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Abstract

Background

Termination-of-resuscitation rules (TORRs) in out-of-hospital cardiac arrest (OHCA)

patients have been applied in western countries; in Asia, two TORRs were developed and

have not been externally validated widely. We aimed to externally validate the TORRs using

the registry of Pan-Asian Resuscitation Outcomes Study (PAROS).

Methods

PAROS enrolled 66,780 OHCA patients in seven Asian countries from 1 January 2009 to 31

December 2012. The American Heart Association-Basic Life Support and AHA-ALS (AHA-

BLS), AHA-Advanced Life Support (AHA-ALS), Goto, and Shibahashi TORRs were

selected. The diagnostic test characteristics and area under the receiver operating charac-

teristic curve (AUC) were calculated. We further determined the most suitable TORR in Asia

and analysed the variable differences between subgroups.

Results

We included 55,064 patients in the final analysis. The sensitivity, specificity, negative predic-

tive value, positive predictive value, and AUC, respectively, for AHA-BLS, AHA-ALS, Goto,
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Shibashi TORRs were 79.0%, 80.0%, 19.6%, 98.5%, and 0.80; 48.6%, 88.3%, 9.8%,

98.5%, and 0.60; 53.8%, 91.4%, 11.2%, 99.0%, and 0.73; and 35.0%, 94.2%, 8.4%, 99.0%,

and 0.65. In countries using the Goto TORR with PPV<99%, OHCA patients were younger,

had more males, a higher rate of shockable rhythm, witnessed collapse, pre-hospital defi-

brillation, and survival to discharge, compared with countries using the Goto TORR with

PPV�99%.

Conclusions

There was no single TORR fit for all Asian countries. The Goto TORR can be considered

the most suitable; however, a high predictive performance with PPV�99% was not

achieved in three countries using it (Korea, Malaysia, and Taiwan).

Introduction

Termination-of-resuscitation rules (TORRs) provide a subjective decision concerning the bal-

ance of an effective resuscitation in patients with out-of-hospital cardiac arrest (OHCA) and

the concept of medical futility. OHCA, with an annual incidence rate of 50–60 per 100,000 per-

sons globally [1,2], is a high-maintenance medical condition with a low survival rate (5–20%

worldwide and 2–11% in Asia) [1–3]. One Asian study using the Pan-Asian Resuscitation Out-

comes Study (PAROS) registry revealed that OHCA survival rate is only 5.4% [4]. Since 1990,

medical futility has been defined as imparting a<1% chance of survival after medical interven-

tion [5–7]. To provide the greatest benefit to the population, medical re-allocation is required

for an efficient workforce and use of bedspaces and medical devices, which are important dur-

ing the COVID-19 pandemic [8–10]. Studies showed that the implementation of TORRs can

reduce unnecessary transport [11], traffic accident [12,13], medical futility [14,15], and finan-

cial cost [16]. Various TORRs have been developed since 1980 due to different cultural, ethical,

and legal demands under different time and space [13,17–21]. However, the validation of

TORRs is as crucial as its development and should be prioritised before clinical

implementation.

The performance of TORRs in western countries has been reviewed and well validated

[22,23]. In Asia, TORRs are yet to be implemented, and the predictive performance remains

controversial [20–21,24–26]. EMS systems are different from country to country; however,

EMS systems in many Asian countries still have some fundamental similarities. EMS system is

divided into Angio-American system (AAS) and Franco-German system (FGS). The EMS sys-

tem in Asia is similar to the Angio-American system. For example, AAS EMS is responsible to

deliver most of the patients to the emergency department (ED) for physician treatment, which

is a concordance to Asia EMS; whereas in FGS, a physician is brought to the patients and very

few patients approach the ED. Furthermore, as AAS, prehospital care is provided by paramed-

ics in Asia; in FGS, prehospital care is provided by emergency physicians. Therefore, we

selected TORRs developed in the United States and in Asia for analysis which is due to the

consideration of different EMS systems [27]. Two TORRs, the AHA-BLS (American Heart

Association- Basic Life Support) and AHA-ALS (American Heart Association- Advanced Life

Support) TORRs, after being validated internally and externally for many years, are being clin-

ically implemented in western countries and represent international guidelines recommended

by the AHA in 2020 [11,19,28–33]. However, these TORRs lacked evidence of predictive per-

formance in Asia. In Japanese studies, the AHA-BLS TORR showed good performance in
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mortality prediction [21,24,25]; however, several studies showed that the AHA-BLS TORR

cannot achieve the definition of futile medicine in death prediction [20,26]. Asian studies also

developed several TORRs; Goto and Shibahashi are both Asian TORR representatives. Goto

et al. developed a TORR stating that physicians can cease resuscitation after arrival at the emer-

gency department, which is consistent with most Asian legislation [20]. According to our

knowledge, Malaysia is the only Asia country that legislation is able to terminate CPR in the

field. Shibahashi et al. proposed a TORR that provides objective criteria in quick decision-

making after the emergency medical service (EMS) personnel arrive at the scene, which

involves pre-hospital termination and is favourable in the future while EMS personnel in Asia

can legally perform termination-of-resuscitation (TOR) in the field [21]. However, the above

two TORRs are only validated in Japan and were not yet assessed in other Asian countries.

In this study, four TORRs were selected for performance evaluation: the AHA-BLS,

AHA-ALS, Goto, and Shibahashi TORRs. We aimed to compare the predictive performance

of selected TORRs using the data obtained from the PAROS registry, to find out the most suit-

able TORR in Asia and to explore the potential relation of suboptimal performance of TORRs.

Materials and methods

Study design and setting

We used the PAROS retrospective multinational cohort to validate the performance of TORRs

in OHCA patients in 7 Asian countries in Asia, and then selected a suitable TORR for most

Asian countries. We also further classified these 7 countries into two groups: countries with

good TORR performance and countries with suboptimal TORR performance based on the

PPV value of the chosen TORR. This is to explore the differences between the two groups.

The PAROS study established a registry for multinational participants to collect 1.5–

2.5-year OHCA data from 1 January 2009 to 31 December 2012 [3]. First, variables were

derived based on Utstein registry [34], under a standardized record template. Second, the

extracted information (derived from dispatch, ambulance, and emergency department rec-

ords) was imported into an online data registry called ePAROS. To ensure data precision, des-

ignated coordinators in each country affirmed the collected data before and after data entry in

the ePAROS system; the PAROS study coordinating centre further verified and clarified the

data completeness, data range, and logical consistency with the corresponding person in each

country through data-source verification.

This study was approved by the Institutional Review Board of the National Taiwan Univer-

sity Hospital (NTUH). The PAROS study received national institutional review boards (IRBs)

approval from the local committees of all participating countries and all IRB approvals were

maintained in the coordination centre [3]. Patient consent was waived due to de-identified

PAROS registry dataset. PAROS Clinical Research Network use patient’s names or identifica-

tion numbers to match the EMS records with hospital outcomes. After the record is com-

pleted, patients’ identifiers were removed from the dataset by PAROS personnel to safeguard

the privacy of patients. Moreover, there is a data sharing agreement of PAROS registry to pro-

tect the confidentiality of patients enrolled in the study.

