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Abstract: Introduction: In patients with out-of-hospital cardiac arrest (OHCA) who receive advanced cardiac life support (ACLS)

for 20 minutes, the decision of whether to continue or terminate resuscitation at the scene is difficult and complicated.
This study aimed to develop and validate a simple and reliable clinical scoring system for identifying cardiopulmonary
resuscitation (CPR) failure at the scene after 20 minutes of ACLS. Methods: In this cross-sectional study we evaluated
the adults with nontraumatic OHCA who received ACLS for 20 minutes. The independent predictors of CPR failure
were identified using multivariate regression analysis and trying to develop a clinical decision rule. Receiver operating
characteristic (ROC) curve was used for evaluating the performance of the developed model. Results: 455 patients with
the mean age of 63.85 + 19.21 years were included (65.1% male). In most cases of OHCA, the cause of cardiac arrest was
respiratory (54.9%). The first cardiac rhythm recorded in 68.1% was asystole. 313 (68.79%) cases were affiliated to the
failed CPR group. The independent predictive factors of CPR failure based on multivariate analysis were the first cardiac
rhythm recorded (p < 0.001), unwitnessed cardiac arrest (p < 0.001), lack of pupillary response (p < 0.001), advanced
airway management at the scene (p <0.001), and administration of drugs at the scene during CPR, including amiodarone
(p =0.020) and atropine (p = 0.002). The area under the ROC curve of the model was 0.832 (95% confidence interval (CI):
0.793-0.870) with 70.0% sensitivity, 82.4% specificity, 89.8% positive predictive value, 55.5% negative predictive value,
3.97 positive likelihood ratio, and 0.36 negative likelihood ratio. Conclusion: Using data from routine care practices by
EMS personnel, we devised a simple clinical scoring system for predicting CPR failure at the scene of OHCA after 20

minutes of complete ACLS.
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1. Introduction

Out-of-hospital cardiac arrest (OHCA) is an emergency that
necessitates immediate management to resuscitate patients.
It is an important health issue and a global cause of mortal-
ity (1); the worldwide incidence is 50-60 per 100,000 popu-
lation (2). In the U.S., over 350,000 OHCA cases occur annu-
ally, mostly in adults and older adults (3). In Central America,
the incidence was reported to be 17-128 per 100,000, and in
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Asia 21-29 cases per 100,000 (4). The return of spontaneous
circulation (ROSC) rate in patients with OHCA at the Vajira
Emergency Medical Service was 25.6% (5). According to the
standard data reporting system of the Pan Asian Resuscita-
tion Outcomes Study, the rate of survival to discharge of pa-
tients with OHCA who were resuscitated by emergency med-
ical services (EMS) in Asian countries was 6% in Thailand (6).
Outcome differences after OHCA may stem from variations
in study settings, sample sizes, demographics, EMS manage-
ment, and potential hospital selection bias (7-8).

Cardiopulmonary resuscitation (CPR) has been applied since
1960 for resuscitating patients with acute cardiac arrest (6); as
a result of improvements in the technique, CPR has become
the standard global guideline for resuscitation by the Amer-
ican Heart Association (AHA) (9). According to one system-
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atic review and meta-analysis, prognostic factors for ROSC
after OHCA were the witnessing of OHCA by a bystander and
a shockable cardiac rhythm (10).

Predictors of favorable neurological outcomes in OHCA in-
clude younger age, male sex, shockable rhythm, witnessed
arrest, bystander CPR, and shorter time to cannulation (11).
In contrast, non-shockable rhythms (e.g., asystole), sepsis,
septic shock, and acidosis were linked to CPR failure and
higher mortality (12). Another study found that physicians
overestimated in-hospital cardiac arrest survival by up to
300% and ROSC rates by more than double the actual out-
comes (13). Most physicians avoided reporting ROSC predic-
tions or CPR failure due to insufficient data for accurate out-
come prediction (14).

In the past, several tools developed to assist physicians in
predicting CPR failure in hospitals have been used and ac-
cepted. The pre-arrest morbidity (PAM) score, developed by
George et al. (15), includes 15 variables, and the total possi-
ble score is 25. Each variable is scored as 0, 1, and 3. In pa-
tients with scores of =8, CPR is likely to fail, which reduces
the chance of survival to discharge; the area under the re-
ceiver operating characteristic (ROC) curve (AuROC) is 0.519
(16). A second tool, the prognosis after resuscitation (PAR)
score, developed by Ebell on the basis of a meta-analysis (16),
includes 7 variables, each scored from -2 to 10. The higher
the score, the higher the chance that the patient will not sur-
vive to discharge, especially after cardiac arrest in patients
with scores of >8; the AuROC was 0.564 (16). A third tool, the
modified PAM index (MPI), was an update of the PAM score
(17) according to a retrospective observational study of sur-
vival after cardiac arrest; it includes 32 variables.

