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Abstract
Background: The International Liaison Committee on Resuscitation (ILCOR) Research and Registries Working Group previously reported data on

systems of care and outcomes of out-of-hospital cardiac arrest (OHCA) in 2015 from 16 national and regional registries. To describe the temporal

trends with updated data on OHCA, we report the characteristics of OHCA from 2015 through 2017.

Methods: We invited national and regional population-based OHCA registries for voluntary participation and included emergency medical services

(EMS)-treated OHCA. We collected descriptive summary data of core elements of the latest Utstein style recommendation during 2016 and 2017 at

each registry. For registries that participated in the previous 2015 report, we also extracted the 2015 data.

Results: Eleven national registries in North America, Europe, Asia, and Oceania, and 4 regional registries in Europe were included in this report.

Across registries, the estimated annual incidence of EMS-treated OHCA was 30.0–97.1 individuals per 100,000 population in 2015, 36.4–97.3 in

2016, and 40.8–100.2 in 2017. The provision of bystander cardiopulmonary resuscitation (CPR) varied from 37.2% to 79.0% in 2015, from 2.9%

to 78.4% in 2016, and from 4.1% to 80.3% in 2017. Survival to hospital discharge or 30-day survival for EMS-treated OHCA ranged from 5.2%

to 15.7% in 2015, from 6.2% to 15.8% in 2016, and from 4.6% to 16.4% in 2017.

Conclusion: We observed an upward temporal trend in provision of bystander CPR in most registries. Although some registries showed favourable

temporal trends in survival, less than half of registries in our study demonstrated such a trend.
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ical services (EMS)-treated OHCA across nations in North America,

Introduction

Out-of-hospital cardiac arrest (OHCA) is a major public health bur-

den worldwide. The estimated annual incidence of emergency med-
Europe, Asia, and Oceania ranges from 28 to 244 per 100,000 pop-

ulation.1–3 Survival after OHCA remains low across the geographic

regions — 3.1% to 20.4% of patients who underwent resuscitation
ida
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treated by EMS providers survived to hospital discharge or for

30 days.2,3

A standardised template for reporting performance and outcomes

of OHCA, Utstein style was initially developed at a conference at

Utstein Abbey in Norway in 1990.4–9 The International Liaison Com-

mittee on Resuscitation (ILCOR) was subsequently formed in 1992

and has updated the Utstein template for OHCA in 2004 and

2015.10–13 The Utstein process and collaborations have globally con-

tributed to better understanding of the epidemiology of OHCA, facil-

itating inter- and intra-system comparisons, identifying knowledge

gaps, supporting clinical research, and improving systems of

care.5,7,8,14 As the ILCOR Research and Registries Working Group,

we previously reported data on systems of care and outcomes of

OHCA in 2015 from nine national and seven regional registries.2

To describe the temporal trends with updated data on OHCA, this

article reports the characteristics of OHCA from 2015 through 2017

from national and regional registries across the world.

Methods

Targeted registries

The ILCOR Research and Registries Working Group invited national

and regional OHCA registries that participated previously and,

through the ILCOR network extended the invitation to registries that

were not included in the previous report via current participated reg-

istries’ network.2 Participation in this project was voluntary. We

included population-based registries, which covered all cases with

EMS-treated OHCA in each area. We defined a national registry

as collecting data from the whole nation or multiple regions within

one nation designed to represent the entire nation; other registries

were designated as regional registries.2

Data collection

As previously reported, we conducted a survey to assess which core

elements of the latest Utstein style recommendation for OHCA were

collected by each registry.2,10,11 Based on the availability of the data

in the registries, we additionally collected descriptive summary data

in 2016 and 2017 from each registry.

The elements of the collected summary data included system

description (the total population of the covered area in each registry,

proportion of the covered population among each nation’s popula-

tion, annual number of EMS-treated OHCA, number of dispatcher

cardiopulmonary resuscitation [CPR] instruction episodes), patient

variables (age, sex, number of bystander and EMS witnessed arrest,

arrest location, bystander CPR, bystander automated external defib-

rillator [AED] use and shock delivery, first monitored shockable

rhythm, and pathogenesis), process elements (response time [time

from incoming call to EMS arrival on scene, time from incoming call

to initiation of CPR by EMS providers, time from incoming call to the

first shock delivery by EMS providers, time from incoming call to hos-

pital arrival], number of cases with targeted temperature manage-

ment [TTM], number of cases with drug [adrenaline and

amiodarone] administration during resuscitation), and patient out-

comes.2 Patient outcomes were 30-day survival or survival to hospi-

tal discharge, and favourable functional outcome at hospital

discharge or 30 days for both EMS-treated OHCA and bystander-

witnessed shockable OHCA. Favourable functional outcome was

defined as Cerebral Performance Category (CPC) score of 1 or 2,
or modified Rankin Scale score � 3 following the Utstein recommen-

dation.10,11 We used a secured electronic database, Research Elec-

tronic Data Capture (RED Cap) for data collection and data

management.