Study population

The study population included adults, non-traumatic OHCA patients between 1 January 2009

and 31 December 2012, identified from the PAROS registry. The PAROS data encompass

twelve communities from seven countries including Japan, Malaysia, Singapore, South Korea,

Taiwan, Thailand, and the United Arab Emirates (Dubai) [3]. The exclusion criteria include:

(1) age <18 years, (2) non-EMS transport to the emergency department, (3) traumatic cardiac
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arrest OHCA patients, (4) obvious signs of death (e.g. decapitation, rigor mortis, lividity, and

decapitation) or having do-not-resuscitate (DNR) orders, and (5) missing data despite meeting

the inclusion criteria.

Variables

The variables were based on the four selected TORRs: the AHA-BLS, AHA-ALS, Goto, and

Shibahashi TORRs. Patient demographics, prehospital information with definition followed

by Utstein recommendation [35], and survival status were extracted including age, sex, prehos-

pital rhythm, prehospital defibrillation, bystander cardiopulmonary resuscitation (CPR), car-

diac arrest witnessed, prehospital return of spontaneous circulation ROSC and survival to

discharge. The prehospital ROSC is prehospital status, which means ROSC status before emer-

gency department arrival; whereas survival to discharge is the overall survival of OHCA

patients after hospital discharge.

In most PAROS countries, “survival to hospital discharge” was a necessary information in

the registry, while in Japan the item was substituted by "survival to 30-day hospitalisation”.

Both of these were acceptable to the Utstein registry template [34]. Therefore, “survival to hos-

pital discharge” in this study had two definitions.

Outcome measures

The prediction outcome is in-hospital mortality. The tests of the TORRs for the prediction of

in-hospital mortality are evaluated by sensitivity (Sn), specificity (Sp), positive predictive val-

ues (PPV), negative predictive value (NPV), and area under the receiver operating characteris-

tic curve (AUC). Medical futility is defined as medical managements that provide�1% chance

of survival [5,36]. Countries with PPV�99% were considered as having good TORR perfor-

mance, whereas countries with PPV <99% were considered as having suboptimal TORR

performance.

Statistical analysis

Means and standard deviations (SD) were reported for continuous variables. Counts and per-

centages were calculated for categorical variables. The overall performance of the four TORRs

were summarised by determining the Sn, Sp, PPV, NPV with 95% CI for mortality prediction

outcome, and AUC. The comparison of the variable differences between subgroups was exam-

ined using the Student t-test and chi-square test, as appropriate. Statistical significance was

defined as P<0.05. All statistical analyses were calculated using SAS software version 9.4 (SAS

Institute, Cary, NC, USA).

Results

From 1 January 2009 to 31 December 2012, 66,780 patients were enrolled in the PAROS regis-

try. In total, 11,716 patients were excluded and, finally, 55,064 patients were reviewed; they

were further classified into subgroups according to different countries. Most OHCA patients

were from Japan, and the patient flow chart is shown in Fig 1.

Table 1 shows the demographic information of the 55,064 individuals. The mean±SD age of

the overall population was 76.00±15.8 years; 58.5% of patients (n = 32,185) were >73 years

old, and 59.5% of patients were males (n = 32,750). In total, 57.0% of the cases were not wit-

nessed, 35.6% were witnessed by a bystander, and 7.4% were witnessed by an emergency medi-

cal technician (EMT). In total, 37.3% of the patients received pre-hospital bystander CPR and

14.0% received pre-hospital defibrillation. Most of the patients (88.2%) showed non-shockable

PLOS ONE The predictive performance of termination-of-resuscitation rules in in Asian

PLOS ONE | https://doi.org/10.1371/journal.pone.0270986 August 10, 2022 4 / 14

https://doi.org/10.1371/journal.pone.0270986


Fig 1. Patient flow chart.

https://doi.org/10.1371/journal.pone.0270986.g001
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rhythm, 0.3% showed ventricular tachycardia, and 7.8% showed ventricular fibrillation. Only a

few patients (8.5%) achieved pre-hospital ROSC, and 6.0% survived to hospital discharge or

survived beyond 30 days during hospitalisation.

Table 2 shows the performance of the four TORRs according to the countries. Countries

with good Goto TORR performance included Japan, Singapore, Thailand, and UAE, and over-

all data; for AHA-BLS TORR, Singapore, and UAE; for AHA-ALS TORR, Japan, Singapore,

and UAE; and for Shibahashi TORR, Japan, Singapore, Thailand, UAE, and overall data.

Table 3 summarizes the four TORRs being used in Asia, including AUC, criteria, advan-

tages, and disadvantages. The AHA-BLS TORR had the highest overall AUC with two coun-

tries showing good performance. The AHA-ALS TORR had the lowest AUC with three

countries showing good performance. AHA-BLS and AHA-ALS TORRs can reduce transport

rate but are not yet legally authorised in Asian countries. The Shibahashi TORR revealed good

prediction performance in four Asian countries, and due to the objective criteria, the Shibaha-

shi TORR was able to reduce transport rate by declaring death upon EMT arrival; however,

the Shibahashi TORR still raises legal concern in Asia. The Goto TORR revealed good perfor-

mance in 4 Asian countries and had the second highest AUC. In Goto TORR, death was

declared by a physician upon arrival in the emergency department, which cannot reduce trans-

port rate but is legally authorised in Asia.

Table 1. Patient characteristics.

Overall

(n = 55,064)

Japan

(n = 43,381)

Singapore

(n = 2,816)

Thailand

(n = 183)

UAE

(n = 380)

Korea

(n = 5,531)

Malaysia

(n = 202)

Taiwan

(n = 2,571)

Age, year (mean±SD) 76.0 (15.8) 74.6 (15.0) 65.5 (15.6) 60.7 (19.1) 51.7 (16.1) 68.0 (16.4) 59.0 (16.4) 77.0 (16.4)

Age�73 y/oa, n (%) 32,185 (58.5) 27,333 (61.6) 1,011 (35.9) 61 (33.3) 44 (11.6) 2,181 (39.4) 42 (20.8) 1,513 (58.9)

Male, n (%) 32,750 (59.5) 25,036 (56.4) 1,864 (66.2) 121 (66.1) 315 (82.9) 3,633 (65.7) 141 (69.8) 1,640 (63.8)

Shockable rhythm 5,646 (10.2) 3,733 (8.6) 542 (19.2) 14 (7.7) 79 (20.8) 1,014 (18.3) 8 (4.0) 256 (10.0)

VT 177 (0.3) 74 (0.2) 16 (0.5) 0 (0.0) 6 (1.6) 74 (1.3) 0 (0.0) 7 (0.3)

