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Abstract
Background: Out-of-hospital cardiac arrest is a common cause of morbidity and mortality, and ethnic variation in outcomes is recognised. We

investigated ethnic and socioeconomic differences in arrest circumstances, rates of coronary artery disease, treatment, and outcomes in resusci-

tated OOHCA.

Methods: Patients with resuscitated OOHCA of suspected cardiac aetiology were included in the King’s Out-of-Hospital Cardiac Arrest Registry

between 1-May-2012 and 31-December-2020.

Results: Of 526 patients (median age 62.0 years, IQR 21.1, 74.1% male), 414 patients (78.7%) were White, 35 (6.7%) were Asian, and 77 (14.6%)

were Black. Black patients had more co-existent hypertension (p = 0.007) and cardiomyopathy (p = 0.003), but less prior coronary revascularisation

(p = 0.026) compared with White/Asian patients. There were no ethnic differences in location, witnesses, or bystander CPR, but Black patients had

more non-shockable rhythms (p < 0.001). Black patients received less immediate coronary angiography (p < 0.001) and percutaneous coronary

intervention (p < 0.001) but had lower rates of CAD (p = 0.004) than White/Asian patients. All-cause mortality at 12 months was highest amongst

Black patients, followed by Asian and then White patients (57.1% vs 48.6% vs 41.3%, p = 0.032). In Black patients, excess mortality was driven by

higher rates of multi-organ dysfunction but lower cardiac death than White/Asian patients, with cardiac death highest amongst Asian patients

(p = 0.009). Socioeconomic status had no effect on mortality, and in a multivariable logistic regression, age, location, witnesses, and Black compared

to White ethnicity were independent predictors of mortality, whilst social deprivation was not.

Conclusion: In this single-centre study, Black patients had higher mortality after resuscitated OOHCA than White/Asian patients. This may be in

part due to differing underlying aetiology rather than differences in arrest circumstances or social deprivation.
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Introduction

Out-of-Hospital Cardiac Arrest (OOHCA) affects nearly 500,000 peo-

ple annually, and despite improvements in the last decades, out-

comes and survival rates remain poor.1–3 The incidence and

outcomes of OOHCA vary substantially globally2 and evidence sug-

gests potential ethnic variation in arrest circumstances and out-

comes. There is evidence that Black patients suffer from worse

outcomes than other ethnic groups,4–8 although this effect is incon-

sistently seen9–11 and the majority of studies have been undertaken

in the USA. Furthermore, the underlying causes of these ethnic dis-

crepancies remain unclear. Arrest circumstances (including present-

ing rhythm, presence of witnesses, and bystander cardiopulmonary

resuscitation), socioeconomic status (SES) and systemic factors (in-

cluding public access defibrillation and specialist care) have all been

implicated.12 However, it is unclear to what extent these factors mod-

ulate ethnic differences in OOHCA, and causality is disputed.7,11,13

To date, few studies report on the association of ethnicity, social

deprivation and co-existent co-morbidities with rates of coronary

artery disease (CAD), subsequent treatment and outcome of resus-

citated OOHCA patients after conveyance to a cardiac arrest centre

(CAC).

We therefore aimed to investigate ethnic and socioeconomic dif-

ferences in arrest circumstances, management, and outcomes

amongst resuscitated OOHCA patients with a primary cardiac

aetiology.

Methods

Study population

We performed a retrospective analysis of patients in the King’s Out-

of-Hospital Cardiac Arrest Registry (KOCAR) which has been

described previously.3 Briefly, this is a prospectively collected reg-

istry of patients with OOHCA of suspected cardiac aetiology admitted

to King’s College Hospital (KCH), London, UK. KCH serves over 1

million people and is the main CAC in Southeast London.

Inclusion criteria were patients aged 18 and above suffering from

OOHCA with return of spontaneous circulation (ROSC) admitted to

KCH between 1st May 2012 and 31st December 2020. Patients were

recruited if they had ST-segment elevation on post-arrest 12-lead

electrocardiogram (ECG), or absence of a clear non-cardiac aetiol-

ogy (including patients without ST elevation on post-arrest ECG).

We therefore excluded patients with a clear non-cardiac aetiology

(e.g. suicide, trauma, drowning, substance overdose), as well as

patients with death before or immediately on arrival at KCH, those

with suspected or confirmed intra-cerebral bleeding, known neuro-

logical disability (Cerebral Performance Category 3 or 4), or any

known survival limiting disease to six months preceding the arrest.