Statistical analysis

We calculated the estimated annual incidence of EMS-treated

OHCA at each registry, using the annual number of EMS-treated

OHCAs as the numerator and the total population of the area cov-

ered as the denominator. When a registry collected types of

bystander CPR, i.e., conventional CPR with rescue breathing or

chest compression-only CPR, we presented the proportion of

patients who received each type of bystander CPR among EMS-

treated OHCAs in the registry.2,10,11 When we calculated the pro-

portion of those who received dispatcher CPR instruction and

bystander responses (bystander CPR, bystander AED use and

shock delivery), we excluded EMS-witnessed OHCA from the

denominators as these patients do not have the opportunity to

have these interventions.2 Our definition of bystanders included

anyone who started CPR or used an AED before EMS arrival

and could include volunteer responders or off-duty clinicians

(e.g., an off-duty paramedic). But we excluded professionals who

used AED on duty (e.g., on-duty police, on-duty border patrol)

before EMS arrival. For a registry that participated in the previous

ILCOR Research and Registry report, we also showed the 2015

data in the registry for comparison.2

Results

Overall results

We obtained summary data of OHCA systems of care and outcomes

from 2015 through 2017 from 15 national and regional OHCA reg-

istries across the world. As detailed below, we observed an upward

temporal trend in the provision of bystander CPR in the majority of

registries, with variations in the provision of bystander CPR across

registries. Although some registries exhibited favourable temporal

trends in survival, less than half of registries demonstrated such a

trend from 2016 to 2017 for both all EMS-treated OHCA and

bystander-witnessed shockable OHCA.

System of participated registries

Eleven national registries in North America, Europe, Asia and Ocea-

nia, and four regional registries in Europe were included (Table 1).

The national registries covered 25.0% to 100% of the population of

each nation in 2015, 9.1% to 100% in 2016, and 11.0% to 100% in

2017. Five national registries in 2015, six registries in 2016, and eight

registries in 2017 covered the nation’s whole population. The esti-

mated annual incidence of EMS-treated OHCA was 30.0–97.1 indi-

viduals per 100,000 population in 2015, 36.4–97.3 individuals per

100,000 population in 2016 and 40.8–100.2 individuals per

100,000 population in 2017 (Fig. 1).

Dispatcher

The number of dispatcher CPR instruction events was available from

three national and one regional registry in 2015, and collected from

five national and two regional registries in 2016 and 2017. 12.2%-

59.4% of OHCA in 2015, 13.7%-60.7% in 2016, and 20.5%-61.8%

in 2017 received dispatcher CPR instructions (Table 1).



Table 1 – Summary data in Utstein core elements (system and dispatch).

Name of registries Country Total population of covered area of the

registry

Proportion of population

in covered area of the

registry among the

country’s population

Annual number of treated

resuscitaion

Annual number of dispatcher

CPR instruction*, n (%)

2015 2016 2017 2015 2016 2017 2015 2016 2017 2015 2016 2017

National/International Registries

Cardiac Arrest Registry to Enhance

Survival (CARES)

United States 85,000,000 88,673,688 102,631,321 25.0% 27.4% 31.5% 52,902 61,647 76,215 N/A N/A N/A

Danish Cardiac Arrest Registry Denmark 5,627,235 5,707,251 5,748,769 100% 100% 100% 3647 5099 5345 N/A N/A N/A

Norwegian Cardiac Arrest Registry Norway 4,793,741 5,220,143 5,295,619 93.0% 99.7% 100% 2320 2791 2772 N/A 1,374

(57.5)

1,453

(61.4)

Out-of-hospital Cardiac Arrest outcomes

(OHCAO)

United

Kingdom

54,646,932 50,032,458 50,359,436 83.9% 76.2% 76.3% 28,914 27,942 28,414 N/A N/A N/A

Australian Resuscitation Outcomes

Consortium (Aus-ROC)

Australia 15,215,358 16,001,900 24,770,700 64.0% 68.0% 100% 7120 7701 10,964 N/A N/A N/A

Australian Resuscitation Outcomes

Consortium (Aus-ROC)

New Zealand 4,663,700 4,767,600 4,859,500 100% 100% 100% 2305 2369 2556 N/A N/A N/A

