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Abstract
Background: The survival trend and factors influencing short- and mid-term mortality in Asian out-of-hospital cardiac arrest (OHCA) survivors

should be elucidated. We performed survival analyses on days 3 and 30, hypothesizing decreased survival rates within the initial 3 days post-

resuscitation. Additionally, variables linked to mortality at these two timepoints were examined.

Methods: We performed a retrospective analysis on adult nontraumatic OHCA survivors admitted to the National Taiwan University Hospital and its

branches between 2017 and 2021. We collected the following variables from the NTUH-Integrative Medical Database: basic characteristics, car-

diopulmonary resuscitation events, inotrope administration, and post-resuscitation management. The outcomes included 3- and 30-day mortality.

Subgroup analyses with the Kaplan–Meier method explored the survival probability of the OHCA survivors and assessed differences in cumulative

survival among subgroups. Cox proportional hazards model was used to estimate adjusted hazard ratios with 95% confidence interval.

Results: Of the 967 survivors, 273 (28.2%) and 604 (62.5%) died within 3 and 30 days, respectively. The 30-day survival curve after OHCA showed

an uneven decline, with the most significant decrease within the first 3 days of admission. Various risk factors influence mortality at 3- and 30-day

intervals. Although increased age, noncardiac etiology, and prolonged low-flow time increased mortality risks, bystander CPR, targeted temperature

management, and continuous renal replacement therapy were associated with reduced mortality at 3- and 30-day timeframes.

Conclusion: Survival declined in most OHCA survivors within 3 days post-resuscitation. The risk factors associated with mortality at 3- and 30-day

intervals varied in this population.

Keywords: Out-of-hospital cardiac arrest, Risk factor, Survival analysis, Outcome, Mortality
Introduction

As resuscitation knowledge and techniques advance, the rate of

return of spontaneous circulation (ROSC) in out-of-hospital cardiac

arrest (OHCA) has increased from 17% to 45%.1–4 However, the

overall survival rate at hospital discharge for OHCA remains low,

between 8% and 13%, both in the short- and long-term.1,4,5 The sur-

vival rates among OHCA survivors tend to decline rapidly, with most

deaths occurring within the first 24 to 72 h.5–7
The factors influencing survival are diverse. A previous study

identified that the key factors of 30-day survival in OHCA were wit-

nessed collapse, bystander cardiopulmonary resuscitation (CPR),

CPR duration, and cardiac etiology. The meta-analysis of Sasson

et al. showed higher survival rates in patients with witnessed col-

lapse and bystander CPR.8 Khan et al. found that cardiac-related

OHCA patients had double the survival-to-discharge rate compared

with noncardiac cases.9 Longer CPR durations were associated with

lower survival,10 and inotrope use in the intensive care unit (ICU) cor-

related with reduced in-hospital survival.11 The effects of targeted
ns.
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temperature management (TTM) on survival were inconsistent

across studies,12–14 although it seemed beneficial in patients on

extracorporeal membrane oxygenation (ECMO) for 28-day

survival.15

However, reports on the survival trend of OHCA survivors are

inconsistent, and the factors influencing outcomes vary. This study

addressed whether survival trends decline unevenly and whether

OHCA survivors exhibit different key factors between short-term

and mid-term mortality. To test the hypothesis of a rapid decline in

survival rates within the first 3 days, survival analyses were con-

ducted on days 3 and 30 post-resuscitation. Additionally, we investi-

gated factors associated with mortality at these timepoints.

Method

Study design and setting

This study was conducted at National Taiwan University Hospital

(NTUH), a tertiary medical center, and its two affiliated hospitals,

an urban secondary hospital (Hsin-chu branch) and a rural sec-

ondary hospital (Yun-lin branch). Patients suffering from OHCA were

transported to these hospitals by different regional EMS depart-

ments. The characteristics of the three hospitals and their respective

EMS systems are shown in Supplementary Table 1.

The study complied with the Strengthening the Reporting of

Observational Studies in Epidemiology (STROBE) guidelines. The

Institutional Review Board (IRB) of the NTUH provided ethical

approval for our study (Approval No. 202302076RINB).

Data on variables and outcomes were collected from the National

Taiwan University Hospital-Integrative Medical Database (NTUH-

iMD). This comprehensive database includes patient demographics,

diagnostic records, treatment histories, imaging and laboratory

results, prescription details, nursing care notes, and administrative

data. The team of specialized research staff of the NTUH-iMD

ensures stringent control and regulation of access and queries

regarding the database following IRB guidelines.