All three CPR failure prediction tools were developed for in-
hospital cardiac arrest (IHCA) and are not suited for the dis-
tinct context of OHCA (18). The 2020 American Heart Asso-
ciation (AHA) guidelines recommend termination of resusci-
tation (TOR) based on two levels: In basic life support, TOR
is allowed if the arrest wasn't witnessed by EMS, no ROSC oc-
curred, and no shocks were given. In advanced life support,
TOR applies if the arrest wasn’t witnessed, no bystander CPR
was provided, no ROSC followed 20 minutes of ACLS, and
no automated external defibrillator (AED) shocks were deliv-
ered. If these criteria aren’'t met, the patient must be resusci-
tated and transported (9). One meta-analysis demonstrated
that the TOR decision had high specificity (96%) for predict-
ing death within 30 days (19) and another study showed its
99%-100% positive predictive value in this regard (20). In
developing countries like Thailand, where emergency physi-
cians are often absent at OHCA scenes, TOR is debatable (21).
This study developed and validated a clinical scoring system
to help EMS personnel decide on TOR after 20 minutes of
complete ACLS in adult nontraumatic OHCA cases in devel-
oping countries.

2. Methods
2.1. Study design and setting

This retrospective, cross-sectional study was conducted in
Vajira Emergency Medical Service (V-EMS), a division of Va-
jira Hospital, Faculty of Medicine Vajira Hospital, Navamin-
dradhiraj University, Bangkok, Thailand. The independent
predictors of CPR failure after 20 minutes of ACLS in adult
non-traumatic patients were identified using multivariate re-
gression analysis, and an attempt was made to develop a clin-
ical decision rule for OHCA cases.

We used a standard data reporting format in accordance with
the Standards for the Reporting of Observational Studies in
Epidemiology (STROBE) statement (22). This study was con-
ducted in accordance with the tenets of the 1975 Declaration
of Helsinki and its revisions in 2000. The study protocol was
approved by the Institutional Review Board of the Faculty of
Medicine Vajira Hospital, Navamindradhiraj University (COA
no. 036/2568) and The Human Research Ethics Committee
of the Faculty of Medicine, Thammasat University, Bangkok
(COA no. 054/2568). The requirement for informed consent
was waived because of the retrospective nature of the study
and the anonymization of all patient data.

V-EMS serves zone area 1 in Bangkok, dispatching EMS per-
sonnel from Erawan Center and networking with a total of six
public and private hospitals in this area, which covers 50 km2
and serves a population of 500,000 (21). For patients with
OHCA in this area, one team is dispatched for each emer-
gency; the team includes at least three staff members who are
paramedics or emergency nurse practitioners, one of whom
serves as an operation team leader, and others serve as emer-
gency medical technicians. In each emergency, paramedics
or emergency nurse practitioners follow offline and online
medical protocols, under emergency physicians’ orders. In
cases of cardiac arrest in our area, the 2020 AHA guidelines
are applied by the paramedics or emergency nurse practi-
tioners. Everyone in the V-EMS has passed ACLS training and
is certified as an ACLS provider. Patients with nontraumatic
OHCA are managed with the “stay and play” method of com-
prehensive life support according to V-EMS; in cases of trau-
matic OHCA, the “scoop and run” method, which is the stan-
dard method for V-EMS operation, is used.

2.2. Participants

The data of OHCA in non-traumatic adults (> 18 years)
cases, who received ACLS for 20 minutes according to CPR
guidelines (9), were collected from EMS patient care reports
that were coded according to Thailand’s emergency medical
triage protocol and criteria-based dispatch (code 6, which
represents cardiac arrest). The patients were managed by
V-EMS, Vajira Hospital, Faculty of Medicine Vajira Hospital,
Navamindradhiraj University, Bangkok, Thailand, between
January 1, 2017, and December 31, 2024.

Patients in whom ROSC occurred within 20 minutes; patients
who were considered dead by a team leader according to
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the presence of livor mortis, rigor mortis, or other signs; pa-
tients who refused CPR; those with do-not-resuscitate orders;
those who received CPR for an unknown duration from the
EMS team or a bystander; those with repeated cardiac arrest;
those who received CPR during transport to a hospital; and
those for whom resuscitation data were incomplete or miss-
ing were excluded.

2.3. Data gathering

Each patient’s data was collected from the EMS patient care
report, a standard form for data recording by dispatchers and
paramedics or emergency nurse practitioners at the scene.
These data included identities of EMS operation units and
patients and all treatments administered by the EMS teams.
All data were recorded in Microsoft Excel by the principal in-
vestigator (TH). The data comprised sex, age, comorbidity,
location type (divided into public, which was cardiac arrest
at a public place, such as park, temple, or school, and non-
public, including house or condominium, etc.), the cause
of cardiac arrest, the first cardiac rhythm recorded, whether
the cardiac arrest was witnessed, the patient’s pupillary re-
sponse, whether a bystander performed CPR or used an AED,
how soon the EMS team responded, defibrillation by EMS
personnel at the scene, advanced airway management at the
scene, drugs administered at the scene during CPR, and CPR
failure. TH was responsible for data gathering.