Pan-Asian Resuscitation Outcomes

Study (PAROS)

Singapore 5,535,002 5,607,283 5,612,253 100% 100% 100% 2322 2470 2807 1250

(59.2)

936

(42.2)

1,171

(45.8)

Korea OHCA registry (KOHCAR) South Korea 51,069,375 51,230,704 51,112,971 97.0% 100% 100% 27,656 27,122 27,080 10,432

(40.5)

11,946

(47.4)

12,281

(49.4)

Utstein Japan Japan 127,094,745 126,932,772 126,706,210 100% 100% 100% 123,421 123,554 127,018 67,488

(59.4)

69,055

(60.7)

72,396

(61.8)

Deutsches Reanimations register -

German Resuscitation Registry

Germany – 7,509,320 9,106,900 – 9.1% 11.0% – 5214 6066 – 1,043

(47.7)

1,227

(46.0)

OHCAR Ireland 4,635,400 4,747,976 4,747,976 100% 100% 100% 2150 2256 2200 N/A N/A N/A

Regional Registries

Pavia Cardiac Arrest Registry (Pavia

CARe)

Italy 547,435 547,946 547,251 1.0% 0.9% 0.9% 490 441 472 50

(12.2)

50

(13.7)

82

(20.5)

Ticino Registry of Cardiac Arrest Switzerland 350,363 351,946 354,375 4.2% 4.2% 4.2% 247 221 244 N/A 115

(57.2)

107

(51.0)

Sudden Death Expertise Center registry

(SDEC)

France 6,800,000 6,600,000 6,600,000 10.0% 10.0% 10.0% 2040 2403 2690 N/A N/A N/A

Utstein Bosnia and Herzegovina Bosnia and

Herzegovina

– 417,498 529,521 – 12.0% 15.0% – 315 344 – N/A N/A

OHCA denotes out-of-hospital cardiac arrest, CPR; cardiopulmonary resuscitation, EMS; emergency medical services.
* We excluded EMS-witnessed OHCA from the denominators.
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Fig. 1 – Temporal trend of estimated incidence of EMS treated OHCA per 100,000 population.

A) National/International Registries, B) Regional Registries.

EMS denoted emergency medical services; OHCA; out-of-hospital cardiac arrest.
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Patient variables

Patient variables are described in Table 2 and Fig. 2. All 15 registries

collected patient age and sex in 2016 and 2017. Location variable

was available from 11 registries in 2015 and collected from 14 reg-

istries in 2016 and 2017. AED use was documented by nine reg-

istries in 2015 and by 10 registries in 2016 and 2017, and

bystanders used an AED in 2.0% to 18.5% of OHCA in 2015, 0%

to 19.4% in 2016 and 0% to 20.9% in 2017. Bystander AED shock

delivery was available in 10 registries in 2015 and 13 in 2016 and

2017. 0.5% to 6.3% of OHCA in 2015, 0% to 8.8% in 2016, and

0% to 7.7% in 2017 received bystander AED shock delivery. First

monitored shockable rhythm ranged from 6.5% to 36.5% of OHCA

in 2015, from 6.6% to 34.7% in 2016, and from 6.5% to 35.8% in

2017. The majority of OHCAs were of medical origin in all registries.

Bystander CPR was collected by 13 registries in 2015 and 15 in 2016

and 2017. Type of bystander CPR available was from three registries

in 2015 and five in 2016 and 2017. The provision of bystander CPR

varied from 37.2% to 79.0% in 2015, from 2.9% to 78.4% in 2016,

and from 4.1% to 80.3% in 2017. The provision of bystander CPR

increased in most areas, and five of 15 registries showed that

bystander CPR was started in more than 70% of patients in 2017

(Fig. 2).

Process

Process elements are presented in Table 3. EMS response time was

available in 11 registries in 2015 and 14 in 2016 and 2017.

Outcome

Patient outcomes are listed in Fig. 3.1, Fig. 3.2, and the supplemen-

tal table. Either survival to hospital discharge or 30-day survival for

EMS-treated OHCA ranged from 5.2% to 15.7% in 2015, from
6.2% to 15.8% in 2016, and from 4.6% to 16.4% in 2017. Favourable

functional outcome at hospital discharge or 30 days for EMS-treated

OHCA ranged from 3.2% to 8.4% in 2015, from 3.9% to 12.7% in

2016, and from 3.2% to 15.6% in 2017. Either survival to hospital dis-

charge or 30-day survival for bystander-witnessed shockable OHCA

ranged from 20.5% to 43.6% in 2015, from 22.7% to 47.4% in 2016,

and from 20.3% to 46.2% in 2017, and reached around 30% in most

areas in 2017. The estimated incidence of either discharged alive or

30-day survival per 100,000 population was 1.0–3.8, 1.2–5.3, and

1.1–5.1 in 2015, 2016, and 2017, respectively (Supplementary data).