Study populations

We included OHCA survivors subsequently admitted to the ICUs of

the three hospitals between January 2016 and December 2021.
Fig. 1 – Flow chart of the eligible patient selection. ICU: in
We excluded patients < 18 years, those with OHCA due to trauma,

and individuals with data restrictions due to legal constraints.

Measures

The data collected for eligible OHCA survivors included basic demo-

graphic information and extensive medical histories, covering both

outpatient clinic visits and hospital admissions before the OHCA

event. The patients were classified into three age groups: young

adults (18–44 years), middle-aged individuals (45–64 years), and

seniors (�65 years). Data on pre- and in-hospital resuscitation

efforts included witnessed collapse, bystander CPR, presence of

any shockable rhythm, response time, low-flow time, and cardiac

rhythm post-ROSC. The response time was defined as time from

emergency call to EMS arrival. If the patient was sent to the hospital

by the family, the response time was defined as witnessed arrest to

hospital arrival. Low-flow time was the duration from EMS arrival to

ROSC/death, including both prehospital and in-hospital

resuscitation.

Post-resuscitation care variables were inotrope use, TTM,

ECMO, and continuous renal replacement therapy (CRRT). The cri-

teria for initiating TTM and CRRT in the three hospitals are listed in

Supplementary Tables 2 and 3. Inotrope use was specified as the

intravenous administration of norepinephrine, epinephrine, vaso-

pressin, dopamine, and dobutamine. Four independent emergency

physicians initially determined the origin of an OHCA event through

a thorough review of medical charts. A senior specialist resolved

any discrepancies from individual assessments in a consensus

meeting. This method aimed to maximize the accuracy of determin-

ing the OHCA etiology without autopsy data.
Outcomes

The primary outcome was defined as 30-day all-cause mortality,

which referred to all-cause death within 30 days from the cardiac

arrest. The secondary outcome was 3-day all-cause mortality from

the cardiac arrest.
Statistical analysis

A statistician conducted data collection, cleaning, and statistical anal-

ysis. Particularly, we compared the characteristics, resuscitation
tensive care unit; OHCA: out-of-hospital cardiac arrest.



Table 1 – Basic characteristics of OHCA patients in National Taiwan University Hospital and its affiliated
hospitals from 2016 to 2021.

3-day 30-day

Mortality Survival p Mortality Survival p

Variables (n = 273) (n = 694) (n = 604) (n = 363)

Males 186(68.6) 468(67.2) 0.677 403(66.7) 251(69.1) 0.435

Age 0.074 <0.001

<40 8(3.0) 39(5.6) 22(3.6) 25(6.9)

40-64 102(37.6) 290(41.7) 222(36.8) 170(46.8)

=65 161(59.4) 367(52.7) 360(59.6) 168(46.3)

Pre-existing comorbidities

Hypertension 108(39.9) 314(45.1) 0.138 266(44.0) 156(43.0) 0.747

Diabetes mellites 76(28.0) 196(28.2) 0.971 183(30.3) 89(24.5) 0.053

Coronary artery disease 54(19.9) 168(24.1) 0.162 122(20.2) 100(27.5) 0.009

Congestive heart failure 16(5.9) 62(8.9) 0.123 49(8.1) 29(8.0) 0.946

Mental illness 18(6.6) 32(4.6) 0.197 36(6.0) 14(3.9) 0.153

Chronic kidney disease 45(16.6) 112(16.1) 0.846 100(16.6) 57(15.7) 0.727

Cerebrovascular accident 30(11.1) 68(9.8) 0.547 73(12.1) 25(6.9) 0.009

Cancer 36(13.3) 86(12.4) 0.696 82(13.6) 40(11.0) 0.246

COPD 14(5.2) 27(3.9) 0.372 29(4.8) 12(3.3) 0.264

Liver cirrhosis 10(3.7) 11(1.6) 0.043 17(2.8) 4(1.1) 0.077

Seizure 4(1.5) 16(2.3) 0.419 14(2.3) 6(1.7) 0.482

Witnessed collapse 148(54.6) 467(67.1) <0.001 353(58.4) 262(72.2) <0.001

Bystander CPR 97(35.8) 341(49.0) <0.001 245(40.6) 193(53.2) <0.001

Non-shockable rhythm 247(91.1) 623(89.5) 0.448 559(92.5) 311(85.7) 0.001

Non-cardiac etiology 163(60.1) 318(45.7) <0.001 351(58.1) 130(35.8) <0.001

Response time(min) 5 [3,7] 4 [0, 6] 0.005 5 [2,7] 4 [0, 6] <0.001

Low-flow time(min) 32 [23, 45] 24 [14, 35] <0.001 30 [20, 42] 21 [10,31] <0.001

ROSC cardiac rhythm 0.884 0.775

ST-elevation 24(8.9) 56(8.0) 50(8.3) 30(8.3)

