.001), attendance by
EMT-P (OR = 1.543, 95% CI: 1.088–2.188, p = 0.015),
and prehospital defibrillation by AED (OR = 3.674, 95%
CI: 2.555–5.282, p < 0.001) were independently associ-
ated with OHCA.

Table 1 Demographic factors and outcomes among different age groups of out-of-hospital cardiac arrest patients

Group 1
(Age ≦75 years)

Group 2
(Age > 75 years)

p

Characteristics of medical out-of-hospital cardiac arrest patients n = 2529 n = 1659

Age (years) 58.1 ± 12.2 84.0 ± 5.4 < 0.001

Male sex 1822 890 < 0.001

EMS response time (min) 7.1 ± 3.7 6.6 ± 3.1 < 0.001

Cardiac arrest location (public) 653 149 < 0.001

Bystander CPR 1069 699 0.931

Bystander keep airway 229 172 0.158

Attended by EMS-Paramedic 760 456 0.074

Prehospital ROSC 46 31 0.014

Shockable rhythm 171 32 < 0.001

Defibrillation by AED 643 171 < 0.001

Hypertension 773 741 < 0.001

Diabetes 589 470 < 0.001

Old stroke 153 171 < 0.001

Liver disease 99 42 0.015

Respiratory disease 73 117 < 0.001

Renal disease 240 149 0.579

Survival over 2 h 803 432 < 0.001

Survival over 24 h 648 326 < 0.001

Survival to hospital discharge 328 108 < 0.001

Favorable neurologic outcome 136 23 < 0.001
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Table 4 shows the results of multivariate logistic re-
gression analysis of survival to hospital discharge of
OHCA in different age groups, adjusted for prognostic
confounding factors. For the age group 1, EMS response
time (OR = 0.860, 95% CI: 0.811–0.909, p < 0.001), public
location (OR = 1.843, 95% CI: 1.179–1.761, p < 0.001),
bystander CPR (OR = 1.329, 95% CI: 1.007–1.750, p =
0.045), attendance by EMT-P (OR = 1.666, 95% CI:
1.277–2.168, p < 0.001), and prehospital defibrillation by

AED (OR = 1.666, 95% CI: 1.277–2.168, p < 0.001) were
statistically associated with survival to hospital discharge
of OHCA. For the age group 2, after adjusting for con-
founding factors, age (OR = 0.924, CI: 0.880–0.966, p =
0.001), EMS response time (OR = 0.833, 95% CI: 0.742–
0.928, p = 0.001), public location (OR = 4.290, 95% CI:
2.450–7.343, p < 0.001), and attendance by EMT-P (OR =
2.702, 95% CI:1.704–4.279, p < 0.001) were statistically
associated with OHCA.

Table 2 Key factors associated with survival in different age groups

Group 1 Group 2

Key factors associated with
survival

Survival to hospital discharge
(n = 328)

Mortality (n =
2201)

p Survival to hospital
discharge (n = 108)

Mortality (n =
1551)

p

Age (years) 56.4 ± 12.4 58.4 ± 12.1 0.006 82.5 ± 4.8 84.1 ± 5.3 <
0.001

Male sex 238 1584 0.823 48 841 0.074

EMS response time (min) 6.1 ± 2.3 7.2 ± 3.8 <
0.001

5.8 ± 2.0 6.7 ± 3.2 0.006

Cardiac arrest location (public) 140 513 <
0.001

24 125 <
0.001

Bystander CPR 165 904 0.002 51 648 0.268

Bystander keep airway 40 189 0.034 19 153 0.011

Attended by EMT-Paramedic 130 630 <
0.001

55 401 <
0.001

Shockable rhythm 41 130 <
0.001

3 29 0.861

Prehospital defibrillation by
AED

156 487 <
0.001

19 152 0.01

Intubation by EMT 7 39 0.647 5 26 0.028

Hypertension 97 676 0.676 43 698 0.294

Diabetes 77 512 0.932 32 438 0.757

Old stroke 20 133 0.969 8 163 0.305

Liver disease 10 89 0.386 3 39 0.866

Respiratory disease 14 59 0.109 7 110 0.811

Renal disease 29 211 0.668 11 138 0.651

Table 3 Adjusted odds ratios for outcome of OHCA

Survival to hospital discharge Favorable neurological outcome

OR 95% CI p OR 95% CI p

Age (years, one additional year) 0.985 0.979 0.992 < 0.001 0.975 0.964 0.985 < 0.001