2.4. Statistical analysis

To determine sample size in this study, we utilized the “pm-
sampsize” command of Stata, release 17.0 (StataCorp LLC,
College Station, TX, USA), which calculates the minimum
sample size required for developing a multivariable predic-
tion model. We determined the C-statistic of 0.8 for an equa-
tion created to predict CPR failure. The R2 calculated from
the equation was 0.2611. The calculated sample size was at
least 409. To prevent data incompleteness, we added 10% to
this number, using the formula n = 409/(1-0.10); the result-
ing sample size was 455. We used simple random sampling
to select patients.

We performed a descriptive analysis to examine variable dis-
tribution. Data for continuous variables were calculated as
means + standard deviations or as medians and interquartile
ranges (IQRs), and data for categorical variables were calcu-
lated as frequencies and proportions. When we compared
patients in whom CPR failed with those in whom it was suc-
cessful, we evaluated differences by using the independent-
samples t-test or the Mann-Whitney U test for numeric vari-
ables and the chi-square test or Fisher’s exact test for categor-
ical variables. To evaluate factors predictive of CPR failure at
the scene after 20 minutes of complete ACLS for OHCA, we
performed univariable and multivariable analyses with mul-
tiple logistic regression analysis, determining regression co-
efficients, odds ratios (ORs), and 95% confidence intervals
(CIs), through backward elimination. The relevant factors
identified in univariable analysis as statistically significant
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(p < 0.2) were used in the multivariable analysis. Then we
used the Wald test to eliminate non-associated independent
variables one by one. We calculated R2, performed the Hos-
mer-Lemeshow goodness-of-fit test, and determined the Au-
ROC and the 95% CI. After that, we used the regression coef-
ficient to create the equation to predict CPR failure.

For internal validation of this equation, we used ROC analy-
sis, reported with AuROC, and we chose the cutoff score by
using the Youden index, with sensitivity, specificity, the posi-
tive predictive value, the negative predictive value, the pos-
itive likelihood ratio, the negative likelihood ratio, and the
95% CI. We used bootstrap methods to calibrate the risk score
to predict CPR failure at the scene after 20 minutes of com-
plete ACLS for OHCA. Results of all statistical tests were con-
sidered statistically significant when the p value was <0.05.
Stata release 17.0 was used for all analyses.

3. Results

3.1. Baseline characteristics of studied patients

455 patients with the mean age of 63.85 + 19.21 years met the
inclusion criteria (65.1% male; Figure 1). 313 (68.79%) cases
were affiliated to the failed CPR group. Most patients had at
least 65 years of age (52.1%) and had comorbidities (56.9%),
which included hypertension, diabetes, coronary heart dis-
ease heart disease, dyslipidemia, renal disease, cancer, respi-
ratory disease, and stroke (Table 1). Cardiac arrest occurred
mostly in nonpublic sites (69.7%). In most cases of OHCA,
the cause of cardiac arrest was respiratory (54.9%). The first
cardiac rhythm recorded in 68.1% was asystole. The car-
diac arrest was witnessed in 40.9% of the patients, and pupil-
lary responses were detected in 11.6%. CPR was performed
by bystanders in 47% of cases, and bystanders used an AED
in 9.5%, as the rhythm found to be non-shockable in most
cases. The mean time for EMS to respond to emergency calls
was 12.69 + 6.55 minutes; most such response times were at
least 8 minutes. Defibrillation was performed at the scene in
19.3% of the cases, but most patients underwent advanced
airway management at the scene with an endotracheal tube
(85.3%). The drugs used during CPR at the scene included
adrenaline (89.7%), sodium bicarbonate, amiodarone, cal-
cium gluconate, glucose, and atropine (Table 1).

3.2. Associated factors of CPR failure (Univari-
ate analysis)

To evaluate factors associated with CPR failure at the scene
after 20 minutes of complete ACLS, we performed univari-
able analysis with simple logistic regression analysis. The fol-
lowing factors were significantly associated with CPR failure
in the aforementioned scenario (Table 1): age =65 years (p
=0.009), presence of respiratory disease (p = 0.043), a respi-
ratory cause of cardiac arrest (p = 0.015), asystole as the first
cardiac rhythm recorded (p < 0.001), unwitnessed cardiac ar-
rest (p < 0.001), lack of pupillary response (p < 0.001), CPR
performed by a bystander (p < 0.001), AED application by a
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bystander (p < 0.001), defibrillation by EMS personnel at the
scene (p <0.001), advanced airway management at the scene
(p < 0.001), and administration of drugs at the scene during
CPR, such as adrenaline (p = 0.001), amiodarone (p < 0.001),
and atropine (p = 0.001).

3.3. Associated factors of CPR failure (Multi-
variate analysis)

According to the multivariable analysis, the independent
predictive factors of CPR failure for non-traumatic OHCA
cases were asystole as the first cardiac rhythm recorded (p <
0.001), unwitnessed cardiac arrest (p < 0.001), lack of pupil-
lary response (p < 0.001), advanced airway management at
the scene (p < 0.001), and administration of drugs at the
scene during CPR, including amiodarone (p = 0.020) and at-
ropine (p = 0.002; Table 2).