ST-depression 7(2.6) 16(2.3) 16(2.6) 7(1.9)

others 240(88.6) 624(89.7) 538(89.1) 326(89.8)

TTM 21(7.7) 260(37.4) <0.001 157(26.0) 124(34.2) 0.007

ECMO 53(19.6) 67(9.6) <0.001 88(14.6) 32(8.8) 0.009

CRRT 84(31.0) 150(21.6) 0.002 176(29.1) 58(16.0) <0.001

Inotropes use 252(93.0) 565(81.2) <0.001 543(89.9) 274(75.5) <0.001

Norepinephrine 180(66.4) 443(63.6) 0.419 409(67.7) 214(59.0) 0.006

Epinephrine 172(63.5) 191(27.4) <0.001 286(47.4) 77(21.2) <0.001

Vasopressin 134(49.4) 168(24.1) <0.001 246(40.7) 56(15.4) <0.001

Dopamine 163(60.1) 320(46.0) <0.001 340(56.3) 143(39.4) <0.001

Dobutamine 2(0.7) 24(3.4) 0.019 12(2.0) 14(3.9) 0.082

Inotropes =50% of ICU stays 445(73.7) 47(12.9) <0.001

Dichotomous and categorical variables were reported as number (percentages), whereas continuous variables were reported as median [Q1, Q3];

COPD: chronic obstruction pulmonary disease; CPR: cardiopulmonary resuscitation; CRRT: continuous renal replacement therapy; ECMO: extracorporeal

membrane oxygenation; ICU: intensive care unit; OHCA: out-of-hospital cardiac arrest; ROSC: return of spontaneous circulation; TTM: targeted temperature

management.
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events, and ICU treatment between the mortality and survival groups

on days 3 and 30. Dichotomous and categorical variables were pre-

sented as counts and percentages, respectively. The missing values

were imputed with the median values within the corresponding hospi-

tal. The chi-square test was used to examine statistical significance

between the categorical variables. Survival analyses were performed

with Kaplan–Meier (KM) plots on days 3 and 30 by using R (version

4.2.3) and associated packages (ggplot2, survivner, and survival).

In the subgroup analysis, we selected nine key factors associated

with OHCA outcomes based on the univariate analyses and assumed

clinical relevance (Supplementary figure 1): age,16 bystander CPR,17

initial shockable rhythms,18 presumed cardiac etiology,19 response

time, low-flow time,20 TTM, ECMO, and inotrope use. The response

time and low-flow time subgroups were categorized by the median
value of the population. The log-rank test was used for statistical com-

parison, and a two-sided p < 0.05 indicated statistical significance.

Before conducting the multivariable analysis, we selected

variables from the univariate analyses with a p-value < 0.1 from

the 3-day and 30-day mortality, respectively. In the Cox proportional

hazard regression analysis, variables were added to the model sep-

arately in a stepwise manner. The risk of mortality was calculated

and presented as the adjusted hazard ratio (aHR) with 95% confi-

dence interval (CI). To test collinearity between covariates, variance

inflation factor (VIF) was calculated. To address for potential con-

founding factors, we illustrated a directed acyclic graph (Supplemen-

tary Figure 1). The Cox regression analyses was performed by

SPSS version 26 (International Business Machines Corporation,

IBM).



Fig. 2 – Kaplan-Meier plot of the overall OHCA survivors in 3 days and 30 days.
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Results

Fig. 1 shows the patient selection flowchart. From 2016 to 2021,

1047 OHCA patients were admitted to the ICU. We excluded 25 non-

adult OHCA cases, 46 OHCA incidents related to trauma, and 9

cases with censored data. Consequently, 967 patients were eligible

for analysis. The survival rate was 71.8% (694 patients) 37.5% (363

patients) on days 3 and 30 post-admission, respectively.

Comparisons of baseline characteristics on days 3 and 30

Table 1 presents a comparison of baseline characteristics between

the mortality and survival groups on days 3 and 30 following admis-

sion. The survival rate at the 30th day was associated with different

age groups, but this association was not observed at the 3rd day.

Regarding preexisting comorbidities, liver cirrhosis was significantly

more prevalent among patients who died within 3 days (3.7% vs.

1.6%, p = 0.043). Conversely, coronary artery disease was less fre-

quent in patients who died by day 30 (20.2% vs. 27.5%, p = 0.009),

whereas cerebrovascular disease was more common in this group

(12.1% vs. 6.9%, p = 0.009).

In terms of resuscitation events, OHCA patients who died by days

3 and 30 had lower rates of witnessed collapse (3-day: 54.6% vs.