Favourable functional outcome at hospital discharge or 30 days for

bystander-witnessed shockable OHCA ranged from 14.3% to

29.9% in 2015, 16.6% to 42.1% in 2016, and, 15.9% to 37.0% in

2017, and reached over 30% in three areas in 2017.
Discussion

This ILCOR Research and Registries Working Group Report pre-

sents summary data of OHCA systems of care and outcomes from

2015 through 2017 at 15 national and regional OHCA registries

worldwide. There was an upward temporal trend in the provision of

bystander CPR in most, but not all, registries. Although some reg-

istries showed favourable temporal trends in survival, less than half

of registries in our study demonstrated such a trend from 2016 to

2017 for both all EMS-treated OHCA and bystander-witnessed

shockable OHCA.

For all EMS-treated OHCA, we observed a 2.5-fold difference

(6.2% to 15.8%) in survival to hospital discharge or 30 day survival

in 2016 and a 3.6-fold difference (4.6% to 16.4%) in the survival out-

come in 2017. Similarly, for favourable functional outcome at hospital



Table 2 – Summary data for all EMS treated OHCA in Utstein core elements (patient).

Country Age Median (IQR) Male, n (%) Witnessed arrest, n (%)

Bystander witnessed EMS witnessed

2015 2016 2017 2015 2016 2017 2015 2016 201 2015 2016 2017

National/International Registries

United States 64 (52, 77) 64 (52, 76) 64 (52, 76) 32,255

(61.0)

38,039

(61.7)

47,248

(62.0)

19,558

(37.0)

23,011

(37.3)

27, 7

(36 )

6,346

(12.0)

7,445

(12.1)

9,380

(12.3)

Denmark 73 (62, 82) 72 (62, 82) 73 (62, 82) 2,317

(63.5)

3,110

(63.6)

3,239

(63.1)

1,431

(45.0)

2,274

(50.4)

2.3

(49 )

451

(12.7)

552

(10.9)

534

(10.0)

Norway N/A 68 (56, 79) 69 (57, 79) 1,532

(66.7)

1,865

(66.8)

1,880

(67.8)

1,183

(51.5)

1,392

(49.9)

1,3

(49 )

292

(12.7)

400

(14.3)

407

(14.7)

United Kingdom 72.6

(58.2, 82.7)

71.8

(57.2, 82.0)

71.5

(57.6, 81.8)

17,626

(63.3)

17,551

(62.8)

18,079

(63.6)

10,742

(46.6)

9,688

(46.6)

11, 3

(48 )

3,512

(15.2)

2,706

(13.0)

3,311

(14.3)

Australia 65 (48, 78) 65 (48, 78) 65 (49, 77) 4,863

(68.3)

5,239

(68.0)

7,381

(67.4)

2,687

(37.7)

3,137

(40.7)

4,5

(41 )

1,081

(15.2)

1,164

(15.1)

1,663

(15.2)

New Zealand 66 (52, 77) 65 (52, 76) 65 (52, 76) 1,540

(66.8)

1,671

(70.5)

1,743

(68.1)

1,179

(51.1)

1,102

(46.5)

1,2

(47 )

354

(15.4)

343

(14.5)

400

(15.7)

Singapore 67 (56, 77) 69 (56, 80) 70 (58, 82) 1,512

(65.1)

1,568

(63.5)

1,758

(62.6)

1,253

(54.0)

1,252

(50.7)

1,6

(57 )

212

(9.1)

251

(10.2)

252

(9.0)

South Korea 69 (54, 79) 69 (54, 79) 69 (55, 80) 17,884

(64.7)

17,486

(64.5)

17,608

(65.0)

10,472

(37.9)

10,416

(38.4)

10, 8

(37 )

1,911

(6.9)

1934

(7.1)

2,227

(8.2)

Japan 79 (67, 86) 79 (68, 87) 80 (68, 87) 70,421

(57.1)

70,483

(57.0)

72,509

(57.1)

51,125

(41.4)

51,968

(42.1)

52, 9

(41 )

9,862

(8.0)

9,771

(7.9)

9,939

(7.8)

Germany – 72 (61, 83) 72 (61, 83) – 3,401

(65.2)

3,947

(65.1)

– 2,186

(41.9)

2,6

(43 )

– 695

(13.3)

854

(14.1)