VF 4,299 (7.8) 2,615 (6.0) 514 (18.3) 14 (7.7) 67 (17.6) 839 (15.2) 2 (1.0) 248 (9.6)

Unknown shockable 1,170 (2.1) 1,044 (2.4) 12 (0.4) 0 (0.0) 6 (1.6) 101 (1.8) 6 (3.0) 1 (0.04)

Non-shockable rhythm 48,560 (88.2) 39,612 (91.3) 2,272 (80.7) 111 (60.6) 301 (79.2) 4,125 (74.6) 128 (63.4) 2,011 (78.2)

Asystole 27,335 (49.6) 20,695 (47.7) 1,505 (53.4) 93 (50.8) 261 (68.7) 3,202 (57.9) 50 (24.8) 1,529 (59.5)

PEA 8,243 (15.0) 6,219 (14.3) 748 (26.6) 17 (9.3) 34 (8.9) 758 (13.7) 3 (1.5) 464 (18.0)

Unknown non-

shockable

12,982 (23.6) 12,698 (29.3) 19 (0.7) 1 (0.5) 6 (1.6) 165 (3.0) 75 (37.1) 18 (0.7)

Unknown 858 (1.6) 36 (0.1) 2 (0.1) 58 (31.7) 0 (0.0) 392 (7.1) 66 (32.6) 304 (11.8)

Pre-hospital

defibrillation, n (%)

7,695 (14.0) 5,080 (11.4) 682 (24.2) 27 (14.8) 140 (36.8) 1,449 (26.2) 9 (4.5) 308 (12.0)

Cardiac arrest

witnessed, n (%)

Not witnessed 31,398 (57.0) 25,609 (59.0) 1,211 (43.0) 52 (28.4) 192 (50.5) 2,508 (45.3) 72 (35.6) 1,754 (68.2)

Bystander-witnessed 19,602 (35.6) 14,588 (33.6) 1,399 (49.7) 117 (63.9) 176 (46.3) 2654 (48.0) 108 (53.5) 560 (21.8)

EMS-witnessed 4,064 (7.4) 3,184 (7.4) 206 (7.3) 14 (7.7) 12 (3.2) 369 (6.7) 22 (10.9) 257 (10.0)

Bystander CPR, n (%) 20,521 (37.3) 16,716 (38.5) 635 (22.6) 38 (20.8) 39 (10.3) 2328 (42.1) 61 (30.2) 704 (27.4)

Pre-hospital ROSC, n

(%)

4,653 (8.5) 3,831 (8.8) 145 (5.2) 39 (21.3) 14 (3.7) 307 (5.6) 7 (3.5) 310 (12.1)

Survival to discharge 3,287 (6.0) 2,390 (5.5) 89 (3.2) 11 (6.0) 13 (3.4) 591 (10.7) 5 (2.5) 188 (7.3)

aAge�73 y/o is one of the TOR criteria in the Shibahashi TORR.

VT, ventricular tachycardia; VF, ventricular fibrillation; PEA, pulseless electrical activity; EMS, emergency medical service; CPR, cardiopulmonary resuscitation; ROSC,

return of spontaneous circulation.

https://doi.org/10.1371/journal.pone.0270986.t001
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Table 4 shows that, compared with their counterpart, in the suboptimal Goto TORR perfor-

mance group, patients were younger, had a higher percentage of males, a higher rate of shock-

able rhythm, witnessed collapse, pre-hospital defibrillation, and survival to discharge, but had

a lower rate of pre-hospital ROSC. We selected Goto TORR as the suitable TORR in most

Asian countries included in the study. Four Asian countries showed good Goto TORR perfor-

mance. In Goto TORR, patients were sent to the hospital and death was declared by doctors,

which is concordant with most Asian legislation and culture. To clarify the differences between

countries with good and suboptimal performance, we categorised the seven countries using

the Goto TORR into two groups according to the PPV value: the good TORR performance

group (Japan, Singapore, Thailand, and UAE with PPV�99%) and the suboptimal TORR per-

formance group (Korea, Malaysia, and Taiwan, with PPV<99%). Patient characteristics

showed statistically significant differences when comparing the variables between the two

groups.

TORR, termination-of-resuscitation rule; VT, ventricular tachycardia; VF, ventricular

fibrillation; PEA, pulseless electrical activity; EMS, emergency medical service; CPR, cardio-

pulmonary resuscitation; ROSC, return of spontaneous circulation.

Table 2. Performance of the 4 TORRs to predict in-hospital mortality.