67.1%, p < 0.001; 30-day: 58.4% vs. 72.2%, p < 0.001) and bystan-

der CPR (3-day: 35.8% vs. 49.0%, p < 0.001; 30-day: 40.6% vs.

53.2%, p < 0.001). Additionally, those in the 30-day nonsurvivors

more often presented with initial nonshockable rhythms (92.5% vs.

85.7%, p < 0.001). Both days 3- and 30-day nonsurvivors had higher

proportion of noncardiac etiologies (3-day: 60.1% vs. 45.7%,

p < 0.001; 30-day: 58.1% vs. 35.8%, p < 0.001), longer response

time (3-day and 30-day: 5 mins vs. 4 mins, p < 0.001) and longer

low-flow time (3-day: 32 mins vs. 24 mins, p < 0.001; 30-day: 30 mins

vs. 21 mins, p < 0.001).

For postresuscitation care, the nonsurvivors had lower rates of

undergoing TTM (3-day: 7.7% vs. 37.4%, p < 0.001; 30-day:

26.0% vs. 34.2%, p = 0.007), but higher rates of ECMO (3-day:

19.6% vs. 9.6%, p < 0.001; 30-day: 14.6% vs. 8.8%, p = 0.009),
CRRT (3-day: 31.0% vs. 21.6%, p = 0.002; 30-day: 29.1% vs.

16.0%, p < 0.001), and inotrope use (3-day: 93.0% vs. 81.2%,

p < 0.001; 30-day: 89.9% vs. 75.5%, p < 0.001). The most commonly

used inotrope was norepinephrine, followed by epinephrine, vaso-

pressin, and dopamine. Considering the duration of inotrope use dur-

ing ICU stay, deceased OHCA patients had a higher rate of

prolonged inotrope use (>50% duration of ICU stay) at 30 days

(73.7% vs. 12.9%, p < 0.001).

Overall and subgroup survival analyses on days 3 and 30

Fig. 2 shows the overall 30-day survival probabilities over time.

Death commonly occurs more among post-OHCA patients within

the first 3 days, with a sharp decline during this initial period, which

gradually decreases thereafter. The figure inset provides a more

detailed view of the first 3 days post-admission.

Fig. 3 illustrates the unadjusted survival probabilities over the first

3 days post-admission, stratified by nine key factors. The observed

survival probabilities (indicating lower mortality) were higher in

patients who received bystander CPR, had a cardiac-related OHCA,

underwent shorter response time (<5 mins), shorter low-flow time

(<26 mins), received TTM, and were not subjected to ECMO or ino-

tropes. No significant variations in survival probabilities were noted

based on age or initial cardiac rhythm.

Fig. 4 shows the unadjusted survival probabilities stratified by the

same nine key factors, but over the initial 30 days postadmission.

The observed survival probabilities (suggesting lower mortality rates)

were higher in younger patients (<65 years), who had bystander

CPR, with an initial shockable rhythm, had cardiac-related OHCA,

had shorter response time (<5 mins), shorter low-flow time (<26

mins), received TTM, and were free from ECMO or inotropes.

Cox proportional hazard regression on 3- and 30-day

mortality

Fig. 5 displays the association between potential risk factors in 3-day

and 30-day mortality following OHCA, with confounders adjusted in

the Cox proportional hazard model. Fig. 5(a) shows that each



Fig. 3 – Unadjusted Kaplan-Meier survival curves for various subgroups of OHCA survivors over the first 3 days. (A)

Age group. (B) Bystander CPR. (C) Initial rhythm. (D) Cause of OHCA. (E) Response time. (F) Low-flow time. (G) TTM.

(H) ECMO. (I) Inotropes. CPR: cardiopulmonary resuscitation; ECMO: extracorporeal membrane oxygenation; OHCA:

out-of-hospital cardiac arrest; TTM: targeted temperature management.
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additional year of age increased the 3-day mortality risk by 2% (aHR,

1.02; 95% CI, 1.01–1.02, p = 0.001). Moreover, non-cardiac etiology

was associated with a 1.8-fold increased risk of 3-day mortality (aHR,

1.77; 95% CI, 1.33–2.34, p = 0.001). Each additional minute in the

low-flow time increased the 3-day mortality by 3% (aHR, 1.03; 95%

CI, 1.02–1.03, p < 0.001). The use inotropes was correlated with

2.1-fold (aHR, 2.06; 95% CI, 1.28–3.31; p = 0.003) higher risks of

3-day mortality. Conversely, witnessed collapse (aHR, 0.67; 95%

CI, 0.51–0.86, p = 0.002) and bystander CPR (aHR, 0.72; 95% CI,

0.55–0.94, p = 0.017) were associated with a 33% and 28% reduc-

tion in 3-day mortality risk, respectively. Receiving TTM was associ-

ated with an 83% reduction in mortality risk (aHR, 0.17; 95% CI,

0.11–0.27, p < 0.001).