We also excluded patients if ethnicity or address was not available

or recorded in the medical records.

Data collection

Data were collected using a dedicated database, and patients were

identified using the Utstein criteria.14–15 Patient co-morbidities, car-

diac arrest circumstances and management, in-hospital manage-
ment and clinical course, as well as long-term outcomes were

collected. Zero-flow time was defined as intra-arrest time with no car-

diopulmonary resuscitation (CPR), and low-flow time as intra-arrest

time with CPR prior to achieving ROSC. Clinical scores including

Society for Cardiovascular Angiography and Interventions (SCAI)

classification for cardiogenic shock,16 the Synergy Between Percuta-

neous Coronary Intervention With Taxus And Cardiac Surgery (SYN-

TAX) score for grading the complexity of coronary artery disease,17

and the BCIS Jeopardy score for estimating the amount of myocar-

dium at risk,18 were calculated retrospectively by an interventional

cardiologist. SCAI shock grades C-E were considered as cardiogenic

shock. A description of these scoring systems is available in the sup-

plementary materials.

Patient ethnicity was collected retrospectively from the electronic

medical records. At our centre, ethnicity is self-declared during a

patients’ admission. The ethnicity was then categorised into either

White, Asian or Black ethnicity according to the Office for National

Statistics list of ethnic groups.19 All ethnicities extracted from the

medical records fit into these categories. Where no ethnicity was

recorded, the patient was excluded from the final analysis.

Patients’ postcodes were extracted from the electronic medical

records and matched to the English Indices of Deprivation 2019.20

This government resource describes relative deprivation of neigh-

bourhoods in the UK, ranking postcodes from least to most deprived

in various domains. We extracted the Index of Multiple Deprivation

rank (a composite marker encompassing income, employment, edu-

cation, health, crime, living environment and other measures of

deprivation) and Health Deprivation and Disability rank. Patients

were subsequently divided into tertiles of deprivation within the reg-

istry. Where no postcode was available, the patient was excluded

from the final analysis.

Outcomes

The primary endpoint was all-cause mortality 12 months post-

OOHCA, and two secondary endpoints were used. Firstly, poor neu-

rological outcome at six month follow-up, defined by the Cerebral

Performance Category (CPC), a five-point scale recommended by

the Utstein guidelines for use in cardiac arrest patients. CPC 3–5

were considered poor neurological outcomes. Secondly, cause of

death was used as a secondary endpoint. The cause was classified

as neurological,21 cardiac (refractory arrhythmia or refractory cardio-

genic shock), multiple organ dysfunction syndrome (MODS)22 or

other unrelated cause. These end-points were collected by a cardiol-

ogist or research nurse blinded to ethnicity/social deprivation status.

Statistical analysis

Non-normally distributed data are shown as median ± interquartile

range. Normality was assessed using the Shapiro-Wilk test, with all

continuous variables displaying non-normal distribution (age, pH,

lactate, creatinine, troponin, SYNTAX score, Jeopardy score). Com-

parison of means was performed using a Kruskal-Wallis test for non-

normally distributed variables. Comparison of proportions was per-

formed using a Chi-Square test. Survival curves were constructed

using a Kaplan-Meier analysis and compared using a log rank test.

To adjust for potential confounding effects of arrest circumstances,

SES and ethnicity on outcomes post-OOHCA, we performed a mul-

tivariable analysis using a binary logistic regression analysis. Covari-
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ates included patient age, gender, location of arrest, presence of a

witness, bystander CPR, ethnicity, and social deprivation (Index of

Multiple Deprivation) based on current literature.23 All patients with

a complete dataset were included for this analysis (n = 523/526).

Odds ratios (OR) and 95% confidence intervals (CI) are reported.

All statistical tests were two-sided, and a p value < 0.05 was consid-

ered statistically significant. All statistical analysis was performed

using IBM SPSS Statistics, version 28.

Ethical approval

The study was performed according to the principles of Declaration

of Helsinki and received approval by the Research Ethics Commit-

tee, Confidential Advisory Group and Health Research Authority

(REC number 18/SC/0008).