Ireland 67 (53, 78) 67 (52, 78) 68 (53, 79) 1,472

(68.5)

1,486

(65.9)

1,475

(67.0)

1,031

(48.0)

1,088

(48.2)

1,2

(56 )

178

(8.3)

178

(7.9)

175

(8.0)

Regional Registries

Italy 79 (66, 85) 76 (65, 84) 78 (64, 86) 297 (60.6) 259 (58.7) 290 (61.4) 276 (56.3) 249 (56.5) 278 58.9) 79 (16.1) 76 (17.2) 72 (15.3)

Switzerland 74 (62, 83) 74 (62, 83) 72 (60, 80) 159 (64.4) 149 (67.4) 154 (63.1) 131 (53.0) 134 (60.6) 131 53.7) 25 (10.1) 20 (9.0) 34 (13.9)

France 66 (54, 78) 65 (53, 78) 65 (52, 78) 1,344 (65.9) 1,665 (69.3) 1,768 (65.7) 1,274 (62.5) 1,698 (70.7) 1,8 (70.3) 251

(12.3)

325

(13.5)

363

(13.5)

Bosnia and

Herzegovina

– 66 (57, 75) 64 (53, 75) – 199 (63.2) 226 (65.7) – N/A N/A – 7 (2.2) 25 (7.3)

(continued on next page)
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Table 2 (continued)

Country Location, n (%) AED use by bystander*, n (%) First monitored shoc ble rhythm,

n (%)

Pathogenesis, n (%)

Home/residence AED use Shock delivered Medical

2015 2016 2017 2015 2016 2017 2015 2016 2017 2015 2016 2017 2015 2016 2017

National/International Registries

United States 36,733

(69.4)

42,221

(68.5)

53,240

(69.8)

2,866

(6.2)

3,511

(6.5)

4,589

(6.9)

893

(1.9)

1,049

(1.9)

1,199

(1.8)

10,594

(20.0)

12,217

(19.8)

14,019

(18.4)

45,243

(85.5)

51,763

(84.0)

62,171

(81.6)

Denmark 2,691

(75.2)

3,732

(73.5)

3,953

(74.2)

N/A N/A N/A 142

(4.6)

395

(8.8)

367

(7.7)

607

(17.6)

793

(16.3)

837

(16.3)

N/A N/A N/A

Norway 1,402

(61.0)

1,690

(60.6)

1,735

(62.6)

256

(12.8)

304

(12.7)

324

(13.7)

N/A 79

(3.3)

86

(3.6)

575

(25.0)

656

(23.5)

656

(23.7)

1659

(72.2)

2,387

(85.5)

2,389

(86.2)

United Kingdom N/A 6,756

(77.5)

8,948

(72.3)

443

(2.5)

756

(4.0)

876

(4.5)

N/A N/A N/A 5,762

(21.3)

5,521

(20.5)

5,862

(20.9)

18,831

(92.3)

21,858

(92.1)

22,244

(91.3)

Australia 4,741

(66.6)

5,379

(69.8)

7,818

(71.3)

N/A N/A N/A 87

(1.6)

101

(1.7)

232

(2.5)

1,757

(24.7)

1,875

(24.3)

2,839

(25.9)

5,765

(81.0)

6,187

(80.3)

9,087

(82.9)

New Zealand 1,554

(67.4)

1,644

(69.4)

1,802

(70.5)

N/A N/A N/A 52

(2.7)

81

(4.0)

113

(5.2)

834

(36.5)

822

(34.7)

928

(36.3)

2,066

(89.6)

2,035

(85.9)

2,316

(90.5)

Singapore 1,649

(71.0)

1,828

(74.0)

2,110

(75.2)

90

(4.3)

110

(5.0)

178

(7.0)

34

(1.6)

41

(1.8)

69

(2.7)

377

(16.2)

432

(17.5)

419

(14.9)

2,211

(95.2)

2,349

(95.1)

2,688

(95.8)

South Korea 16,089

(58.2)

15,457

(57.0)

15,318

(56.6)

518

(2.0)

581

(2.3)

525

(2.1)

117

(0.5)

116

(0.5)

133

(0.5)

3,591

(13.0)

3,795

(14.0)

3,720

(13.7)

20,309

(73.4)

20,329

(75.0)

20,400

(75.3)

Japan N/A N/A N/A N/A NA NA 1,815

(1.6)

1,968

(1.7)

2,102

(1.8)

8,039

(6.5)

8,192

(6.6)

8,209

(6.5)

92,107

(74.6)

82,547

(66.8)

85,740

(67.5)

Germany – 3,264

(62.6)

3,759

(62.0)

– 58

(2.7)