Fig. 5(b) shows that male sex was an independent risk factor

for 30-day mortality (aHR, 1.23; 95% CI, 1.03–1.47; p = 0.022).

The 30-day mortality rate increased by 1% for each additional year
(aHR, 1.01; 95% CI, 1.01–1.02; p < 0.001), 1% and 2% for each

additional minute in the response time (aHR 1.01, 95% CI,

1.00–1.03, p = 0.01) and low-flow time (aHR 1.02, 95% CI,

1.01–1.02, p < 0.001). Non-cardiac arrest etiology were associated

with 44% (aHR, 1.44; 95% CI, 1.20–1.72; p < 0.001) increased

risk of 30-day mortality, respectively. Receiving bystander CPR

was linked to a 24% decrease in 30-day mortality (aHR, 0.76;

95% CI, 0.64–0.89; p < 0.001). Patients receiving TTM and CRRT

had lower risks of 30-day mortality (aHR, 0.57; 95% CI, 0.48–0.69;

p < 0.001; aHR, 0.76; 95% CI 0.63–0.91; p = 0.004, respectively).

Patients administered inotropes for > 50% of their ICU stay had

a > 6-fold increase in 30-day mortality risk (aHR, 6.43; 95% CI,

5.25–7.84; p < 0.001).

All VIFs for each covariate were less than 10, as shown in Sup-

plementary Table 4, indicating no significant collinearity between

covariates.



Fig. 4 – Unadjusted Kaplan-Meier survival curves for various subgroups of OHCA survivors in 30 days. (A) Age group.

(B) Bystander CPR. (C) Initial rhythm. (D) Cause of OHCA. (E) Response time. (F) Low-flow time. (G) TTM. (H) ECMO. (I)

Inotropes. *post-hoc analysis: age < 40 & age 40–64: p = 0.404; age 40–64 & age � 65: p = 0.007; age < 40 & age � 65:

p = 0.054. CPR: cardiopulmonary resuscitation; ECMO: extracorporeal membrane oxygenation; OHCA: out-of-

hospital cardiac arrest; TTM: targeted temperature management.
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Discussion

This study analyzed short- and mid-term survival trends during ICU

stay and identified key mortality factors in the Asian population.

Supporting our hypothesis, the 30-day survival curve depicted an

irregular decline over time, with the steepest drop occurring within

the first 3 days post-admission. For 3-day mortality, increased

age, noncardiac etiology, prolonged low-flow time, and inotrope

use correlated with higher mortality risks. By contrast, witnessed

collapse, bystander CPR, and TTM reduced mortality risk. For 30-

day mortality, increased age, male sex, noncardiac etiology, pro-

longed response time, low-flow time, and prolonged inotrope use

were linked to higher mortality risks. However, patients receiving

bystander CPR, TTM, and CRRT showed lower mortality risks.
These insights can guide intensivists in developing treatment strate-

gies and discussing prognosis with OHCA survivors within the crit-

ical 30-day period.

Witnessed collapse and bystander CPR were frequently identi-

fied as predictors of survival in OHCA across various studies. The

RACA (ROSC After Cardiac Arrest) score and UB-ROSC (Utstein-

based ROSC) score were both considered predictors of short-term

survival,21,22 which was consistent with our findings in the 3-day mor-

tality model. However, bystander CPR, unwitnessed collapse was

the sole predictor in our model predicting 30-day mortality. The

sequence of witnessed collapse followed by bystander CPR was

common, but not always reciprocal. A patient may collapse with

immediate bystander CPR or receive bystander CPR without a wit-

nessed collapse. The definitive role of bystander CPR as a prognos-



Fig. 5 – The cox proportional regressionmodels. (A) 3-day mortality. (B) 30-day mortality. aHR: adjusted hazard ratio;

CPR: cardiopulmonary resuscitation; ICU: intensive care unit.
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tic factor irrespective of witnessed collapse remains unclear and

should be investigated further.