The equation for predicting CPR failure was suitable accord-
ing to the Hosmer-Lemeshow test (X2 = 5.83; df = 6; p =
0.442). In addition, the variables used in the analysis had no
multicollinearity, and R2 = 0.2725; thus, sixindependent vari-
ables in the model—the first cardiac rhythm recorded, wit-
nessed cardiac arrest, pupillary response, advanced airway
management at the scene, and two drugs (amiodarone and
atropine) administered at the scene during CPR—could ex-
plain the 27.25% variation in the prediction of CPR failure. In
the format of logit transformation, in which logit P(X) = b0
+ b1X1 + b2X2 + b3X3 +...
could be written as follows:
Logit P(CPR failure at the scene after 20 minutes of complete
ACLS) = -5.319 + 1.544X1 + 0.710X2 + 1.255X3 + 1.439X4 +
1.994X5 + 0.878X6 + 2.221X7

in which -5.319 is the constant; X1 represents asystole as the

+ bnXn, the predictive equation

first cardiac rhythm recorded; X2 represents ventricular fib-
rillation as the first cardiac rhythm recorded; X3 represents
no witnessed arrest; X4 represents no pupillary response; X5
represents no advanced airway management at the scene; X6
represents no amiodarone; and X7 represents no atropine.

3.4. Model performance

To analyze the predictability of CPR failure at the scene, we
performed ROC analysis and calculated the AuROC. The re-
gression equation could predict CPR failure statistically sig-
nificantly with an AuROC of 0.834 (95% CI: 0.795-0.872; Fig-
ure 2a.). In addition, to simplify the equation for applica-
tion, the authors conducted score transformation, utilizing
the logistic regression coefficient. The scoring criteria for
each variable were determined (Table 2). The score from the
calculation of this equation was designated the clinical score
in the prediction of CPR failure. The study population had a
mean risk score of 8.69 + 2.24 (range: 1-13), and this score
was classified according to CPR failure. Patients with and
without CPR failure had average clinical scores of 9.51 + 1.82
and 6.89 + 1.99, respectively, which differed significantly (p <
0.001).

In validating the clinical score in predicting CPR failure,

we found that this score had an AuROC of 0.832 (95% CI:
0.793-0.870; Figure 2a). Postestimation ROC analysis re-
vealed that the AuROC was 0.847 (95% CI: 0.850-0.916; Figure
2b).

To classify patients in terms of CPR failure, we used the
Youden index to choose a score cutoff point. A clinical score
of atleast 9 indicated high risk for CPR failure at the scene af-
ter 20 minutes of complete ACLS for OHCA; it has 70.0% sen-
sitivity, 82.4% specificity, a positive predictive value of 89.8%,
a negative predictive value of 55.5%, a positive likelihood ra-
tio 0f3.97, and a negative likelihood ratio of 0.36 (Table 3). We
constructed a calibration plot between the score-predicted
probability of CPR failure and the CPR failure observed in
the aforementioned scenario (Figure 3a). The distribution
of the clinical prediction score of CPR failure is illustrated in
Figure 3b. Results of risk curve analysis—observed risk and
predicted risk of CPR failure at the scene after 20 minutes of
complete ACLS—are depicted in Figure 4.

4, Discussion

The developed prediction score in this study showed an area
under the ROC curve of 0.832, with 70.0% sensitivity and
82.4% specificity, indicating high accuracy in predicting CPR
failure at the scene after 20 minutes of complete ACLS. In
Thailand, which is a middle-income country, 68.79% of the
patients were resuscitated by the EMS team. In 2000, the Na-
tional Association of EMS Physicians recommended that CPR
be performed for at least 20 minutes, which would be con-
sidered a sufficient attempt at ACLS (23). A previous report
revealed that of the patients with IHCA and non-shockable
rhythm, especially asystole, after CPR for more than 20 min-
utes, fewer than 1% survived, and none had favorable neu-
rological outcomes at discharge (24). Since then, 20 minutes
has remained the recommended criterion when CPR termi-
nation is considered (9,25) and is compatible with recom-
mendations by the European Resuscitation Council in 2015
(26) and 2021 (27).

Ethical recommendations are that CPR duration not exceed
20 minutes in cases of non-shockable rhythm and absence
of ROSC after ACLS by the EMS team. However, prolonged
CPR might be beneficial in cases of refractory cardiac ar-
rest. Although the amount of empirical evidence for 20 min-
utes is limited, the appropriate duration for CPR termina-
tion is debatable. In addition, maximal CPR duration cannot
be clearly determined because in the clinical context, many
factors should be considered; however, CPR duration that is
shorter (because the patient responded) probably leads to
better results in terms of both ROSC and favorable neurolog-
ical outcomes than does a longer CPR duration (9).

Second, we found five factors that were predictive of CPR fail-
ure at the scene after 20 minutes of complete CPR:

1. Asystole as the first cardiac thythm recorded at the scene.
Asystole is a non-shockable heart rhythm without the role
of AED application. We found that in patients with asystole,
the chance of CPR failure was 4.68 times that for patients in
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whom the first cardiac rhythm recorded was pulseless elec-
trical activity. This finding was consistent with those of pre-
vious studies, in which the chances of CPR failure in patients
with asystole were 1.63 (28), 7.83 (12), and 10.31 (29) times
higher than in those with other cardiac rhythms. Therefore,
patients who's first recorded cardiac rhythm was asystole had
a low survival rate, and the chance of CPR failure was signif-
icantly high (29). AHA recommendations regarding basic life
support, ALS, and TOR are that no AED shocks be delivered
in cases of asystole, which can influence the decision to ter-
minate CPR without transport to a hospital (9).