80

(3.0)

– 20

(0.9)

37

(1.4)

– 1,230

(23.6)

1,418

(23.4)

– 4,139

(79.4)

4,780

(78.8)

Ireland 1,483

(69.0)

1,514

(67.1)

1,508

(68.5)

334

(15.5)

386

(17.4)

423

(20.9)

131

(6.0)

134

(6.0)

132

(6.5)

450

(20.9)

501

(22.2)

440

(20.0)

1,898

(88.3)

1,944

(86.2)

1,900

(86.4)

Regional Registries

Italy 393

(80.2)

360

(81.6)

360

(76.3)

9

(2.2)

8

(2.2)

17

(4.3)

4

(1.0)

5

(1.4)

6

(1.5)

84

(17.1)

83

(18.8)

91

(19.3)

461

(94.1)

410

(93.0)

436

(92.4)

Switzerland 167

(67.6)

158

(71.5)

150

(61.5)

41

(18.5)

39

(19.4)

40

(19.0)

14

(6.3)

13

(6.5)

13

(6.2)

45

(18.2)

47

(21.3)

63

(25.8)

198

(80.2)

193

(87.3)

209

(85.7)

France 1,511

(74.1)

1674

(69.7)

1894

(70.4)

35

(2.0)

56

(2.7)

51

(2.2)

N/A N/A N/A 552

(27.1)

569

(23.7)

606

(22.5)

N/A 1975

(82.2)

2136

(79.4)

Bosnia and

Herzegovina

– 230

(73.0)

219

(63.7)

– 0 0 – 0 0 – 105

(33.3)

114

(33.1)

– 302

(95.9)

306

(89.0)

IQR denotes interquartile range; EMS: emergency medical services; AED: automated external defibrillator.
* We excluded EMS-witnessed OHCA from the denominators.
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Fig. 2 – Temporal trend of bystander CPR among patients treated by EMS (we excluded EMS-witnessed OHCA from

the denominators).

A) National/International Registries, B) Regional Registries.

CC-CPR denoted chest compression-only CPR, CPR; cardiopulmonary resuscitation, OHCA; out-of-hospital cardiac

arrest, EMS; emergency medical services.
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discharge or 30 days, we found a 3.3-fold difference (3.9% to 12.7%)

in 2016 and a 4.9-fold difference (3.2% to 15.6%) in 2017. For

bystander-witnessed shockable OHCA, we found a 2.1-fold differ-

ence (22.7% to 47.4%) in the survival outcome in 2016 and a 2.3-

fold difference (20.3% to 46.2%) in 2017. For favourable functional

outcome for bystander-witnessed shockable OHCA, there was a

2.5-fold difference (16.6% to 42.1%) in 2016 and a 2.3-fold difference

(15.9% to 37.0%) in 2017. The Utstein template recommends

bystander-witnessed shockable OHCA as a comparator group to

measure EMS system efficacy because this group is less heteroge-

neous than all EMS-treated OHCAs.10,11 In line with previous studies

reporting that patient demographics, arrest characteristics, bystan-

der and EMS responses, and hospital characteristics can partially

explain the variation in patient outcomes after OHCA,15–21 these fac-

tors could contribute to the outcome variation. Among patients for

whom EMS providers were dispatched and confirmed OHCA

(EMS-assessed OHCA), patients receiving resuscitation attempts

vary widely across regions. For example, in Asia, 98.2% to 99.0%

of EMS-assessed OHCA received resuscitation attempts by EMS

providers,22,23 while, in North America, Europe, and Oceania,

40.1% to 66.9% of EMS-assessed OHCA received resuscitation

attempts, which may reflect differences in EMS systems, implemen-

tation of living wills, and culture across regions.1,24,25 This difference

in attempting resuscitation for EMS-assessed OHCAs may also be

contributing to the regional variation in survival and favourable func-

tional outcome. The discrepancies between the incidence of EMS

treated OHCA and survival per 100,000 population observed in this
study (e.g., high incidence of EMS treated OHCA and low incidence

of survivors in Japan) might be partially explained by this difference

of each regional EMS systems.

From 2016 to 2017, seven registries showed an increase in the

survival from all EMS-treated OHCAs and eight registries showed

a decrease. For bystander-witnessed shockable OHCA, seven reg-

istries showed an increase and seven registries showed a decrease

in survival. Although previous studies showed improving temporal

trends of patient outcomes after OHCA across multiple nations and

regions,26–34 less than half of registries in our study demonstrated

an increase in survival from 2016 to 2017 for both all EMS-treated

OHCA and bystander-witnessed shockable OHCA. Although the

trend in a two-year period without accounting for confounders makes

direct comparison difficult, the findings may imply an opportunity for

further process improving interventions in each link of the chain of

survival.