Although initial cardiac rhythm has been established as a signif-

icant prognostic factor in many studies,23–25 our results indicated

no association with either 3- or 30-day mortality post-OHCA. This

may be due to the potential collinearity between initial rhythm and

OHCA etiology because shockable rhythms are often linked to car-

diac causes, such as coronary artery disease.26 Furthermore, CPR

duration is a strong risk factor for mortality at both 3- and 30-day

intervals, consistent with the findings by Jaeger et al., where

increased CPR duration, particularly in cases of nonshockable

rhythm, significantly lowered survival rates.10

TTM is a postcardiac arrest care strategies potentially beneficial

for OHCA survivors. In our study, more OHCA survivors who did not

receive TTM died within 3 and 30 days, which was not consistent

with the findings by Tay et al. who found no association of TTM with

30-day survival.14 The effectiveness of TTM in reducing mortality

across all OHCA survivors remains debatable and may vary based

on TTM protocols. Regarding ECMO, we found that OHCA survivors

who underwent ECMO following ROSC had a higher 3-day mortality

rate, however it was not significant after adjusted. This was consis-

tent with the findings by Mørk et al. who reported that OHCA patients

treated with ECMO had higher mortality, but their survival trend

eventually matched those who did not receive ECMO. They noted

that patients who underwent ECMO had longer CPR durations in

the emergency room than those who did not undergo ECMO.27 A

similar confounding effect was observed in the ARREST trial, which

showed a favorable outcome for extracorporeal CPR, with a time

from hospital arrival to ECMO initiation of 7 min. In contrast, the

INCEPTION trial, which had inconclusive results, reported a longer
duration of 16 min.28,29 The ideal timing for ECMO initiation following

EMS activation remains uncertain.

CRRT is commonly used to manage acute kidney injury or refrac-

tory lactic acidosis in the post-ROSC phase of OHCA patients. How-

ever, its impact on OHCA outcomes is debatable. A retrospective

study from Denmark indicated a link between CRRT usage and

increased 30-day mortality among all OHCA survivors.30 Conversely,

Ghoshal et al. observed no significant relationship between CRRT

and survival outcomes.31 In our study, CRRT was identified as a pro-

tective factor against 30-day mortality, offering a contrasting per-

spective to the existing literature and indicating the potential

benefits of CRRT in improving mid-term outcomes for OHCA

patients.

This study has several limitations. Firstly, the retrospective

design and the use of stepwise regression may obscure other

unidentified confounding associations, despite the use of a multivari-

able model. Second, the study’s multicenter approach involved only

hospitals within the NTUH healthcare system in Taiwan. This raises

questions regarding the applicability of our findings to populations

from different countries or ethnic backgrounds, as the generalizability

of the study beyond this specific healthcare setting was not evalu-

ated. Third, some variables that could be crucial in understanding

patient outcomes were not incorporated in our study, including

intra-arrest medication and laboratory data during post cardiac arrest

care. Finally, a selection bias could not be excluded. OHCA survivors

who received TTM were in better condition compared to those who

did not receive TTM. This positive effect of TTM on survival may orig-

inate from a selection bias, as the initiation of TTM partly depended

on the patient’s condition after ROSC. To address these limitations

and gain a more comprehensive understanding of OHCA outcomes,
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a well-designed prospective study including all relevant factors is

recommended for future research.

Conclusion

Most OHCA survivors died within the first 3 days post-admission to

the ICU. The overall probability of survival declined unevenly over

time. Additionally, the risk factors contributing to mortality at 3- and

30-day intervals varied. To strengthen our findings, further validation

of these key factors in a prospective cohort study across various hos-

pitals is essential.

Funding

This work was funded by the National Science and Technology

Council (grant number: 112-2314-B-002-324).

CRediT authorship contribution statement

Cheng-Yi Fan: Writing – original draft, Formal analysis. Edward

Pei-Chuan Huang: Validation, Methodology, Data curation. Yi-

Chien Kuo: Visualization, Formal analysis. Yun-Chang Chen: Data

curation. Wen Chu Chiang: Validation, Methodology, Investigation,

Data curation. Chien-Hua Huang:Writing – review & editing, Super-

vision. Chih-Wei Sung: Writing – review & editing, Conceptualiza-

tion. Wei-Tien Chang: Writing – review & editing, Methodology,

Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial

interests or personal relationships that could have appeared to influ-

ence the work reported in this paper.

Appendix A. Supplementary material

Supplementary data to this article can be found online at https://doi.

org/10.1016/j.resplu.2024.100747.

Author details

aDepartment of Emergency Medicine, National Taiwan University

Hospital Hsin-Chu Branch, Hsinchu, Taiwan bDepartment of Emer-

gency Medicine, National Taiwan University Hospital, Taipei,

Taiwan cDepartment of Emergency Medicine, College of Medicine,

National Taiwan University, Taipei, Taiwan dDepartment of Emer-

gency Medicine, National Taiwan University Hospital Yun-Lin

Branch, Yunlin, Taiwan
R E F E R E N C E S
1. Fan CY, Sung CW, Chen CY, et al. Updated trends in the outcomes

of out-of-hospital cardiac arrest from 2017–2021: Prior to and during
the coronavirus disease (COVID-19) pandemic. J Am Coll Emerg

Physicians Open 2023;4:e13070.