Goto AHA-BLS AHA-ALS Shibahashi

Sna Spb PPVc NPVd Sn Sp PPV NPV Sn Sp PPV NPV Sn Sp PPV NPV

Overall

95%CI

53.8

53.3–

54.2

91.4

90.4–

92.4

99.0

98.9–

99.1

11.2

10.8–

11.5

79.0

78.6–

79.4

80.0

79.5–82.2

98.5

97.5–

99.6

19.6

19.0–

20.3

48.6

48.2–

49.0

88.3

87.2–

89.4

98.5

98.3–

98.6

9.8

9.5–

10.2

35.0

34.6–

35.4

94.2

93.4–

95.0

99.0

98.8–

99.1

8.4

8.1–8.7

Japan

95%CI

56.9

56.4–

57.4

94.0

93.0–

94.9

99.4

99.3–

99.5

11.3

10.8–

11.7

81.1

80.7–

81.4

85.7

84.3–87.1

98.9

98.9–

99.1

20.9

20.1–

21.7

48.3

47.8–

48.8

91.6

90.5–

92.7

99.0

98.9–

99.1

9.4

9.0–9.7

38.9

38.5–

39.4

94.1

93.2–

95.0

99.1

99.0–

99.3

8.3

7.9–8.6

Singapore

95%CI

34.8

33.0–

36.6

97.8

94.7–

100

99.8

99.5–

100

4.7

3.7–5.6

69.6

67.9–

71.3

93.3

88.0–98.5

99.7

99.4–

99.9

9.1

7.2–

11.0

55.0

53.2–

56.9

95.5

91.2–

99.8

99.7

99.5–

99.9

6.5

5.2–7.8

14.2

12.8–

15.5

98.9

96.7–

100

99.7

99.2–

100

3.6

2.9–4.4

Thailand

95%CI

20.9

14.9–

27.0

100.0

100

-100

100.0

100

-100

7.5

3.2–

11.7

66.9

59.8–

73.9

81.8

59.0–100

98.3

95.9–

100

13.6

5.4–

21.9

54.1

46.6–

61.5

81.8

59.0–

100

97.9

95.0–

100

10.2

3.9–

16.6

10.5

5.9–

15.0

100.0

100

-100

100.0

100

-100

6.7

2.9–

10.5

UAE

95%CI

35.2

30.0–

40.0

92.3

77.8–

100

99.2

97.7–

100

4.8

2.2–7.5

61.9

56.9–

66.8

84.6

65.0–100

99.1

97.9–

100

7.3

3.1–

11.4

56.1

51.1–

61.2

92.3

77.8–

100

99.5

98.6–

100

6.9

3.2–

10.7

6.5

4.0–9.1

100.0

100

-100

100.0

100

-100

3.7

1.7–5.6

Korea

95%CI

38.6

37.3–

40.0

83.8

80.8–

86.7

95.2

94.3–

96.1

14.0

12.9–

15.2

70.9

69.6–

72.2

63.6

59.7–67.5

94.2

93.5–

95.0

20.7

18.9–

22.6

40.8

39.4–

42.1

78.2

74.8–

81.5

94.0

93.0–

95.0

13.6

12.5–

14.8

15.2

14.2–

16.2

96.1

94.5–

97.7

97.0

95.8–

98.2

11.9

11.0–

12.9

Malaysia

95%CI

33.5

26.9–

40.1

80.0

44.9–

100

98.5

95.6–

100

3.0

0.0–6.0

82.2

76.9–

87.6

40.0

0.0–82.9

98.2

96.1–

100

5.4

0–13.0

56.3

49.4–

63.3

60.0

17.1–

100

98.2

95.8–

100

3.4

0.0–7.0

6.09

2.8–9.4

80.0

44.9–

100

92.3

77.8–

100

2.1

0.0–4.0

Taiwan

95%CI

59.9

58.0–

61.9

79.3

73.5–

85.1

97.3

96.5–

98.2

13.5

11.5–

15.5

74.1

72.4–

75.9

67.6

60.9–74.2

96.7

95.8–

97.5

17.1

14.4–

19.8

60.1

58.1–

62.0

75.5

69.4–

81.7

96.9

96.0–

97.8

13.0

11.0–

15.0

40.6

38,6–

42.6

86.2

81.2–

91.1

97.4

96.4–

98.4

10.3

8.8–

11.8

aSn, sensitivity: Number of dead individuals that TORR suggested termination of resuscitation divided by the number of total dead individuals following OHCAs.
bSp, specificity: Number of individuals who survived that TORR suggested transportation divided by the total individuals who survived following OHCAs.
cPPV, positive predictive values: Number of dead individuals that TORR suggested termination of resuscitation divided by the total individuals that TORR suggested

termination of resuscitation.
dNPV, negative predictive values: Number of individuals who survived that TORR suggested transportation divided by the total individuals that TORR suggested

transportation.

AHA-BLS, American Heart Association Basic Life Support; AHA-ALS, American Heart Association Advanced Life Support.

https://doi.org/10.1371/journal.pone.0270986.t002
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Discussion

Main findings

There were three major findings in this study. First, there was no universal TORR that could

be perfectly applied in all Asian countries; none of the four TORRs achieved a PPV�99% in

Table 3. Summarized application of variant TORRs in Asia.

Goto AHA-BLS AHA-ALS Shibahashi

Overall AUC 0.73 (0.72–0.73) 0.80 (0.79–0.81) 0.60 (0.58–0.61) 0.65 (0.64–0.65)

Countries with good

performancea
4

(Japan, Singapore, Thailand, UAE)

2

(Singapore, UAE)

3

(Japan, Singapore, UAE)

4

(Japan, Singapore, Thailand, UAE)

Criteria 1. Unshockable initial rhythm

2. Unwitnessed by bystanders

3. No prehospital ROSC

1. No pre-hospital shock

delivered

2. Unwitnessed by EMT

3. No pre-hospital ROSC

1. No pre-hospital shock

delivered

2. Unwitnessed by EMT or

bystanders

3. No pre-hospital ROSC

4. No bystander CPR

1. Unshockable initial rhythm

2. Unwitnessed by bystanders

3. Age�73 years

Advantage in utility in

Asia

1. Death declaration in ED by

physician

2. Legally authorised

1. Reduced transport rate 1. Reduced transport rate 1. Death declaration immediately after

the arrival of EMT

2. Reduced transport rate

Disadvantage in utility in

Asia

1. Need transport to ED, cannot

reduce transport time

1. Death declaration by

EMT at scene

2. Not legally authorised

1. Death declaration by

EMT at scene

2. Not legally authorised

1. Death declaration by EMT at scene

2. Not legally authorised

aGood performance: A PPV�99% in prediction of in-hospital mortality.

AHA-BLS, American Heart Association Basic Life Support; AHA-ALS, American Heart Association Advanced Life Support; AUC, area under the receiver operating

characteristic curve; EMT, emergency medical technicians; ED, emergency department; CPR, cardiopulmonary resuscitation; ROSC, return of spontaneous circulation.

https://doi.org/10.1371/journal.pone.0270986.t003

Table 4. Patient characteristics in countries with good Goto TORR performance vs. suboptimal Goto TORR performance.

Good Goto TORR performancea (n = 46,760) Suboptimal Goto TORR performanceb (n = 8,304) P

Age, year (mean, SD) 73.8 (15.4) 67.6 (16.8) <0.0001

Gender, Male, n (%) 27,336 (58.5) 5,414 (65.2) <0.0001

Type of initial rhythm, n (%) <0.0001

Shockable 4,368 (9.3) 1,278 (15.4)

VF 3,210 (6.9) 1,089 (13.1)

VT 96 (0.2) 81 (0.98)

Unknown shockable 1,062 (2.3) 108 (1.3)

Non-shockable 42,296 (90.5) 6,264 (75.4)

Asystole 22,554 (48.2) 4,781 (57.6)

PEA 7,018 (15.0) 1,225 (14.8)

Unknown non-shockable 12,724 (27.2) 258 (3.1)

Unknown 96 (0.2) 762 (9.2)

Pre-hospital defibrillation, n (%) 5,929 (12.7) 1,766 (21.3) <0.0001

Cardiac arrest witness, n (%) <0.0001

No witness 27,064 (57.9) 4,334 (52.2)

EMS 3,416 (7.3) 648 (7.8)

Bystander 16,280 (34.8) 3,322 (40.0)

Bystander CPR, n (%) 17,428 (37.3) 3,093 (37.3) 0.97

Pre-hospital ROSC, n (%) 4,029 (8.6) 624 (7.5) 0.0009

Survival to discharge, n (%) 2,503 (5.4) 784 (9.4) <0.0001

aGood Goto TORR performance: Country with PPV≧99% belongs to this category, including Japan, Singapore, Thailand, UAE.
bSuboptimal Goto TORR performance: Country with PPV<99% belongs to this category, including Korea, Malaysia, Taiwan.

https://doi.org/10.1371/journal.pone.0270986.t004
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prediction of death in Korea, Malaysia, and Taiwan. Second, under the circumstance, the Goto

TORR was the suitable for most Asian countries included in this study by the high predictive

performance and legislation requirement. The Shibahashi TORR may be favoured if the EMS

has the authority to decline resuscitation at the scene. Third, TORR performance would be

probably affected in countries with younger or with a higher male population. These findings

are beneficial to the knowledge gap in the TORR applications of the current resuscitation

guidelines.