EMS response time (one additional minute) 0.859 0.817 0.903 < 0.001 0.817 0.754 0.886 < 0.001

Cardiac arrest location (public) 2.168 1.694 2.775 < 0.001 2.522 1.759 3.615 < 0.001

Bystander CPR 1.21 0.95 1.54 0.122 2.134 1.483 3.072 < 0.001

Bystander keep airway 1.21 0.84 1.744 0.306 0.932 0.551 1.577 0.793

Attended by EMT-Paramedic 1.863 1.482 2.341 < 0.001 1.543 1.088 2.188 0.015

Shockable rhythm 1.162 0.783 1.726 0.456 1.085 0.644 1.828 0.759

Prehospital defibrillation 2.667 2.079 3.421 < 0.001 3.674 2.555 5.282 < 0.001

Intubation by EMT 1.112 0.565 2.192 0.758 0.532 0.153 1.848 0.321
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Bystander CPR and prehospital defibrillation by AED
were independent prognostic factors for the group 1 but
not for the group 2. Crude analysis using Kaplan-Meier
type plots for bystander CPR and prehospital defibrilla-
tion in the different age group are shown in Figs. 1 and
2. Figure 1 shows that bystander CPR was associated
with improved neurologic outcome (p = 0.006) only in
the group 1. Figure 2 shows that prehospital defibrilla-
tion by AED was associated with higher probability of
survival for 2 h (p < 0.001), survival for 24 h (p < 0.001),

survival to hospital discharge (p < 0.001), and favorable
neurological outcome (p < 0.001) in age group 1.

Discussion
In this study, we analyzed the different prognostic fac-
tors for OHCA for different age groups. Compared with
the age group 2 (age > 75 years), we found that bystander
CPR and prehospital defibrillation by AED were

Table 4 Adjusted odds ratios for survival to hospital discharge in different age groups

Group 1 Group 2

OR 95% CI p OR 95% CI p

Age (years, one additional year) 0.994 0.984 1.005 0.284 0.924 0.88 0.966 0.001

EMS response time (one additional minute) 0.86 0.811 0.909 < 0.001 0.833 0.742 0.928 0.001

Cardiac arrest location (public) 1.843 1.399 2.423 < 0.001 4.29 2.45 7.343 < 0.001

Bystander CPR 1.329 1.007 1.75 0.045 0.882 0.518 1.467 0.634

Bystander keep airway 1.158 0.746 1.766 0.507 1.534 0.732 3.114 0.251

Attended by EMT-Paramedic 1.666 1.277 2.168 < 0.001 2.702 1.704 4.279 < 0.001

Shockable rhythm 1.162 0.76 1.747 0.482 0.878 0.182 2.995 0.85

Prehospital defibrillation 2.908 2.198 3.843 < 0.001 1.513 0.765 2.814 0.225

Intubation by EMT 0.773 0.296 1.763 0.558 1.996 0.619 5.401 0.282

Fig. 1 Kaplan Meier type survival curves for out-of-hospital cardiac
arrest patients stratified by bystander CPR in different age groups. a
Group 1 (Age ≦75); b Group 2 (Age > 75)

Fig. 2 Kaplan Meier type survival curves for out-of-hospital cardiac
arrest patients stratified by prehospital defibrillation by AED in
different age groups. a Group 1; b Group 2
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independent prognostic factors for age group 1 (Age
≦75) OHCA patients.
Many previous studies have demonstrated that prehos-

pital factors are associated with the outcomes of OHCA,
such as age [3, 17, 20], location of OHCA [3, 13], EMS
response time [15, 21], attended by EMT-Paramedic
[22], and witness of OHCA [23]. Old age might be a
poor prognostic factor for OCA. Compared with patients
who were below 60 years, Pareek et al. found that the
OR (95% CI) for poor neurologic outcomes was 1.97
(1.27–3.08) for the 60–80-year group and 8.97 (3.66–
27.06) for the > 80-year group [17]. Another study
showed that the OR (95% CI) for 1-year survival after
OHCA was 0.96 (0.95–0.97) for one additional age [3].
The present study had similar results. We found that the
ORs (95% CI) for survival to hospital discharge for the
group 1 and group 2 were 0.994 (0.984–1.005) and 0.924
(0.880–0.966), respectively.
Some studies attempted to exam the influence of by-