2. Gräsner JT, Wnent J, Herlitz J, et al. Survival after out-of-hospital

cardiac arrest in Europe - Results of the EuReCa TWO study.

Resuscitation 2020;148:218–26.

3. Lindner TW, Søreide E, Nilsen OB, et al. Good outcome in every

fourth resuscitation attempt is achievable–an Utstein

template report from the Stavanger region. Resuscitation

2011;82:1508–13.

4. Rajan S, Wissenberg M, Folke F, et al. Association of bystander

cardiopulmonary resuscitation and survival according to ambulance

response times after out-of-hospital cardiac arrest. Circulation

2016;134:2095–104.

5. Wang HE, Schmicker RH, Daya MR, et al. Effect of a strategy of

initial laryngeal tube insertion vs endotracheal intubation on 72-hour

survival in adults with out-of-hospital cardiac arrest: a randomized

clinical trial. Jama 2018;320:769–78.

6. Lupton JR, Schmicker RH, Stephens S, et al. Outcomes with the use

of bag-valve-mask ventilation during out-of-hospital cardiac arrest in

the pragmatic airway resuscitation trial. Acad Emerg Med

2020;27:366–74.

7. Anantharaman V, Ng BL, Ang SH, et al. Prompt use of mechanical

cardiopulmonary resuscitation in out-of-hospital cardiac arrest: the

MECCA study report. Singapore Med J 2017;58:424–31.

8. Sasson C, Rogers MA, Dahl J, et al. Predictors of survival from out-

of-hospital cardiac arrest: a systematic review and meta-analysis.

Circ Cardiovasc Qual Outcomes 2010;3:63–81.

9. Khan AJ, Jan Liao C, Kabir C, et al. Etiology and determinants

of in-hospital survival in patients resuscitated after out-of-hospital

cardiac arrest in an urban medical center. Am J Cardiol

2020;130:78–84.

10. Jaeger D, Lafrance M, Canon V, et al. Association between

cardiopulmonary resuscitation duration and survival after out-of-

hospital cardiac arrest according: a first nationwide study in France.

Intern Emerg Med 2023.

11. Tabi M, Burstein BJ, Ahmed A, et al. Shock severity and hospital

mortality in out of hospital cardiac arrest patients treated with

targeted temperature management. Shock 2021;55:48–54.

12. Elbadawi A, Sedhom R, Baig B, et al. Targeted hypothermia vs

targeted normothermia in survivors of cardiac arrest: a systematic

review and meta-analysis of randomized trials. Am J Med

2022;135:626–633.e624.

13. Fernando SM, Di Santo P, Sadeghirad B, et al. Targeted

temperature management following out-of-hospital cardiac arrest: a

systematic review and network meta-analysis of temperature targets.

Intensive Care Med 2021;47:1078–88.

14. Tay WJ, Li H, Ho AF, et al. Mortality and neurological outcomes in

out-of-hospital cardiac arrest patients with and without targeted

temperature management in a Multiethnic Asian population. Ann

Acad Med Singap 2020;49:127–36.

15. Bian W, Bian W, Li Y, et al. Hypothermia may reduce mortality and

improve neurologic outcomes in adult patients treated with VA-

ECMO: A systematic review and meta-analysis. Am J Emerg Med

2023;70:163–70.

16. Ishii M, Tsujita K, Seki T, et al. Sex- and age-based disparities in

public access defibrillation, bystander cardiopulmonary resuscitation,

and neurological outcome in cardiac arrest. JAMA Network Open

2023;6:e2321783.

17. Geri G, Fahrenbruch C, Meischke H, et al. Effects of bystander CPR

following out-of-hospital cardiac arrest on hospital costs and long-

term survival. Resuscitation 2017;115:129–34.

18. Havranek S, Fingrova Z, Rob D, et al. Initial rhythm and survival

in refractory out-of-hospital cardiac arrest. Post-hoc analysis of

the Prague OHCA randomized trial. Resuscitation

2022;181:289–96.