2. No witnesses for cardiac arrest. We found that in patients
with OHCA who received CPR for 20 minutes, CPR failure was
3.51 times more likely when cardiac arrest was unwitnessed
than when it was witnessed. This finding was consistent with
those of a retrospective single-center cohort study, in which
ROSC was 4.91 times more likely to occur in patients with
witnessed OHCA than in those with unwitnessed OHCA. Fur-
thermore, in patients with unwitnessed cardiac arrest, the
chances of unfavorable neurological outcomes were signifi-
cantly higher (29) and, according to a large systematic review
and meta-analysis, rates of survival with favorable functional
outcomes were lower than in those with witnessed cardiac ar-
rest (11). Consequently, unwitnessed cardiac arrest was one
of the variables in the AHA's recommendations for CPR ter-
mination without transport to a hospital (9).

3. No pupillary response. We found that among patients with
OHCA, CPR for 20 minutes was 4.22 times more likely to fail
in those who exhibited no pupillary response than in those
with a pupillary response. We found that nonreactive pupils
were one of the clinical indicators that could be used in the
assessment of central nervous system function in patients re-
suscitated from cardiac arrest. Many previous studies about
the association between nonreactive pupils and CPR out-
comes have shown that nonreactive pupils during CPR were
associated with CPR failure and reduced rates of survival to
discharge (30,31). According to the 2021 guidelines of the
European Resuscitation Council and the European Society
of Intensive Care Medicine, continuously nonreactive pupils
during CPR and after resuscitation might be associated with
significantly increased rates of mortality (32).

4. No advanced airway management at the scene. We found
that in patients with OHCA who received only bag-valve-
mask ventilation but not advanced airway management at
the scene, CPR was 7.34 times more likely to fail after 20
minutes than in those who received endotracheal intuba-
tion. This finding was consistent with those of a systematic
review and meta-analysis in which the application of bag-
valve-mask ventilation yielded worse outcomes than did en-
dotracheal intubation in terms of ROSC (24% vs. 48%, respec-
tively; relative risk [RR] = 0.86), the rate of survival to hospi-
tal admission (21% vs. 27%; RR = 1.037), and the rate of sur-
vival to discharge (6% vs. 12%; RR = 1.476) (33). This find-
ing, however, conflicted with that of a retrospective study in-
volving a large Thailand database (Information Technology
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of EMS [ITEMS)) in which the National Institute for Emer-
gency Medicine reported no significant difference between
application of bag-valve-mask ventilation and endotracheal
intubation in terms of ROSC and minimally higher rates of
ROSC with the former than with the latter (19.63% vs. 15.56%;
p = 0.148). According to that study, patients who received
bag-valve-mask ventilation had less severe symptoms, and
most were immediately transported to hospitals for faster
treatment, than did those who received endotracheal intu-
bation (34). However, bag-valve-mask ventilation in the case
of OHCA might not prevent aspiration and may have a higher
risk of inadequate ventilation (35).

5. No administration of drugs (e.g., amiodarone and at-
ropine) at the scene during CPR. A possible explanation
for these findings was that standard AHA guidelines recom-
mended that antiarrhythmic drugs, including amiodarone or
lidocaine, be used for sustained ventricular fibrillation and
pulseless ventricular tachycardia that were refractory to CPR
and defibrillation; such drugs help improve ROSC outcomes
in patients with cardiac arrest (9,36). In patients with OHCA
who did not receive amiodarone, cardiac rhythms may have
been considered viable through CPR and defibrillation; as a
result, rates of CPR failure at the scene may have been higher
in those patients than in patients whose cardiac rhythms
were refractory to CPR and defibrillation (37). A systematic
review and meta-analysis revealed that in comparison with
placebo, amiodarone usage increased the chances of ROSC
at the scene (ORs = 1.402, p = 0.015) but did not increase
survival to discharge (relative risk = 0.850, p = 0.284) or im-
prove neurological outcomes (ORs = 1.114, p = 0.475) (38).
In patients who did not receive atropine, CPR failed after 20
minutes 9.22 times more often than in those who received
atropine, which could be explained by the review of EMS pa-
tient care reports. Of the patients with OHCA, 3.1% received
atropine before and during CPR for unstable bradycardia,
and some received atropine for organophosphate poison-
ing. Administering atropine during CPR used to be an ACLS
guideline in the treatment of cardiac arrest with asystole and
pulseless electrical activity (39). However, the AHA has re-
moved atropine from the standard guidelines because of no
clear evidence that atropine application helps improve ROSC
outcomes and survival to discharge in patients with cardiac
arrest, except for those who had symptomatic bradycardia
earlier or had suffered organophosphate or carbamate poi-
soning (9,39).