Interpretation of the study

In previous studies, the performance of TORRs in Asian countries remains controversial. Our

study revealed that no universal TORR can be applied in pan-Asia. None of the four TORRs

achieved a PPV�99% in survival prediction in Korea, Malaysia, and Taiwan. Under different

population characteristics, EMS, and medical system, this study showed diversity in TORR

performance among Asian countries. In Malaysia, an ambulance is staffed with medical assis-

tance and the highest pre-hospital service level is a physician; these factors may have positive

influence on the outcome of OHCA patients [4,37]. Several studies showed that, with the pres-

ence of a pre-hospital physician, OHCA patients showed better survival outcome and favour-

able neurological outcome [38–40]. Online Supplement Table 2 showed the analysis of

prehospital time in seven Asia countries. We defined the prehospital time as from call to

ambulance arrived ED. The two countries with the shortest prehospital time are Korean and

Taiwan. Online Supplement Table 3 showed univariate analysis between good Goto TORR

performance group and suboptimal performance group. In univariate analysis between good

Goto TORR performance and suboptimal performance group, prehospital time is longer in

good Goto TORR performance with statistics significant. In Korea and Taiwan, OHCA

patients had relatively short prehospital resuscitation time and prolonged overall resuscitation

time (pre-hospital EMT resuscitation and hospital resuscitation). Our study reported a rela-

tively short prehospital time in Taiwan and Korea which is concordance with previous study

[37]. One PAROS study revealed that the time from EMT arrival to hospital arrival is less than

20 minutes in Korea (13.0 minutes) and in Taiwan (17.0 minutes) [4]. The 2020 AHA guide-

line and study revealed that a universal TORR showed good performance in futility prediction

at>20 minutes of CPR [41,42]. One study reported that 90% of OHCA patients regained

pulse after 20 minutes of resuscitation and 99% of patients obtained pulse after 37 minutes of

resuscitation [41]. In Asia, every OHCA patient will be sent to the hospital, thereby resulting

in prolonged resuscitation time of>37 minutes. With pre-hospital resuscitation time <20

minutes and extended post-hospital resuscitation time, TORRs in Korea and Taiwan may fail

to achieve medical futility. ROSC is related to resuscitation time; therefore, the timing of

TORR assessment may contribute to the performance of TORR. In countries with short pre-

hospital resuscitation time, TORR may also be different compared to countries with long pre-

hospital resuscitation time. Although prehospital time may influence the predictive perfor-

mance of TORRs rules, in ethical aspect, we believe prehospital time should not be one of the

criteria of TORR unless in extremely remote regions. Further study will be required to deter-

mine an optimal TOR strategy and to figure out the proper assessment time in countries with

short prehospital time; resuscitation time scale should also be considered in choosing the suit-

able TORR, including pre-hospital resuscitation and hospital resuscitation, in the future.

Online Supplement Table 1 showed the analysis of ED ROSC rate and the analysis of

mechanical CPR including prehospital use and in-hospital use (at ED). In this study, prehospi-

tal mechanical CPR accounted for a very low proportion of OHCA patients; only Singapore

has 248 cases with prehospital mechanical CPR recorded. Online Supplement Table 3 showed
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univariate analysis between good Goto TORR performance group and suboptimal perfor-

mance group. In univariate analysis, prehospital mechanical CPR showed statistics significant

between 2 groups; however, Singapore is the only country contributing the case number for

prehospital mechanical CPR which could not represent the general condition of good Goto

performance group. This study did not include ED status and in-hospital treatment for OHCA

patients; thus, in the information of in-hospital use of mechanical CPR and ED ROSC, a large

proportion of missing data made further analysis difficult.

Application of the findings

By using the Goto and Shibahashi TORRs, more Asian countries achieved the definition of

medical futility, including Japan, Singapore, Thailand, and UAE. The Shibahashi TORR led to

a reduction in transport rate, immediate termination of resuscitation at scene by an EMT, and

all the variables were objectively evaluated. However, considering that the EMTs in Asia are

still not authorised to declare death at scene, applying the Shibahashi TORR may have legal

and ethical concerns. Thus, the Shibahashi TORR may be more suitable in Asia once they have

the authority to declare death at scene in the future. In the Goto TORR, futile resuscitation can

be terminated after transport to the emergency department, and it is performed by legally

authorised doctors. Using the Goto TORR cannot relieve the burden of the EMTs by reducing

transport rate since the termination of resuscitation is performed in the hospital. However, the

implementation of the Goto TORR can relieve the burden in the emergency department, and

it is legally mandated in Asia. Considering the recent legality and ethical requirement in Asia,

the Goto TORR is suitable in planning for a TORR policy.

Factors associated with TORRs performance

In this study, we found that PPV and specificity were lower in three countries with Goto

TORR performance, which may indicate that more OHCA patients which are eligible for the

Goto TORR survived in these three countries, i.e. specificity values in Korea, Malaysia, and

Taiwan were 38.6%, 33.5%, and 59.9%, respectively, which means that 61.4%, 66.5%, and

40.1% survivors, respectively, were eligible for the Goto TORR. In seven Asian countries,

OHCA patients are sent to hospital; however, in Korea, Malaysia, and Taiwan, specificity was

lower compared to the other four countries. The mean age in the suboptimal group was 68.6

years and that in the good performance group was 73.8 years old, which is in concordance

with the Shibahashi TORR. In the Shibahashi study, one of the TOR criteria was age<73

years; OHCA patients aged<73 years were transported [21]. A PAROS study showed a higher

rate of pre-hospital ROSC in younger patient and males [43]. Another PAROS study reported

that the males had a higher rate of pre-hospital ROSC and survival to discharge [44]. TORR

performance may be diminished since patients with a younger age or males had a higher prob-

ability of regaining pulse, thereby requiring hospital transport. These patients may benefit

from prolonged resuscitation or advance medical treatment [41]. However, the age cut-off

point and gender issue are under an ethical debate, and further evaluation will be required.

Limitations

There are several limitations in this study. First, we conducted the study by using PAROS reg-

istry which is a city-based registry without national coverage; therefore, the results are unable

to undermine the influence of selection bias and generalize to the entire Asia population. Sec-

ond, the sample size was unevenly distributed among the countries and, therefore, small in

some countries, resulting in unstable test performance. We reviewed 55,064 OHCA cases to

conduct an external validation of each TORR in Asia. However, to preserve the diversity
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among countries, we conducted individual analysis on each country. Third, 1,154 patients

with missing data were excluded from 56,218 OHCA patients. However, the 2.1% missing data

rate is reasonable considering the huge database. Fourth, the data we used were collected from

2009 to 2012. We know the data is not very updated because it contains the phase one data of

the PAROS registry. However, our study focuses on the predictive performance of TORRs

across Asian countries and provides a continental-wide understanding of TORRs on a pan-

Asia scale. Therefore, with the influence of widely implemented strategies for BLS promotion

and advanced life supports in EMS system [45–47], we believe this study is still informative to

the readers in the prehospital resuscitation science. Fifth, the PAROS registry provided data on

all outcomes of OHCA patients after medical treatment, but the hospital variables were not

recorded; this study lacked the information regarding hospital care. TORRs are rules for pre-

hospital decisions, to decide whether OHCA patients need transfer to the hospital or should

terminate resuscitation in the field. Due to TORRs being the rules for prehospital settings, the

criteria included in universal TORRs are all prehospital variables; in-hospital management of

the patients usually is not included as one of TORRs criteria. However, the rapid evolution of

medical technology may affect the survival rate of OHCA patients; therefore, the applicability

of TORRs should be examined regularly.