Results

Baseline characteristics and arrest circumstances

Between the 1st May 2012 and 31st December 2020, 1398 patients

suffered from OOHCA in the South London area for which the ambu-

lance services were called. Of these, 613 patients reached KCH with

ROSC, and were assessed as having a primary cardiac aetiology of

cardiac arrest according to the above-described methodology

(Fig. 1). Of the remaining patients, 87 did not have a recorded ethnic-

ity or postcode, and were therefore excluded. The full cohort there-

fore included 526 patients.

The median age was 62.0 ± 21.1 years, and 74.1% of patients

were male (Table 1). The median zero-flow time was 0 ± 5 minutes,

and low-flow time was 21 ± 19minutes. Most cardiac arrests

occurred at home (n = 289/525, 55.0%) and 411/526 patients

(78.1%) had shockable rhythms. A total of 307/526 patients

(58.4%) had ST elevation/left bundle branch block (STEMI/LBBB).

Four hundred and fourteen patients (78.7%) were White, 35 (6.7%)

were Asian, and 77 (14.6%) were Black. One hundred and

seventy-five (33.3%) patients were in the low deprivation group,

174 (33.1%) in the intermediate deprivation group, and 177

(33.7%) in the high deprivation group.
OOHCA cases between 1st May 2012 – 31st Decemb
N = 1398

Cardiac aetiology OOHCA
N = 613

Patients included in study
N = 526

Di

Fig. 1 – Study flow chart OOHCA: Out-of-hospital cardia
Ethnicity

There was no difference in the age of patients, but there were more

males amongst White and Asian patients than Black patients

(p = 0.008; Table 1). The risk factor profile of patients differed

according to ethnicity (Supplementary Fig. 1): more Asian and Black

patients had diabetes mellitus (DM) than White patients, with higher

rates of insulin-dependent DM amongst Black patients and non-

insulin dependent DM amongst Asian patients (p < 0.001). Black

patients were also more likely to have essential hypertension

(p = 0.007) and previously diagnosed cardiomyopathy (p = 0.003),

whilst Asian and White patients were more likely to have previously

received coronary revascularization (either percutaneous coronary

intervention or coronary artery bypass grafting; p = 0.026). Asian

patients were less likely to be smokers (p = 0.010).

There were no ethnic differences in location of arrest, witnessed

arrests or bystander CPR but Black patients were less likely to have

an initial shockable rhythm than Asian and White patients (p < 0.001;

Table 1). Black patients were also more likely to receive intra-arrest

adrenaline than White and Asian patients (p = 0.002). There was a

trend toward fewer Black patients having STEMI/LBBB on post-

ROSC ECG (p = 0.065). Black patients had higher serum lactate

(p = 0.002) and creatinine (p = 0.007), indicating worse metabolic

disturbance than amongst White and Asian patients. Troponin I

levels, however, were lowest amongst Black patients (p = 0.009).

Black patients were less likely to receive immediate coronary

angiography (within 2 hours; p < 0.001) or percutaneous coronary

intervention (p < 0.001) than White or Asian patients (Table 2). They

were also less likely to receive mechanical circulatory support

devices including intra-aortic balloon pump, Impella device or receive

extracorporeal membrane oxygenation (p = 0.041), despite similar

rates of cardiogenic shock (p = 0.409). Amongst patients undergoing

coronary angiography, Black patients were found to have less CAD

and trend toward less culprit CAD than White and Asian patients

(p = 0.004; p = 0.064 respectively). Furthermore, median SYNTAX

and Jeopardy scores were also considerably lower amongst Black

than White and Asian patients, indicating lower complexity of disease

(p = 0.010; p = 0.001 respectively).
er 2020

d not achieve ROSC with ambulance service or 
non-cardiac aetiology of OOHCA

N = 785

No recorded ethnicity or postcode
N = 87

c arrest; ROSC: Return of spontaneous circulation.



Table 1 – Baseline characteristics and arrest circumstances by ethnicity.