Last, we developed a simple clinical scoring system for pre-
dicting CPR failure. This system can enable EMS person-
nel, such as emergency physicians, paramedics, and emer-
gency nurse practitioners, to identify such predictors in pa-
tients with OHCA, as well as to inform the patients’ relatives
of the prognosis in the emergency situation. The total score
ranges from 0 to 14, the scoring system is easy and conve-
nient to remember, and it can be applied at the scene in real
clinical situations. A score of at least 9 can identify patients
at high risk for CPR failure; it has an AuROC of 0.832, which
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is excellent and is supported by clinical research (40,41) with
70.0% sensitivity, 82.4% specificity, a positive predictive value
of 89.8%, a negative predictive value of 55.5%, a positive like-
lihood ratio of 3.97, and a negative likelihood ratio of 0.36.
To our knowledge, three other tools for predicting immedi-
ate CPR failure—PAM (15), PAR (16), and MPI (17)—are avail-
able, but they are designed for patients with IHCA and not
OHCA; therefore, they are not useful after intervention and
complete ACLS by EMS teams, as in our study. These tools
are thus not suitable for predicting CPR failure at the scene
in patients with OHCA, and they cannot be applied to pre-
dict survival to discharge failure. Data for variables such as
malignancy stage and the diagnosis of S-T elevation myocar-
dial infarction cannot be collected from at the scene because
they can be diagnosed only in hospitals. In addition, in the
original studies, PAM scores of >8 and PAR scores of >7 had
AuROCs of 0.52 (15) and 0.56 (16), respectively, which have
not been classified in clinical research (40,41). The MPI was
developed from the PAM score (17), and it was used in two
studies to predict CPR failure in cases of IHCA; however, MPI
scores of =5 had a mean AuROC of 0.63 (range: 0.52-0.73)
(42), and MPI scores of >6 had a mean AuROC of 0.61 (range:
0.59-0.64) (43), which were poor and not useful alone for
classification in clinical research (40,41).

In a previous study, the ALS-TOR rule recommended by the
AHA, used to predict long-term outcomes such as survival to
discharge, had 27.2% sensitivity, 100.0% specificity, a nega-
tive predictive value of 7.9%, and a positive predictive value
of 100.0% (44); the predictability of unfavorable neurological
outcomes had 27.3% sensitivity, 100.0% specificity, a nega-
tive predictive value of 2.7%, and a positive predictive value
of 100.0% (45). We believe that even if the ALS-TOR rule is
easy to apply, much important data (e.g., for advanced in-
tervention) would be missing in the context of management
by the EMS team in specific situations, including manage-
ment of patients with OHCA. Adherence to the ALS-TOR rule
will increase the efficiency and accuracy of predicting CPR
failure at the scene in patients with OHCA. We believe the
newly developed clinical prediction score will substantially
increase advantages in the situation where completed ACLS
is performed for 20 minutes by EMS team. This clinical pre-
diction score will help enhance additional decisions from the
rule of ALS-TOR.

5. Limitations

This study had several important limitations. First, it was a
retrospective cross-sectional study involving data from a sin-
gle center that provides comprehensive life support in the
Bangkok area of Thailand. Therefore, the study results may
not be generalizable to other areas; the external validity of
the clinical scoring system needs to be further investigated.
Second, the data were collected retrospectively from 2017 to
2024. During this period, one new treatment guideline was
developed in 2015 and another was changed by the AHA in
2020. The nature of the data may have been influenced by

these differences in the recommendations of the AHA. Third,
we studied only the short-term outcomes (CPR success or
failure at the scene). The score’s ability to predict the long-
term outcomes, such as survival to hospital discharge and
neurological function, must be assessed. Fourth, the stud-
ied outcomes may have been confounded by other unknown,
unmeasured factors. All data were from the retrospective re-
view of EMS patient care reports. Although we tried to main-
tain neutrality, selection bias may have occurred. Fifth, the
EMS patient care report used for recording the data of pa-
tients with OHCA in the studied areas did not reflect the stan-
dard record and collection of the Utstein OHCA template.
Lastly, only one system of EMS in Bangkok, Thailand was in-
cluded in this study. Although the internal validation of the
score will be adequately efficient, the external validation of
the clinical prediction score is substantially required for the
generalizability to the EMS of other regions.

6. Conclusions

Using data from routine care practices by EMS personnel, we
devised a simple clinical scoring system for predicting CPR
failure at the scene of OHCA after 20 minutes of CPR. A score
of =9 has an acceptable AuROC of 0.832 with 70.0% sensi-
tivity and 82.4% specificity. This scoring system might help
emergency medical personnel at the scene in predicting the
usefulness of CPR for OHCA.
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eI Comparing the baseline characteristics of studied patients between those with and without cardiopulmonary resuscitation (CPR)
failure after 20 minutes of complete advanced cardiac life support (N = 455)