stander CPR on OHCA outcomes, but the results were
inconclusive. Girotra et al. showed that bystander CPR
was positively correlated with survival and neurological
outcome [10]. However, Handel et al. did not find a
positive association between bystander CPR and survival
to hospital discharge in OHCA [24]. There could be sev-
eral possible explanations for this discrepancy. First,
there could be a difference in the quality of CPR pro-
vided by bystanders. Axelsson et al. revealed that OHCA
witnessed by EMT had a higher chance of survival than
bystander-witnessed OHCA [23]. Second, the time be-
tween cardiac arrest and initiation of CPR might impact
the outcome. Sasson et al. reviewed 79 studies and con-
cluded that the survival rate might increase if a by-
stander initiated CPR early [7]. A study by Sladjana et al.
demonstrated that CPR performed within four minutes
of the cardiac arrest would have a better prognosis [25].
Third, response time could also affect the outcome.
Rajan et al. showed that the ratio of the standardized 30-
day survival rate between bystander CPR and non-
bystander CPR increased as response time was pro-
longed; at response time of 5 min, bystander CPR was
associated with a 2.3 times greater survival rate com-
pared with that of non-bystander CPR and a 3.0 times
greater survival rate at 10 min response time [16].
Fourth, the differences in age and communities of pa-
tients included in these studies might influence the im-
pact of bystander CPR on OHCA outcomes. In the
present study, we found that bystander CPR was associ-
ated with a higher chance of survival for the age group 1
than that for group 2.
Prehospital defibrillation was also a prognostic factor

for OHCA [2, 10]. Our study found that prehospital de-
fibrillation was associated with a higher chance of sur-
vival for age group 1 than that for group 2. One possible

reason was the different causes of OHCA among the dif-
ferent age groups. Winther-Jensen et al. revealed that
the number of cardiogenic OHCA was higher in younger
patients than in older patients [12], and cardiogenic
OHCA seemed to have better prognosis [23]. Early de-
fibrillation is an effective treatment for ventricular fibril-
lation (VF), and VF is a common presentation for
cardiogenic OHCA [6]. Furthermore, the probability of
accepting invasive post-resuscitation procedures, such as
coronary angiography, was higher in younger OHCA pa-
tients than in older patients [12]. Coronary angiography
is known to reduce mortality and improve neurological
recovery in patients with ST elevation myocardial infarc-
tion (STEMI) complicated with OHCA [26]. Shavelle
et al. collected data on 422 STEMI OHCA patients who
underwent coronary angiography, 263 (62%) survived to
hospital discharge, and 193 (46%) had favorable neuro-
logical outcomes, which was much better than that of
the generalized OHCA patients [27]. In contrast, older
OHCA patients had more comorbidities than the youn-
ger group did, which included diabetes, previous stroke,
and respiratory diseases in our cohort. As a result, the
older group might accept a less invasive procedure or
treatment than the younger group might, thus resulting
in poorer outcomes.
Location of cardiac arrest is a prognostic factor for

OHCAs [3, 13]. OHCA occurred at different counties,
public/resident or urban/rural area also influenced the
outcome [3, 10, 13]. OHCA occurring in public locations
are usually associated with a shorter response time,
younger age, and more often occur during the daytime
[13]. OHCAs occurring in different areas might impact
the EMS response time, and might reflect different so-
cioeconomic status of the countries [3, 10]. Shorter re-
sponse time, younger age, OHCA occurring during the
daytime, urban areas, and socioeconomic status are usu-
ally associated with better prognosis [15, 21, 28, 29].
However, people who have OHCAs in public locations
tend to be healthier, are able to move freely, and prob-
ably have less comorbidity, and thus have better out-
comes [30]. The current study also supported this
finding. In the current study, OHCAs occurring in pub-
lic locations had better prognosis in both the age group
1 and group 2.
EMS response time was defined as the duration of

time from when a call is made to the EMS to the point
when the EMT arrive at the scene. Recently, several
studies revealed that shorter EMS response time could
improve outcome of OHCA [15, 16, 21, 25]. Shorter
EMS response time was associated with a higher rate of
survival to discharge and of 1 year survival [25]. For
bystander-witnessed OHCA, Ono et al. collected 204,
277 episodes of OHCA and used receiver operating
characteristic (ROC) curve analysis with Youden Index
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to calculate optimal cut-off values for the response time
that predicted favorable neurological outcomes. They re-
ported that a response time of ≤6.5 min was correlated
with favorable neurological outcomes [15]. With by-
stander CPR, the cut-off value of response time could be
prolonged by 1min (to 7.5 min). For OHCAs of cardiac
origin, response time less than 7.5 min was found to in-
crease the odds of survival to discharge and had better
neurological outcome [21]. In the present study, when
response time was prolonged by 1min, we found de-
creased odds of survival to discharge in both the group 2
(OR = 0.833, 95% CI: 0.742–0.928) and group 1 (OR =
0.860, 95% CI: 0.811–0.909). Reduced EMS response
time reflect earlier advanced cardiovascular life support
(ACLS) interventions and higher quality CPR by EMT
and thus improves prognosis.
In Taiwan, EMS agents can be classified into EMT-I,