Conclusions

There is no single TORR fit for all Asian countries included in the study. The Goto TORR was

considered the most suitable in Asia based on its predictive performance and content. In coun-

tries using the Goto TORR with PPV<99% (Korea, Malaysia, and Taiwan), the OHCA popula-

tion was younger, comprised more males, had higher rates of shockable rhythm, witnessed

collapse, pre-hospital defibrillation, and survival to discharge.

Supporting information

S1 File.

(DOCX)

Author Contributions

Conceptualization: Shu-Hsien Hsu, Edward Pei-Chuan Huang, Ming-Ju Hsieh, Wen-Chu

Chiang.

Formal analysis: Shu-Hsien Hsu.

Methodology: Shu-Hsien Hsu, Jen-Tang Sun, Ming-Ju Hsieh, Shu-Hui Chang, Wen-Chu

Chiang.

Project administration: Shu-Hui Chang, Wen-Chu Chiang, Matthew Huei-Ming Ma.

Resources: Jen-Tang Sun, Tatsuya Nishiuchi, Kyoung Jun Song, Benjamin Leong, Nik Hisa-

muddin Nik AB Rahman, Pairoj Khruekarnchana, GY Naroo, Matthew Huei-Ming Ma.

Software: Shu-Hsien Hsu.

Supervision: Jen-Tang Sun, Shu-Hui Chang, Wen-Chu Chiang.

Validation: Shu-Hsien Hsu, Shu-Hui Chang, Wen-Chu Chiang.

Visualization: Shu-Hui Chang, Wen-Chu Chiang, Matthew Huei-Ming Ma.

Writing – original draft: Shu-Hsien Hsu.

PLOS ONE The predictive performance of termination-of-resuscitation rules in in Asian

PLOS ONE | https://doi.org/10.1371/journal.pone.0270986 August 10, 2022 11 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0270986.s001
https://doi.org/10.1371/journal.pone.0270986


Writing – review & editing: Wen-Chu Chiang.

References
1. Berdowski J, Berg RA, Tijssen JG, Koster RW. Global incidences of out-of-hospital cardiac arrest and

survival rates: systematic review of 67 prospective studies. Resuscitation. 2010; 81(11):1479–1487.

https://doi.org/10.1016/j.resuscitation.2010.08.006 PMID: 20828914

2. Nichol G, Thomas E, Callaway CW, Hedges J, Powell JL, Aufderheide TP, et al. Regional variation in

out-of-hospital cardiac arrest incidence and outcome. JAMA. 2008; 300(12):1423–1431. https://doi.org/

10.1001/jama.300.12.1423 PMID: 18812533

3. Ong ME, Shin SD, Tanaka H, Ma MH, Khruekarnchana P, Hisamuddin N, et al. Pan-Asian Resuscita-

tion Outcomes Study (PAROS): rationale, methodology, and implementation. Acad Emerg Med. 2011;

18(8):890–897. https://doi.org/10.1111/j.1553-2712.2011.01132.x PMID: 21843225

4. Ong ME, Shin SD, De Souza NN, Tanaka H, Nishiuchi T, Song KJ, et al. Outcomes for out-of-hospital

cardiac arrests across 7 countries in Asia: the Pan Asian Resuscitation Outcomes Study (PAROS).

Resuscitation. 2015; 96:100–108. https://doi.org/10.1016/j.resuscitation.2015.07.026 PMID: 26234891

5. Mitchell KR, Kerridge IH, Lovat TJ. Medical futility, treatment withdrawal and the persistent vegetative

state. J Med Ethics. 1993; 19(2):71–76. https://doi.org/10.1136/jme.19.2.71 PMID: 8331640

6. Schneiderman LJ, Jecker NS, Jonsen AR. Medical futility: its meaning and ethical implications. Ann

Intern Med. 1990; 112(12):949–954. https://doi.org/10.7326/0003-4819-112-12-949 PMID: 2187394

7. Schneiderman LJ. Defining medical futility and improving medical care. J Bioeth Inq. 2011; 8(2):123–

131. https://doi.org/10.1007/s11673-011-9293-3 PMID: 21765643

8. White DB, Katz MH, Luce JM, Lo B. Who should receive life support during a public health emergency?

Using ethical principles to improve allocation decisions. Ann Intern Med. 2009; 150(2):132–138. https://

doi.org/10.7326/0003-4819-150-2-200901200-00011 PMID: 19153413

9. White DB, Lo B. A framework for rationing ventilators and critical care beds during the COVID-19 pan-

demic. JAMA. 2020(18); 323:1773–1774. https://doi.org/10.1001/jama.2020.5046 PMID: 32219367

10. Rosenbaum L. Facing Covid-19 in Italy—ethics, logistics, and therapeutics on the epidemic’s front line.

N Engl J Med. 2020; 382:1873–1875. https://doi.org/10.1056/NEJMp2005492 PMID: 32187459

11. Morrison LJ, Verbeek PR, Zhan C, Kiss A, Allan KS. Validation of a universal prehospital termination of

resuscitation clinical prediction rule for advanced and basic life support providers. Resuscitation. 2009;

80(3):324–328. https://doi.org/10.1016/j.resuscitation.2008.11.014 PMID: 19150167

12. Auerbach PS, Morris JA, Phillips JB, Redlinger SR, Vaughn WK. An analysis of ambulance accidents in

Tennessee. JAMA. 1987; 258(11):1487–1490. https://doi.org/10.1001/jama.1987.03400110069027

PMID: 3625947

13. Kellermann AL, Hackman BB. Terminating unsuccessful advanced cardiac life support in the field. Am J

Emerg Med. 1987; 5(6):548–549. https://doi.org/10.1016/0735-6757(87)90197-5 PMID: 3663300

14. Gray WA, Capone RJ, Most AS. Unsuccessful emergency medical resuscitation—are continued efforts

in the emergency department justified. N Engl J Med. 1991; 325(20):1393–1398. https://doi.org/10.