Factors Total CPR Failure P

Yes (n=313) No (n=142)
Sex
Male 296 199 (63.6) 97 (68.3) 0.327
Female 159 114 (36.4) 45 (31.7)
Age (years)
Mean + SD 63.85+19.21 65.19 + 18.41 60.90 + 20.64 0.027t
<65 218 137 (43.8) 81 (57.0) 0.009
=65 237 176 (56.2) 61 (43.0)
Comorbidity 259 170 (54.3) 89 (62.7) 0.095
Hypertension 165 108 (34.5) 57 (40.1) 0.247
Diabetes mellitus 146 102 (32.6) 44 (31.0) 0.734
Coronary heart disease 70 45 (14.4) 25 (17.6) 0.376
Dyslipidemia 42 24 7.7) 18 (12.7) 0.087
Renal diseases 34 22 (7.0) 12 (8.5) 0.593
Cancer 29 22 (7.0) 7 (4.9) 0.396
Respiratory disease 18 17 (5.4) 1 0.7) 0.017
Stroke 5 4 (1.3) 1 0.7) 1.000§
Other 45 26 8.3) 19 (13.4) 0.093
Total 259 170 (54.3) 89 (62.7) 0.095
Type of scene
Nonpublic 317 223 (71.2) 94 (66.2) 0.278
Public 138 90 (28.8) 48 (33.8)
Cause of cardiac arrest
Respiratory 250 184 (58.8) 66 (46.5) 0.040
Cardiac 118 72 (23.0) 46 (32.4)
Other 87 57 (18.2) 30 (21.1)
First cardiac rhythm recorded
Asystole 310 250 (79.9) 60 (42.3) <0.001
Ventricular fibrillation 80 35 (11.2) 45 (31.7)
Pulseless electrical activity 64 28 (8.9) 37 (26.1)
Witnessed cardiac arrest
No 269 224 (71.6) 45 (31.7) <0.001
Yes 186 89 (28.4) 97 (68.3)
Pupillary response
No 402 298 (95.2) 104 (73.2) <0.001
Yes 53 15 (4.8) 38 (26.8)
CPR performed by bystander
No 241 186 (59.4) 55 (38.7) <0.001
Yes 214 127 (40.6) 87 (61.3)
AED application by bystander
No 412 294 (93.9) 118 (83.1) <0.001
Yes 43 19 (6.1) 24 (16.9)
EMS personnel to respond (minute)
Mean + SD 12.69 £ 6.55 13.21 £ 6.85 11.52 £5.69 0.006t
<8 97 66 (21.1) 31 (21.8) 0.857
=8 358 247 (78.9) 111 (78.2)
Defibrillation at scene
No 367 275 (87.9) 92 (64.8) <0.001
Yes 88 38 (12.1) 50 (35.2)
Advanced airway management at scene
No 64 59 (18.8) 5 (3.5) <0.001§
Endotracheal tube 388 252 (80.5) 136 (95.8)
Laryngeal mask airway 3 2 (0.6) 1 0.7)
Drugs administered at scene during CPR
Adrenaline 408 270 (86.3) 138 97.2) <0.001
Sodium bicarbonate 122 79 (25.2) 43 (30.3) 0.261
Amiodarone 56 21 (6.7) 35 (24.6) <0.001
Calcium gluconate 52 32 (10.2) 20 (14.1) 0.230
Glucose 31 21 (6.7) 10 (7.0) 0.896
Atropine 14 3 (1.0) 11 (7.7) <0.001§

Data are presented as numbers (percentages) or means + standard deviations (SD). The p value corresponds to an independent-samples
t test except where otherwise noted. tChi-square test. §Fisher’s exact test. AED: automated external defibrillator; EMS: Emergency
Medical Services.
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P Independent predictors of cardiopulmonary resuscitation (CPR) failure at the scene after 20 minutes of complete advance cardiac
life support (ACLS) in patients with nontraumatic out-of-hospital cardiac arrest based on multivariable analyses (N = 455)

Predictors AOR (95% CI) P RC Score
First cardiac rhythm recorded

Asystole 4.68 (2.48-8.86) <0.001 1.544 2
Ventricular fibrillation 2.03 (0.90-4.61) 0.089 0.710 1
Pulseless electrical activity 1.00 Reference 0.000 0
Witnessed cardiac arrest

No 3.51 (2.14-5.76) <0.001 1.255 2
Yes 1.00 Reference 0.000 0
Pupillary response

No 4.22 (1.95-9.10) <0.001 1.439 2
Yes 1.00 Reference 0.000 0
Advanced airway management at scene

No 7.34 2.47-21.82) <0.001 1.994 3
Yes 1.00 Reference 0.000 0
Drugs administered at scene during CPR

Amiodarone

No 2.41 (1.15-5.04) 0.020 0.878 1
Yes 1.00 Reference 0.000 0
Atropine

No 9.22 (2.22-38.25) 0.002 2.221 3
Yes 1.00 Reference 0.000 0

Model summary: -2 log likelihood = -205.49; pseudo-R2 = 0.2725; according to the Hosmer and Lemeshow test: 2 = 5.83,
df =6, p = 0.442; constant = -5.319. CI: confidence interval; NA: data not applicable; AOR: adjusted odds ratio;

RC: regression coefficient.