From 2016 to 2017, 11 registries showed an increase and four

registries a decrease in the provision of bystander CPR. We

observed a 27.0-fold difference in the provision of bystander CPR

in 2016 (2.9% to 78.4%) and a 19.6-fold difference (4.1% to

80.3%) in 2017. Since some nations and regions showed a high inci-

dence of provision of bystander CPR and AED use, there may be an

opportunity to learn from these exemplars. System performance

improvement with multifaceted interventions in training of bystander

CPR and dispatchers was previously associated with increased pro-

vision of bystander CPR and improved patient outcomes.35–37 Most

recently, Taipei in Taiwan reported that provision of bystander CPR



Table 3 – Summary data for all EMS treated OHCA in Utstein core elements (process).

Country Median Time from call to EMS

arrival on scene, minute, median

(IQR)

The time interval from incoming call to

initiation of EMS CPR, minute, median

(IQR)

Median Time from call to shock by EMS,

minute, median (IQR)

The time interval from incoming call to

hospital arrival*, minute, median (IQR)

2015 2016 2017 2015 2016 2017 2015 2016 2017 2015 2016 2017

National/International Registries

United States 7.1

(5.1, 10.0)

7.1

(5.1, 10.0)

7.3

(5.3, 10.1)

N/A N/A N/A N/A N/A N/A 40.0

(31.4, 51.0)

37.6

(30.0. 45.5)

38.3

(31.0. 46.4)

Denmark N/A 7.0

(5.0, 10.0)

7.0

(5.0, 10.0)

N/A N/A N/A N/A N/A N/A N/A N/A N/A

Norway 9.0

(6.0, 14.0)

9.0

(7.0, 14.0)

9.0

(6.0, 13.0)

N/A NA NA N/A N/A N/A N/A N/A N/A

United Kingdom 6.1

(3.8, 9.3)

6.4

(4.0, 9.8)

6.5

(4.0, 10.0)

N/A N/A N/A N/A N/A N/A N/A N/A N/A

Australia 8.0

(6.0, 11.0)

8.0

(6.0, 11.0)

8.0

(6.0, 12.0)

N/A N/A N/A N/A N/A N/A 65.0

(49.2, 88.2)

68.0

(52.0, 87.4)

61.0

(47.0, 82.0)

New Zealand 9.0

(7.0, 13.0)

8.0

(6.0, 12.2)

9.0

(6.9, 12.7)

N/A NA NA N/A N/A N/A 58.0

(43.0, 79.0)

59.0

(45.0, 80.7)

62.0

(45.7, 85.3)

Singapore 9.0

(7.1, 11.5)

8.2

(6.4, 10,4)

8.3

(6.8, 10.3)

12.3

(10.1, 15.5)

12.0

(9.8, 15.4)

12.6

(10.1, 15.8)

16.6

(12.7, 23.9)

15.3

(12.1, 21.2)

15.6

(12.0, 21.7)

37.7

(33.0, 42.8)

38.2

(33.5, 43.2)

38.8

(33.8, 44.6)

South Korea 7.0

(5.0, 10.0)

7.0

(5.0,10.0)

7.0

(5.0, 10.0)

9

(6, 12)

9.0

(7.0, 13.0)

9.0

(7.0, 13.0)

10.0

(9.0, 14.0)

12.0

(9.0, 19.0)

12.0

(9.0, 19.0)

26.0

(21.0, 33.0)

28.0

(22.0, 36.0)

28.0

(23.0, 36.0)

Japan 7.0

(6.0, 9.0)

7.0

(6.0, 9.0)

7.0

(6.0, 9.0)

9.0

(7.0, 12.0)

9.0

(7.0, 12.0)

9.0

(7.0, 12.0)

12.0

(9.0, 20.0)

12.0

(9.0, 20.0)

12.0

(9.0, 20.0)

32.0

(26.0, 40.0)

32.0

(26.0, 40.0)

32.0

(26.0, 40.0)

Germany – 7.0

(2.0, 9.0)

7.0

(2.0, 9.0)

– 8.0

(4.0, 12.0)

8.0

(4.0, 12.0)

– 11.0

(8.0, 14.0)

11.0

(8.0, 14.0)

– 63.0

(50.0, 76.0)

63.0

(50.0, 76.0)

Ireland 13.0

(9.0, 20.0)

13.0

(8.0, 19.0)

12.0

(8.0, 19.0)

NA NA NA NA NA NA 51.0

(37.0, 70.0)