1056/NEJM199111143252001 PMID: 1922249

15. Morrison LJ, Cheung MC, Redelmeier DA. Evaluating paramedic comfort with field pronouncement:

development and validation of an outcome measure. Acad Emerg Med. 2003; 10(6):633–637. https://

doi.org/10.1111/j.1553-2712.2003.tb00047.x PMID: 12782524

16. Suchard JR, Fenton FR, Powers RD. Medicare expenditures on unsuccessful out-of-hospital resuscita-

tions. J Emerg Med. 1999; 17(5):801–805. https://doi.org/10.1016/s0736-4679(99)00086-4 PMID:

10499692

17. Eisenberg MS, Cummins RO. Termination of CPR in the prehospital arena. Ann Emerg Med. 1985; 14

(11):1106–1107. https://doi.org/10.1016/s0196-0644(85)80932-x PMID: 4051278

18. Smith JP, Bodai BI. Guidelines for discontinuing prehospital CPR in the emergency department—a

review. Ann Emerg Med. 1985; 14(11):1093–1098. https://doi.org/10.1016/s0196-0644(85)80928-8

PMID: 4051275

19. Mancini ME, Diekema DS, Hoadley TA, Kadlec KD, Leveille MH, McGowan JE, et al. Part 3: Ethical

issues: 2015 American Heart Association guidelines update for cardiopulmonary resuscitation and

emergency cardiovascular care. Circulation. 2015; 132(18 Suppl 2):S383–S396. https://doi.org/10.

1161/CIR.0000000000000254 PMID: 26472991

20. Goto Y, Maeda T, Goto YN. Termination-of-resuscitation rule for emergency department physicians

treating out-of-hospital cardiac arrest patients: an observational cohort study. Crit Care. 2013; 17(5):

R235. https://doi.org/10.1186/cc13058 PMID: 24119782

PLOS ONE The predictive performance of termination-of-resuscitation rules in in Asian

PLOS ONE | https://doi.org/10.1371/journal.pone.0270986 August 10, 2022 12 / 14

https://doi.org/10.1016/j.resuscitation.2010.08.006
http://www.ncbi.nlm.nih.gov/pubmed/20828914
https://doi.org/10.1001/jama.300.12.1423
https://doi.org/10.1001/jama.300.12.1423
http://www.ncbi.nlm.nih.gov/pubmed/18812533
https://doi.org/10.1111/j.1553-2712.2011.01132.x
http://www.ncbi.nlm.nih.gov/pubmed/21843225
https://doi.org/10.1016/j.resuscitation.2015.07.026
http://www.ncbi.nlm.nih.gov/pubmed/26234891
https://doi.org/10.1136/jme.19.2.71
http://www.ncbi.nlm.nih.gov/pubmed/8331640
https://doi.org/10.7326/0003-4819-112-12-949
http://www.ncbi.nlm.nih.gov/pubmed/2187394
https://doi.org/10.1007/s11673-011-9293-3
http://www.ncbi.nlm.nih.gov/pubmed/21765643
https://doi.org/10.7326/0003-4819-150-2-200901200-00011
https://doi.org/10.7326/0003-4819-150-2-200901200-00011
http://www.ncbi.nlm.nih.gov/pubmed/19153413
https://doi.org/10.1001/jama.2020.5046
http://www.ncbi.nlm.nih.gov/pubmed/32219367
https://doi.org/10.1056/NEJMp2005492
http://www.ncbi.nlm.nih.gov/pubmed/32187459
https://doi.org/10.1016/j.resuscitation.2008.11.014
http://www.ncbi.nlm.nih.gov/pubmed/19150167
https://doi.org/10.1001/jama.1987.03400110069027
http://www.ncbi.nlm.nih.gov/pubmed/3625947
https://doi.org/10.1016/0735-6757%2887%2990197-5
http://www.ncbi.nlm.nih.gov/pubmed/3663300
https://doi.org/10.1056/NEJM199111143252001
https://doi.org/10.1056/NEJM199111143252001
http://www.ncbi.nlm.nih.gov/pubmed/1922249
https://doi.org/10.1111/j.1553-2712.2003.tb00047.x
https://doi.org/10.1111/j.1553-2712.2003.tb00047.x
http://www.ncbi.nlm.nih.gov/pubmed/12782524
https://doi.org/10.1016/s0736-4679%2899%2900086-4
http://www.ncbi.nlm.nih.gov/pubmed/10499692
https://doi.org/10.1016/s0196-0644%2885%2980932-x
http://www.ncbi.nlm.nih.gov/pubmed/4051278
https://doi.org/10.1016/s0196-0644%2885%2980928-8
http://www.ncbi.nlm.nih.gov/pubmed/4051275
https://doi.org/10.1161/CIR.0000000000000254
https://doi.org/10.1161/CIR.0000000000000254
http://www.ncbi.nlm.nih.gov/pubmed/26472991
https://doi.org/10.1186/cc13058
http://www.ncbi.nlm.nih.gov/pubmed/24119782
https://doi.org/10.1371/journal.pone.0270986


21. Shibahashi K, Sugiyama K, Hamabe Y. A potential termination of resuscitation rule for EMS to imple-

ment in the field for out-of-hospital cardiac arrest: an observational cohort study. Resuscitation. 2018;

130:28–32. https://doi.org/10.1016/j.resuscitation.2018.06.026 PMID: 29940294

22. Grunau B, Taylor J, Scheuermeyer FX, Stenstrom R, Dick W, Kawano T, et al. External validation of the

universal termination of resuscitation rule for out-of-hospital cardiac arrest in British Columbia. Ann

Emerg Med. 2017; 70(3):374–381.e1. https://doi.org/10.1016/j.annemergmed.2017.01.030 PMID:

28302424

23. Ebell MH, Vellinga A, Masterson S, Yun P. Meta-analysis of the accuracy of termination of resuscitation

rules for out-of-hospital cardiac arrest. Emerg Med J. 2019; 36(8):479–484. https://doi.org/10.1136/

emermed-2018-207833 PMID: 31142552

24. Inokuchi S, Masui Y, Miura K, Tsutsumi H, Takuma K, Atsushi I, et al. A new rule for terminating resusci-

tation of out-of-hospital cardiac arrest patients in Japan: a prospective study. J Emerg Med. 2017; 53

(3):345–352. https://doi.org/10.1016/j.jemermed.2017.05.025 PMID: 28843461

25. Kajino K, Kitamura T, Iwami T, Daya M, Ong MEH, Hiraide A, et al. Current termination of resuscitation

(TOR) guidelines predict neurologically favorable outcome in Japan. Resuscitation. 2013; 84(1):54–59.

https://doi.org/10.1016/j.resuscitation.2012.05.027 PMID: 22705831

26. Chiang WC, Ko PC, Chang AM, Liu SS, Wang HC, Yang CW, et al. Predictive performance of universal

termination of resuscitation rules in an Asian community: are they accurate enough. Emerg Med J.