All

n = 526

White

n = 414

Asian

n = 35

Black

n = 77

Significance

Baseline characteristics & risk factors

Age median ± IQR 62.0 ± 21.1 62.2 ± 20.7 61.5 ± 21.0 61.6 ± 24.2 p = 0.582 a

Male gender (%; n) 74.1%

390/526

76.6%

317/414

77.1%

27/35

59.7%

46/77

p = 0.008 b

Diabetes mellitus

(%; n)

NIDDM 12.7%

67/526

9.9%

41/414

37.1%

13/35

16.9%

13/77

p < 0.001 b

IDDM 4.0%

21/526

2.7%

11/414

5.7%

2/35

10.4%

8/77

Hypertension (%; n) 48.1%

253/526

44.7%

185/414

54.3%

19/35

63.6%

49/77

p = 0.007 b

Known cardiomyopathy (%; n) 9.1%

48/526

8.2%

34/414

0%

0/35

18.2%

14/77

p = 0.003 b

Previous revascularization (%; n) 13.1%

69/526

13.8%

57/414

22.9%

8/35

5.2%

4/77

p = 0.026 b

Previous cerebral infarction (%; n) 5.9%

31/526

5.6%

23/414

8.6%

3/35

6.5%

5/77

p = 0.745 b

Smoker (%; n) 49.8%

262/526

52.2%

216/414

25.7%

9/35

48.1%

37/77

p = 0.010 b

Arrest & hospital characteristics

Arrest at residence (%; n) 55.0%

289/525

54.0%

223/413

54.3%

19/35

61.0%

47/77

p = 0.519 b

Witnessed (%; n) 83.6%

439/525

84.5%

349/413

85.7%

30/35

77.9%

60/77

p = 0.337 b

Bystander CPR (%; n) 77.6%

406/523

78.8%

324/411

74.3%

26/35

72.7%

56/77

p = 0.442 b

Shockable initial rhythm (%; n) 78.1%

411/526

81.9%

339/414

77.1%

27/35

58.4%

45/77

p < 0.001 b

Adrenaline (%; n) 59.6%

307/515

56.0%

227/405

62.9%

22/35

77.3%

58/75

p = 0.002 b

Troponin I * median ± IQR 1733 ± 9302 2062 ± 11241 1519 ± 9136 692 ± 3245 p = 0.009 a

Lactate median ± IQR 4.5 ± 5.8 4.0 ± 5.3 4.8 ± 6.9 5.9 ± 6.1 p = 0.002 a

Venous pH median ± IQR 7.23 ± 0.21 7.23 ± 0.20 7.27 ± 0.38 7.20 ± 0.24 p = 0.450 a

Serum creatinine median ± IQR 104 ± 43 103 ± 40 98 ± 49 115 ± 72 p = 0.007 a

STEM / LBBB on ECG (%; n) 58.4%

307/526

59.9%

248/414

65.7%

23/35

46.8%

36/77

p = 0.065 b

LVEF on arrival

(%; n)

EF 41-49% 12.3%

59/481

13.2%

50/379

11.8%

4/34

7.4%

5/68

p = 0.171 b

EF �40% 56.8%

273/481

57.3%

217/379

64.7%

22/34

50.0%

34/68

Shock (SCAI grade C-E) (%; n) 43.5%

227/522

42.0%

173/412

48.6%

17/35

49.3%

37/75

p = 0.409 b

Admission to critical care (%; n) 95.7%

448/468

95.1%

350/368

96.8%

30/31

98.6%

68/69

p = 0.412 b

Targeted temperature management ** (%; n) 72.0%

309/429

72.5%

242/334

73.3%

22/30

69.2%

20/45

p = 0.857 b

EF: ejection fraction; IDDM: insulin-dependent diabetes mellitus; LVEF: left ventricular ejection fraction; NIDDM: non-insulin dependent diabetes mellitus; SCAI:

Society for Cardiovascular Angiography and Interventions.
a: Kruskal-Wallis test.
b: Chi-Square test (2-sided).

*: n = 356. Our centre changed Troponin assay from Troponin I to Troponin T during the study period. We display Troponin I as more patients had a Troponin I

than T level available for analysis.

**: Data displayed as patients undergoing targeted temperature management amongst patients admitted to critical care.
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Social deprivation

Stratifying patients by social deprivation (Index of Multiple Depriva-

tion) revealed an overall similar risk factor profile, although the most

deprived tertile were more likely to be female (p = 0.028), non-insulin

dependent diabetics (p = 0.043), and smokers (p = 0.019) than less

deprived patients (Supplementary Table 1). The least deprived tertile

was more likely to suffer from shockable rhythms (p = 0.011) and
have a witnessed arrest (p = 0.036), with other arrest circumstances

including location, bystander CPR and adrenaline similar between

tertiles. The most deprived patients had more severe metabolic

derangement, with higher lactate (p = 0.002) and lower pH

(p = 0.040) on arrival to the centre. Rates of immediate coronary

angiography, percutaneous coronary intervention and CAD, how-

ever, were similar, although SYNTAX and Jeopardy scores were



Table 2 – Coronary angiography characteristics and outcomes by ethnicity.