EMT-II, and EMT-P. The differences between EMT-I,
EMT-II, and EMT-P are mainly in the training program,
training time received, and what they are authorized to
do. The total training time for EMT-I, EMT-II, and
EMT-P qualifications are 40, 280, and 1280 h, respect-
ively. The training programs for cardiac arrest include
the BLS, but only EMT-P undergoes the program with
ACLS being held in the hospital. Attendance by EMT-P
was associated with a good prognosis of OHCA in our
study, both for the group 1 and group 2. One possible
reason for this could be the difference in experience.
Usually EMTs enter the workplace after undergoing
EMT-I training. After a period of time, they complete
EMT-II training and EMT-P if necessary. Therefore,
both the training programs and experience of the EMTs
differ. Gold et al. also discovered that every additional
year of experience for a paramedic was associated with
2% increased odds of survival for OHCA patients [22].
Another possible explanation is earlier intervention
using advanced life support (ALS). In Taiwan, only
EMT-P are allowed to perform ALS, such as the place-
ment of an endotracheal tube and limited drug adminis-
tration, including epinephrine and amiodarone. Another
study performed in Taiwan revealed that EMT-P inter-
vention was related to a higher rate of survival to hos-
pital admission [14]. Furthermore, recent studies also
showed that prehospital physician involvement was asso-
ciated with improved return of spontaneous circulation,
survival to hospital admission, and survival to hospital
discharge [4, 31]. These results suggest that high quality
CPR and early ALS, even ACLS, involvement were asso-
ciated with better outcomes of OHCA.
Pre-existing comorbidities might be a prognostic fac-

tor for OHCA, but previous studies showed inconclusive
results. Hirlekar, et al. demonstrated that renal disease,
diabetes, congestive heart failure, and metastatic carcin-
oma were poor prognostic factors for 30-day survival

rate, after adjusting for prehospital factors [9]. Andrew,
et al. revealed that diabetes, congestive heart failure,
renal disease, and chronic obstructive pulmonary disease
were associated with reduced odds of survival to hospital
discharge for initial shockable OHCA patients [32]; add-
itionally, another study did not find a statistically signifi-
cant association between diabetes and survival to
hospital discharge after adjusting for prehospital and
demographic factors [33]. However, Lai et al. found that
cardiac comorbidities, such as valvular heart diseases
and cardiomyopathy, were independent factors that im-
prove survival [6]. The current study did not find signifi-
cant differences between effects of comorbidities,
including diabetes, hypertension, previous stroke, and
liver disease, on survival of OHCA patients. A recent
systemic review of 29 observational studies, attempted to
find a relationship between pre-arrest comorbidity and
outcomes of OHCA [34]. However, a meta-analysis was
not performed in this review due to the clinical and stat-
istical heterogeneity across the included studies. The au-
thors concluded that among the 29 studies, 42% (40/94)
outcomes of survival showed statistically significant asso-
ciation between comorbidities on OHCA survival. In
other words, although some studies revealed a negative
association between comorbidities and survival of
OHCA, the overall result was still inconclusive.

Limitation
There are some limitations in the present study. First, this
study was a retrospective observational study and limited
to one city with a single tiered EMS system. Second, pa-
tients were not included in our study if they were referred
by family or healthcare facility. Third, our study did not
include long-term survival and lacked data to explore by-
stander CPR quality, treatment during hospitalization, and
dispatcher-assisted CPR. Fourth, some prognostic factors
of OHCA, such as the time of initiation of CPR, use of re-
suscitation drugs including epinephrine, level of post-
resuscitation care, and the use of target temperature
management were not recorded in the database.

Conclusion
Variations were present between the younger and older
OHCA patients. We found that bystander CPR and pre-
hospital defibrillation by AED were independent prog-
nostic factors for younger OHCA patients but not for
the older patients.
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