54.0

(40.0, 72.0)

56.0

(41.0, 79.0)

Regional Registries

Italy 11.0

(8.0, 14.0)

10.0

(8.0, 13.0)

10.0

(8.0, 14.0)

13.0

(10, 21)

12.0

(9.0, 14.7)

11.0

(8.0, 15.0)

15.0

(11.0, 26.0)

15.0

(11.0, 25.5)

15.5

(11.0, 25.5)

66.0

(51.0, 87.0)

66.0

(51.0, 87.0)

69.5

(48.5, 87.0)

Switzerland 9.0

(6.0, 12.0)

9.0

(7.0, 13.0)

9.0

(7.0, 13.0)

N/A 10.0

(8.0,14.0)

10.0

(8.0,14.0)

11.0

(9.0, 15.0)

13.0

(10.0, 19.0)

14.0

(10.0, 18.0)

66.0

(49.0, 79.0)

59.0

(51.0, 81.0)

64.0

(49.0, 80.0)

France N/A 10.0

(8.0, 13.0)

9.0

(7.0, 12.0)

N/A N/A N/A N/A N/A N/A N/A N/A N/A

Bosnia and Herzegovina– 14.5

(0, 29.0)

12.1

(0, 32.0)

– 14.5

(0, 29.0)

12.1

(0, 32.0)

– 14.5

(1.0, 30.0)

12.6

(1.0, 33.9)

– 29.5

(15.0, 74.0)

22.1

(17, 59.0)
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increased from 16.5% in 2008–2009 to 48.7% in 2016–2017, along

with system-wide initiatives to optimise the community chain of

survival. Survival to hospital discharge improved from 5.4% in

2008–2009 to 10.1% in 2016–2017. The system-wide initiatives

include public-access AED implementation, web-based cardiac

arrest registry development, public promotion of CPR and AED

use, regionalised cardiac arrest care, and several other quality

improvement initiatives.38,39 This current knowledge highlights the

importance of a scientific statement from the ILCOR and American

Heart Association on the implementation of cardiac resuscitation

systems of care that consist of interconnected community, EMS,

and hospital efforts to measure and improve process and outcome

of care for patients with cardiac arrest.40,41 Recent studies have

shown that smart phone activation of volunteer responders is asso-

ciated with increased likelihood of receiving bystander CPR and

AED shock delivery.42,43 This innovative technology may increase

the number of responding lay rescuers and be an essential tool to

shorten the time to CPR and shock delivery.44,45 Indeed, barriers

for lay rescuers should also be identified and addressed to optimise

the delivery of life-saving interventions.46

A critical step for any quality improvement programme to improve

patient outcomes after OHCA is measuring and giving feedback on

performance. Our results demonstrate that, to date, multiple national

and regional OHCA registries are collecting data, using the standard-

ised template. We intend to increase the number of participating reg-

istries and extend the scope to in-hospital cardiac arrest.

This report has several limitations. First, since we collected

descriptive summary data, not patient-level data from each registry,

our results have not been adjusted for confounders. Second, we

relied on the data validation undertaken by each registry. As with

all epidemiologic data, data integrity is a potential limitation. The

varying incidences of OHCA may be due to differences in registra-

tion. The increase in both OHCA incidence and bystander CPR but

unchanged frequency of shockable rhythm, as seen in Denmark

and Singapore, may reflect increasing completeness of OHCA regis-

tration47 or it might be due to a dilution effect since more bystander

CPR could lead to a higher influx to the register. Third, although we

attempted to include as many registries as possible, we were unable

to include all population-based OHCA registries, and external validity

to other regions and nations is a limitation. As we studied registries

that have a dynamic denominator (e.g., growth of their population

base) maximum of 3 years, it makes the determination of trends

uncertain.

Conclusion

We observed an upward temporal trend in provision of bystander

CPR in most OHCA registries. Although some registries showed

favourable temporal trends in survival, less than half of registries in

our study demonstrated such a trend. It appears there is opportunity

for further process-improving interventions in each link of the chain of

survival.
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Fig. 3.1 – Temporal trend of survival and favourable functional outcome among all EMS treated OHCA including EMS

witnessed.

A) National/International Registries, B) Regional Registries *Reported 30-day survival.

EMS denoted emergency medical services; OHCA; out-of-hospital cardiac arrest.

Fig. 3.2 – Temporal trend of survival and favourable functional outcome among shockable bystander witnessed

excluding EMS witnessed.

A) National/International Registries, B) Regional Registries *Reported 30-day survival.

EMS denoted emergency medical services; OHCA; out-of-hospital cardiac arrest.
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