All

n = 526

White

n = 414

Asian

n = 35

Black

n = 77

Significance

Coronary angiography

Early CAG (%; n) 77.9%

410/526

81.2%

336/414

85.7%

30/35

57.1%

44/77

p < 0.001 b

PCI (%; n) 52.9%

278/526

56.0%

232/414

68.6%

24/35

28.6%

22/77

p < 0.001 b

Mechanical circulatory support * (%; n) 23.6%

124/526

24.9%

103/414

31.4%

11/35

13.0%

10/77

p = 0.041 b

Coronary artery disease (%; n) 82.0%

379/462

84.0%

316/376

85.3%

29/34

65.4%

34/52

p = 0.004 b

Culprit coronary artery disease (%; n) 67.4%

293/435

68.9%

246/357

71.9%

23/32

52.2%

24/46

p = 0.064 b

SYNTAX score median ± IQR 14.0 ± 17.0 15.0 ± 16.0 16.8 ± 14.8 7.0 ± 21.3 p = 0.010 a

Jeopardy score median ± IQR 6.0 ± 6.0 6.0 ± 6.0 6.0 ± 4.5 3.0 ± 6.0 p = 0.001 a

Outcomes

Mortality at 12 months (%; n) 44.1%

232/526

41.3%

171/414

48.6%

17/35

57.1%

44/77

p = 0.032 b

Cause of death at 12 months ** (%; n) Neurological 56.5%

131/232

60.2%

103/171

35.3%

6/17

50.0%

22/44

MODS 24.1%

56/232

20.5%

35/171

23.5%

4/17

38.6%

17/44

p = 0.009 b

Cardiac 15.5%

36/232

15.2%

26/171

41.2%

7/17

6.8%

3/44

Other 3.9%

9/232

4.1%

7/171

0%

0/17

4.5%

2/44

Poor neurological outcome at 6 months (CPC 3-

5) (%; n)

49.4%

260/526

45.2%

187/414

57.1%

20/35

68.8%

53/77

p < 0.001 b

CAG: coronary angiography; CPC: cerebral performance category; MODS: Multiple organ dysfunction syndrome; PCI: percutaneous coronary intervention;

SYNTAX: Synergy Between Percutaneous Coronary Intervention With Taxus And Cardiac Surgery.
a: Kruskal-Wallis test.
b: Chi-Square test (2-sided).

*: Intra-aortic balloon pump, Impella device or extracorporeal membrane oxygenation.

**: Data presented as percentage of All, White, Asian and Black patients dying respectively.
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higher amongst the least deprived tertile (p = 0.034; p = 0.007

respectively), indicating a higher complexity of CAD (Table 3).

More White patients were within the least deprived tertile than

amongst Black and Asian patients, who were more likely to be

amongst the most deprived tertile (p < 0.001; Supplementary Fig. 2).

Outcomes

At 12 months, Black patients suffered from significantly higher all-

cause mortality than Asian followed by White patients (p = 0.032;

Table 2). More Black patients died of MODS, but they suffered from

less cardiac aetiology death than White or Asian patients (p = 0.009;

Fig. 2B). Asian patients were most likely to die of a cardiac aetiology

which occurred in 41.2% of deaths. Black patients were also more

likely to have poor neurological outcome at six months (p < 0.001).

However, there was no association between Index of Multiple Depri-

vation and mortality at 12 months, poor neurological outcome at six

months or cause of death, with similar findings for Health and Disabil-

ity rank and mortality, neurological outcome and cause of death

(Table 3). Kaplan-Meier analysis stratified by ethnicity confirmed

lower probability of survival amongst Black patients compared to

Asian and White patients (p = 0.015; Fig. 2A), whilst SES showed

no significant effect on probability of survival over one year

(p = 0.260; Supplementary Fig. 3).
Multivariable analyses

Multivariable analysis (Fig. 3A, 3B, Supplementary Table 2) showed

that Black compared to White ethnicity (OR 1.75, 95% CI 1.00–3.04),

age (OR 1.05 per year, 95% CI 1.04–1.07), location of OOHCA (ar-

rest at residence OR 1.49, 95% CI 1.01–2.20), and witnessed arrest

(OR 0.35, 95% CI 0.21–0.61) were independent predictors of all-

cause mortality at 12 months. Similarly, Black compared to White

ethnicity (OR 2.57, 95% CI 1.44–4.59), age (OR 1.05 per year,

95% CI 1.04–1.07) and witnessed arrest (OR 0.23, 95% CI 0.13–

0.41) were independent predictors of poor neurological outcome at

six months.