FEVWERH Performance of developed model in predicting the probability of cardiopulmonary resuscitation (CPR) failure at the scene after 20
minutes of advance cardiac life support (ACLS) in patients with nontraumatic out-of-hospital cardiac at different cutoff points

Cutoff |CPR Failure |Sensitivity Specificity PPV NPV LR+ LR-

=2 313 (68.9) 100.0 (98.8-100) |0.7 (0-3.9) 68.9 (64.5-73.2) |100.0 (2.5-100) 1.01 (0.99-1.02) |0.00

=3 313 (69.1) 100.0 (98.8-100) |1.4 (0.2-5) 69.1 (64.6-73.3) [100.0 (15.8-100) |1.01 (1.00-1.03) |0.00

=4 313 (69.6) 100.0 (98.8-100) |3.5 (1.2-8) 69.6 (65.1-73.8) [100.0 (47.8-100) |1.04 (1.00-1.07) [0.00

=5 311 (72.0) 99.4 (97.7-99.9) |14.8 (9.4-21.7) 72.0 (67.5-76.2) |91.3 (72-98.9) 1.17 (1.09-1.25) |0.04 (0.01-0.18)
=6 306 (73.7) 97.8 (95.4-99.1) |23.2 (16.6-31.1) |73.7(69.2-77.9) [82.5(67.2-92.7) [1.27 (1.16-1.4) 0.10 (0.04-0.21)
=7 291 (78.0) 93.0 (89.6-95.5) |42.3 (34-50.8) 78.0 (73.5-82.1) |73.2(62.2-82.4) |1.61(1.39-1.86) |0.17 (0.11-0.26)
=8 278 (81.5) 88.8 (84.8-92.1) |55.6 (47.1-64) 81.5 (77-85.5) 69.3 (60-77.6) 2.00 (1.66-2.42) [0.20 (0.14-0.28)
=9t 219 (89.8) 70.0 (64.6-75) 82.4 (75.1-88.3) [89.8(85.2-93.3) |55.5(48.5-6230) |3.97 (2.76-5.71) |0.36 (0.3-0.44)
=10 204 (92.3) 65.2 (59.6-70.4) |88.0 (81.5-92.9) |92.3 (88-95.5) 53.4 (46.8-59.9) |5.44 (3.46-8.57) |0.40 (0.34-0.47)
=11 53 (98.2) 16.9 (12.9-21.6) |99.3 (96.1-100) |98.1 (90.1-100) |35.2(30.5-40.1) |24.00 (3.36-172) |0.84 (0.79-0.88)
=12 33 (100.0) 10.5 (7.4-14.5) 100.0 (97.4-100) |100.0 (89.4-100) |33.6 (29.2-38.4) |— 0.90 (0.86-0.93)
=13 31 (100.0) 9.9 (6.8-13.8) 100.0 (97.4-100) |100.0 (88.8-100) |33.5 (29-38.2) — 0.90 (0.87-0.94)

Data are presented with 95% confidence interval (CI). CPR failure column reported as number (%). tThe best threshold value was
determined from the Youden index (Youden index J = sensitivity + specificity 1). PPV: positive predictive

value; NPV: negative predictive value; LR+: positive likelihood ratio; LR-: negative likelihood ratio.
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Adultnon-traumatic OHCA cases aged > 18 years old
received CPR for 20 minutes according to ACLS
guidelines, assisted by V-EMS CLS medical services
form January 2017 to December 2024 (n=3820)

Excluded (n=363)

+ ROSC within 20 mimutes (n=113)

+ Incomplete data (n=96)

+ Death before arrival (n=70)

+ DNR order (n=52)

+ Cardiac arrest dunng transfer (n=30)
+ Re-arrest (n=4)

h 4

Eligible Patients (n=455)

L4
h A Y
Patients with CPR Failure at the Scene Patients with CPR success at the Scene
20 minutes (n=313) 20 minutes (n=142)

Patient selection flowchart. OHCA: out of hospital cardiac arrest; ACLS: advanced cardiac life support; ROSC: return of spontaneous
circulation; DNR: do not resuscitate; CPR: cardiopulmonary resuscitation.
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Area under the receiver operating characteristic curve (AuROC) with 95% confidence interval (CI) of the clinical prediction score of
cardiopulmonary resuscitation (CPR) failure at the scene after 20 minutes of complete advanced cardiovascular life support (ACLS) in patients
with nontraumatic out-of-hospital cardiac arrest. (A) clinical score and (B) postestimation ROC analysis.
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A: Calibration plots of the score-predicted probability of cardiopulmonary resuscitation (CPR) failure and the CPR failure observed
at the scene after 20 minutes of complete advanced cardiovascular life support (ACLS) in patients with nontraumatic out-of-hospital cardiac ar-
rest. B: The distribution of the clinical prediction score of cardiopulmonary resuscitation (CPR) failure at the scene after 20 minutes of complete
advanced cardiovascular life support (ACLS) in patients with nontraumatic out-of-hospital cardiac arrest. CRF: cardiac resuscitation failure; CI:

confidence interval.
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Risk curve analysis: observed risk of cardiopulmonary resuscitation (CPR) failure and predicted risk of CPR failure at the after scene
20 minutes of complete advanced cardiovascular life support (ACLS) by scores (solid line). The size of each circle represents the relative number

of patients with each score. CRF: cardiac resuscitation failure.
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