19. Lim SL, Smith K, Dyson K, et al. Incidence and outcomes of out-of-

hospital cardiac arrest in Singapore and Victoria: a collaborative

study. J Am Heart Assoc 2020;9:e015981.

https://doi.org/10.1016/j.resplu.2024.100747
https://doi.org/10.1016/j.resplu.2024.100747
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0005
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0005
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0005
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0005
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0010
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0010
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0010
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0015
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0015
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0015
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0015
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0020
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0020
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0020
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0020
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0025
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0025
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0025
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0025
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0030
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0030
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0030
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0030
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0035
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0035
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0035
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0040
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0040
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0040
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0045
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0045
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0045
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0045
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0050
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0050
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0050
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0050
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0055
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0055
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0055
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0060
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0060
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0060
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0060
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0065
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0065
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0065
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0065
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0070
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0070
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0070
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0070
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0075
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0075
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0075
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0075
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0080
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0080
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0080
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0080
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0085
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0085
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0085
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0090
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0090
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0090
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0090
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0095
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0095
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0095


R E S U S C I T A T I O N P L U S 1 9 ( 2 0 2 4 ) 1 0 0 7 4 7 9
20. Chai J, Fordyce CB, Guan M, et al. The association of duration of

resuscitation and long-term survival and functional outcomes after

out-of-hospital cardiac arrest. Resuscitation 2023;182:109654.

21. Gräsner JT, Meybohm P, Lefering R, et al. ROSC after cardiac

arrest–the RACA score to predict outcome after out-of-hospital

cardiac arrest. Eur Heart J 2011;32:1649–56.

22. Baldi E, Caputo ML, Savastano S, et al. An Utstein-based model

score to predict survival to hospital admission: The UB-ROSC score.

Int J Cardiol 2020;308:84–9.

23. Maupain C, Bougouin W, Lamhaut L, et al. The CAHP (Cardiac

Arrest Hospital Prognosis) score: a tool for risk stratification after out-

of-hospital cardiac arrest. Eur Heart J 2016;37:3222–8.

24. Liu N, Liu M, Chen X, et al. Development and validation of an

interpretable prehospital return of spontaneous circulation (P-ROSC)

score for patients with out-of-hospital cardiac arrest using machine

learning: A retrospective study. EClinicalMedicine 2022;48:101422.

25. Adrie C, Cariou A, Mourvillier B, et al. Predicting survival with good

neurological recovery at hospital admission after successful

resuscitation of out-of-hospital cardiac arrest: the OHCA score. Eur

Heart J 2006;27:2840–5.
26. Yannopoulos D, Bartos JA, Raveendran G, et al. Coronary artery

disease in patients with out-of-hospital refractory ventricular

fibrillation cardiac arrest. J Am Coll Cardiol 2017;70:1109–17.

27. Mørk SR, Bøtker MT, Christensen S, et al. Survival and neurological

outcome after out-of-hospital cardiac arrest treated with and without

mechanical circulatory support. Resuscitation plus 2022;10:100230.

28. Suverein MM, Delnoij TSR, Lorusso R, et al. Early extracorporeal

CPR for refractory out-of-hospital cardiac arrest. N Engl J Med

2023;388:299–309.

29. Yannopoulos D, Bartos J, Raveendran G, et al. Advanced

reperfusion strategies for patients with out-of-hospital cardiac arrest

and refractory ventricular fibrillation (ARREST): a phase 2, single

centre, open-label, randomised controlled trial. Lancet

2020;396:1807–16.

30. Winther-Jensen M, Kjaergaard J, Lassen JF, et al. Use of renal

replacement therapy after out-of-hospital cardiac arrest in Denmark

2005–2013. Scand Cardiovasc J 2018;52:238–43.

31. Ghoshal S, Yang V, Brodie D, et al. In-hospital survival and

neurological recovery among patients requiring renal replacement

therapy in post-cardiac arrest period. Kidney Int Rep 2019;4:674–8.

http://refhub.elsevier.com/S2666-5204(24)00198-X/h0100
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0100
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0100
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0105
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0105
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0105
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0110
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0110
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0110
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0115
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0115
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0115
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0120
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0120
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0120
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0120
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0125
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0125
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0125
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0125
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0130
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0130
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0130
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0135
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0135
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0135
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0140
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0140
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0140
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0145
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0145
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0145
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0145
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0145
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0150
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0150
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0150
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0155
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0155
http://refhub.elsevier.com/S2666-5204(24)00198-X/h0155

	The short- and mid-term mortality trends in out-of-hospital cardiac arrest survivors: insights from a �5-year multicenter retrospective study in Taiwan
	Introduction
	Method
	Study design and setting
	Study populations
	Measures
	Outcomes
	Statistical analysis

	Results
	Comparisons of baseline characteristics on days 3 and 30
	Overall and subgroup survival analyses on days 3 and 30
	Cox proportional hazard regression on 3- and 30-day mortality

	Discussion
	Conclusion
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Appendix A Supplementary material
	References