Discussion

In this registry from a large cardiac arrest centre in London, our pri-

mary finding is that poor neurological outcome and death after resus-

citated OOHCA is more common amongst Black than Asian and

White patients, despite no identified ethnic differences in situational

arrest circumstances. This indicates that this disparity might be partly

related to biological mechanisms which also led to differing modes of

death. Socioeconomic status, however, had no significant effect on

outcomes in our study.



Table 3 – Coronary angiography characteristics and outcomes after out-of-hospital cardiac arrest by socioeco-
nomic status.

Most

deprived

Middle

tertile

Least

deprived

Significance

Index of Multiple Deprivation n = 177 n = 174 n = 175

Early CAG (%; n) 77.4%

137/177

75.9%

132/174

80.6%

141/175

p = 0.557 b

PCI (%; n) 52.5%

93/177

50.0%

87/174

56.0%

98/175

p = 0.530 b

Mechanical circulatory support * (%; n) 24.9%

44/177

24.7%

43/174

21.1%

37/175

p = 0.650 b

Coronary artery disease (%; n) 82.4%

126/153

78.9%

120/152

84.7%

133/157

p = 0.415 b

Culprit coronary artery disease (%; n) 70.0%

98/140

64.1%

93/145

68.0%

102/150

p = 0.561 b

SYNTAX score median ± IQR 12.0 ± 16.5 10.0 ± 17.5 16.5 ± 15.8 p = 0.034 a

Jeopardy score median ± IQR 6.0 ± 6.0 6.0 ± 4.0 6.0 ± 6.0 p = 0.007 a

Mortality at 12 months (%) 46.3%

82/177

46.0%

80/174

40.0%

70/175

p = 0.407 a

Cause of death at 12 months * (%) Neurological 56.1%

46/82

55.0%

44/80

58.6%

41/70

MODS 22.0%

18/82

31.3%

25/80

18.6%

13/70

p = 0.315 a

Cardiac 18.3%

15/82

12.5%

10/80

15.7%

11/70

Other 3.7%

3/82

1.3%

1/80

7.1%

5/70

Poor neurological outcome at 6 months (CPC 3-5)

(%)

53.7%

95/177

51.1%

89/174

43.4%

76/175

p = 0.135 a

Health and Disability Rank n = 176 n = 175 n = 175

Early CAG (%; n) 75.6%

133/176

78.3%

137/175

80.0%

140/175

p = 0.600 b

PCI (%; n) 52.8%

93/176

49.1%

86/175

56.6%

99/175

p = 0.380 b

Mechanical circulatory support ** (%; n) 22.2%

39/176

27.4%

48/175

21.1%

37/175

p = 0.331 b

Coronary artery disease (%; n) 82.1%

124/151

78.4%

120/153

85.4%

135/158

p = 0.273 b

Culprit coronary artery disease (%; n) 71.0%

98/138

63.0%

92/146

68.2%

103/151

p = 0.343 b

SYNTAX score median ± IQR 11.0 ± 16.5 11.0 ± 19.3 16.5 ± 14.5 p = 0.026 a

Jeopardy score median ± IQR 6.0 ± 6.0 6.0 ± 6.0 6.0 ± 6.0 p = 0.003 a

Mortality at 12 months (%) 46.0%

81/176

45.7%

80/175

40.6%

71/175

p = 0.514 a

Cause of death at 12 months * (%) Neurological 54.3%

44/81

56.3%

45/80

59.2%

42/71

MODS 25.9%

21/81

26.3%

21/80

19.7%

14/71

p = 0.691 a

Cardiac 17.3%

14/81

15.0%

12/80

14.1%

10/71

Other 2.5%

2/81

2.5%

2/80

7.0%

5/71

Poor neurological outcome at 6 months (CPC 3-5)

(%)

55.1%

97/176

49.7%

87/175

43.4%

76/175

p = 0.091 a

CAG: coronary angiography; CPC: cerebral performance category; MODS: multi-organ dysfunction syndrome; PCI: percutaneous coronary intervention; SYNTAX:

Synergy Between Percutaneous Coronary Intervention With Taxus And Cardiac Surgery.
a: Chi-Square test (2-sided).