2015; 32(4):318–323. https://doi.org/10.1136/emermed-2013-203289 PMID: 24317286

27. Dick Wolfgang F. Anglo-American vs. Franco-German emergency medical services system. Prehosp

Disaster Med. 2003; 18(1):29–35; discussion 35–7. https://doi.org/10.1017/s1049023x00000650

PMID: 14694898

28. Morrison LJ, Visentin LM, Kiss A, Theriault R, Eby D, Vermeulen M, et al. Validation of a rule for termina-

tion of resuscitation in out-of-hospital cardiac arrest. N Engl J Med. 2006; 355(5):478–487. https://doi.

org/10.1056/NEJMoa052620 PMID: 16885551

29. Ong ME, Jaffey J, Stiell I, Nesbitt L, OPALS Study Group. Comparison of termination-of-resuscitation

guidelines for basic life support: defibrillator providers in out-of-hospital cardiac arrest. Ann Emerg Med.

2006; 47(4):337–343. https://doi.org/10.1016/j.annemergmed.2005.05.012

30. Richman PB, Vadeboncoeur TF, Chikani V, Clark L, Bobrow BJ. Independent evaluation of an out-of-

hospital termination of resuscitation (TOR) clinical decision rule. Acad Emerg Med. 2008; 15(6):517–

521. https://doi.org/10.1111/j.1553-2712.2008.00110.x PMID: 18616436

31. Ruygrok ML, Byyny RL, Haukoos JS. Validation of 3 termination of resuscitation criteria for good neuro-

logic survival after out-of-hospital cardiac arrest. Ann Emerg Med. 2009; 54(2):239–247. https://doi.org/

10.1016/j.annemergmed.2008.11.012 PMID: 19157652

32. Sasson C, Hegg AJ, Macy M, Park A, Kellermann A, McNally B, et al. Prehospital termination of resusci-

tation in cases of refractory out-of-hospital cardiac arrest. JAMA. 2008; 300(12):1432–1438. https://doi.

org/10.1001/jama.300.12.1432 PMID: 18812534

33. Skrifvars MB, Vayrynen T, Kuisma M, Castren M, Parr MJ, Silfverstople J, et al. Comparison of Helsinki

and European Resuscitation Council "do not attempt to resuscitate" guidelines, and a termination of

resuscitation clinical prediction rule for out-of-hospital cardiac arrest patients found in asystole or pulse-

less electrical activity. Resuscitation. 2010; 81(6):679–684. https://doi.org/10.1016/j.resuscitation.2010.

01.033 PMID: 20381229

34. Perkins GD, Jacobs IG, Nadkarni VM, Berg RA, Bhanji F, Biarent D, et al. Cardiac arrest and cardiopul-

monary resuscitation outcome reports: update of the Utstein Resuscitation Registry Templates for Out-

of-Hospital Cardiac Arrest: a statement for healthcare professionals from a task force of the Interna-

tional Liaison Committee on Resuscitation (American Heart Association, European Resuscitation Coun-

cil, Australian and New Zealand Council on Resuscitation, Heart and Stroke Foundation of Canada,

InterAmerican Heart Foundation, Resuscitation Council of Southern Africa, Resuscitation Council of

Asia); and the American Heart Association Emergency Cardiovascular Care Committee and the Council

on Cardiopulmonary, Critical Care, Perioperative and Resuscitation. Circulation. 2015; 132(13):1286–

1300. https://doi.org/10.1161/CIR.0000000000000144 PMID: 25391522

35. Cummins RO, Chamberlain DA, Abramson NS, Allen M, Baskett PJ, Becker L, et al. Recommended

guidelines for uniform reporting of data from out-of-hospital cardiac arrest: the Utstein Style. A state-

ment for health professionals from a task force of the American Heart Association, the European Resus-

citation Council, the Heart and Stroke Foundation of Canada, and the Australian Resuscitation Council.

Circulation. 1991; 84(2):960–975. https://doi.org/10.1161/01.cir.84.2.960 PMID: 1860248

36. Marsden AK, Ng GA, Dalziel K, Cobbe SM. When is it futile for ambulance personnel to initiate cardio-

pulmonary resuscitation? BMJ. 1995; 311(6996):49–51. https://doi.org/10.1136/bmj.311.6996.49

PMID: 7613330

PLOS ONE The predictive performance of termination-of-resuscitation rules in in Asian

PLOS ONE | https://doi.org/10.1371/journal.pone.0270986 August 10, 2022 13 / 14

https://doi.org/10.1016/j.resuscitation.2018.06.026
http://www.ncbi.nlm.nih.gov/pubmed/29940294
https://doi.org/10.1016/j.annemergmed.2017.01.030
http://www.ncbi.nlm.nih.gov/pubmed/28302424
https://doi.org/10.1136/emermed-2018-207833
https://doi.org/10.1136/emermed-2018-207833
http://www.ncbi.nlm.nih.gov/pubmed/31142552
https://doi.org/10.1016/j.jemermed.2017.05.025
http://www.ncbi.nlm.nih.gov/pubmed/28843461
https://doi.org/10.1016/j.resuscitation.2012.05.027
http://www.ncbi.nlm.nih.gov/pubmed/22705831
https://doi.org/10.1136/emermed-2013-203289
http://www.ncbi.nlm.nih.gov/pubmed/24317286
https://doi.org/10.1017/s1049023x00000650
http://www.ncbi.nlm.nih.gov/pubmed/14694898
https://doi.org/10.1056/NEJMoa052620
https://doi.org/10.1056/NEJMoa052620
http://www.ncbi.nlm.nih.gov/pubmed/16885551
https://doi.org/10.1016/j.annemergmed.2005.05.012
https://doi.org/10.1111/j.1553-2712.2008.00110.x
http://www.ncbi.nlm.nih.gov/pubmed/18616436
https://doi.org/10.1016/j.annemergmed.2008.11.012
https://doi.org/10.1016/j.annemergmed.2008.11.012
http://www.ncbi.nlm.nih.gov/pubmed/19157652
https://doi.org/10.1001/jama.300.12.1432
https://doi.org/10.1001/jama.300.12.1432
http://www.ncbi.nlm.nih.gov/pubmed/18812534
https://doi.org/10.1016/j.resuscitation.2010.01.033
https://doi.org/10.1016/j.resuscitation.2010.01.033
http://www.ncbi.nlm.nih.gov/pubmed/20381229
https://doi.org/10.1161/CIR.0000000000000144
http://www.ncbi.nlm.nih.gov/pubmed/25391522
https://doi.org/10.1161/01.cir.84.2.960
http://www.ncbi.nlm.nih.gov/pubmed/1860248
https://doi.org/10.1136/bmj.311.6996.49
http://www.ncbi.nlm.nih.gov/pubmed/7613330
https://doi.org/10.1371/journal.pone.0270986


37. Shin SD, Ong ME, Tanaka H, Ma MH, Nishiuchi T, Alsakaf O, et al. Comparison of emergency medical

services systems across Pan-Asian countries: a Web-based survey. Prehosp Emerg Care. 2012; 16

(4):477–496. https://doi.org/10.3109/10903127.2012.695433 PMID: 22861161
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