*: Data presented as percentage of tertile 1, 2 and 3 patients dying respectively.

**: Intra-aortic balloon pump, Impella device or extracorporeal membrane oxygenation.
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Ethnic and SES discrepancies following OOHCA are well docu-

mented, with Black patients known to suffer from higher all-cause

mortality than White patients.4–8 There are several potential causes

for this apparent disparity, including pre-existing chronic health
inequalities,24 OOHCA circumstances, access to public access

defibrillation,25 and also to specialist CAC care.26 Limiting unwar-

ranted variation in care based on ethnicity and SES is a priority of

many healthcare systems across all conditions, including the
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NHS.27 Indeed, in 2021, the NHS Race & Health Observatory advo-

cated for people from minority ethnic backgrounds to be trained in

CPR,28 underlining the significant public health challenge and impor-

tance of investigating ethnic discrepancies in OOHCA care and

outcomes.

The majority of previous studies have focused on the pre-hospital

aspects of the association of ethnicity and SES with outcomes. In

these large registry studies, it is known that those with Black ethnicity

are less likely to have a witnessed arrest, bystander CPR or public

access defibrillation.4–7,11–12,29–30 Furthermore, previous research

has identified “high-risk neighbourhoods” in the UK with a higher inci-

dence of OOHCA, greater levels of deprivation, and lower bystander

CPR rates.31 These neighbourhoods have higher population density
and a greater degree of urbanisation, with many neighbourhoods in

South London defined as “high-risk”.31 It is also well established that

on arrival to a CAC, Black patients are less likely to undergo invasive

coronary angiography.11–12,32 A recent study in Denmark showed an

association between higher income and higher rates of CAG and 30-

day survival in Denmark,33 and higher income with more implantable

cardioverter defibrillator implantation amongst patients with OOHCA

not caused by acute myocardial infarction.34 We recognise that at

single-centre level, ethnic and socioeconomic differences in pre-

hospital factors and in-hospital management are likely to be attenu-

ated, as the ambulance services and hospital serve patients within

the same catchment area, providing comparable clinical services

and clinician expertise to the population. However, a more nuanced



Fig. 3 – (A) Multivariable analysis of mortality at

12 months; (B) Multivariable analysis of poor

neurological outcome at six months. *: p < 0.05. (A):

n = 523; Chi Square = 94.5, p < 0.001. (B): n = 523; Chi

Square = 106.9, p < 0.001. Red squares denote

significance (p < 0.05).
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understanding of underlying co-morbidities, rates of CAD, cardiovas-

cular treatments, and effect on outcomes in resuscitated OOHCA

survivors to a CAC based on ethnicity and SES currently remains

unclear.

Our study suggests that in the cohort of patients with resuscitated

OOHCA that survive to a CAC, ethnic variations in outcomes persist

and are potentially related to biological mechanisms impacting on the

aetiology of OOHCA rather than arrest circumstances or SES in

themselves. We found that situational circumstances (such as wit-

nessed arrests/bystander CPR) did not differ in this cohort of resus-

citated OOHCA patients other than Black patients being more likely

to present with non-shockable rhythms in accordance with previous

literature.6–7,30 Importantly, we instead observed significant differ-

ences in pre-existing co-morbidities with Black patients more likely

to have hypertension, insulin dependent DM and known cardiomy-

opathy, White patients more likely to have known CAD with prior

revascularisation and Asian patients having non-insulin dependent

DM and the highest rates of revascularisation. Our data largely

accords with prior data where Black OOHCA patients are more likely

than White patients to have hypertension,8,29–30,35–36 dia-

betes,8,30,35–36 kidney disease,8,30,35–36 and congestive heart fail-

ure.8,35–36

We observed that Black patients had a trend towards lower

STEMI/LBBB rates on arrival and had lower rates of provision of
immediate coronary angiography (within two hours) and percuta-

neous coronary intervention. Amongst those patients undergoing

angiography, rates of CAD as well as SYNTAX and Jeopardy scores

were significantly higher in White and Asian patients than Black

patients. This is supported by previous literature where Black

patients have lower rates of CAD in both post-mortem36 and

in vivo studies,35 and an indication that revascularisation was more

beneficial in White patients.35 Despite this, rates of haemodynamic

instability were similar between the ethnic groups, suggesting that

this might be driven by more systemic ischaemic reperfusion in Black

patients, which may reflect differing rates of provision of advanced

mechanical circulatory support in this cohort.

Black patients had higher mortality, driven by a higher rate of

MODS, whereas Asian patients suffered from the highest rates of

cardiac-aetiology death, but were less likely to have neurological

death. This indicates that the modes of death observed are likely

to represent underlying co-morbidities and rates of CAD, which then

have a critical influence on the course of the disease after admission

to a CAC. Importantly, in our study, SES had no effect on mortality,

neurological outcome, and cause of death, implying that ethnic differ-

ences in outcome cannot be accounted for entirely by SES as has

previously been suggested.

At present, the American Heart Association and European Soci-

ety of Cardiology recommend conveyance of all OOHCA patients to

dedicated CACs for consideration of early coronary angiography.37–

39 Our analysis suggests that the mechanisms of cardiac arrest may

differ between ethnicities, with coronary causes being potentially less

common amongst Black patients. However, these ethnic variations in

OOHCA aetiology are not adequately reflected in our current path-

ways. Our findings suggest that patients being conveyed to hospital

following resuscitation should have access to a complete array of

complex interventions, including coronary angiography but also spe-

cialist 24/7 imaging, access to renal replacement therapy and other

advanced critical care therapies. Future pathways of care which

reflect these inherent ethnic variations in OOHCA with provision of

appropriate therapies are likely to reduce unwarranted variations in

outcome and reduce inequalities in the provision of services post-

OOHCA.

Limitations

This was a single-centre observational study carried out in South

London, UK, with high rates of ethnic variation which may limit gen-

eralisability of the findings to other healthcare settings. The observa-

tional study design means certain decisions, such as proceeding to

angiography and/or percutaneous coronary intervention, were taken

by the clinician responsible for the patient and are therefore the find-

ings are at risk of selection bias. Furthermore, although statistical

significance was achieved, the number of patients was small, in par-

ticular Asian and Black patients. Our findings should therefore be val-

idated in larger cohorts to ensure that lack of observed effects (e.g.

regarding SES) was not due to a type two error. Patients included in

this study were resuscitated primary cardiac aetiology OOHCA

patients surviving to a CAC, which is reflected in high rates of wit-

nessed arrests, bystander CPR and initial shockable rhythm. The

findings may not be representative of a more undifferentiated

population.

Our analysis excluded patients with no available ethnicity or post-

code on record. Analysis of this cohort with unknown ethnicity/post-
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code (n = 87) showed that these patients had a worse 12-month sur-

vival than patients included in the analysis. There are several possi-

ble reasons for lack of ethnicity/postcode documentation, including

immediate death on arrival to a centre, language barriers or lack of

permanent residence, which all may have implications for the validity

of our findings. In addition, concerns have been raised regarding the

accuracy of ethnicity coding in the UK, with a 2021 report by the Nuf-

field Trust highlighting incomplete and inconsistent coding, as well as

an overrepresentation of ‘other’ ethnic categories and underrepre-

sentation of mixed ethnic groups.40 This inherent limitation to our

study design should be borne in mind when considering the conclu-

sions of our data analysis.

Furthermore, the use of postcodes as a proxy of SES could be

considered a limitation of our study. However, it is not feasible to

gather individual markers of SES for a study of this size, and doing

so may result in a simplified assessment of SES. The English Index

of Multiple Deprivation combines information pertaining to income,

employment, education, health, crime, living environment and more,

and is therefore a holistic marker of socioeconomic deprivation.20

Additionally, UK postcodes are shared by only 15–20 households,

thereby increasing the spatial resolution of this marker.41

Conclusion

In this single-centre retrospective analysis, Black patients suffering

from resuscitated suspected cardiac aetiology OOHCA had worse

outcomes than Asian and White patients. This may be partly due

to underlying co-morbidities and pathophysiological mechanisms

rather than cardiac arrest circumstances or socioeconomic status.

Funding

This work was part funded by King’s College Hospital R&D Grant and

was supported by the Department of Health via a National Institute

for Health Research Biomedical Research Centre award to Guy’s

& St Thomas’ NHS Foundation Trust in partnership with King’s Col-

lege London and King’s College Hospital NHS Foundation Trust. MP

is supported by the NIHR Leicester Biomedical Research Centre

(BRC). MP is supported by a NIHR Development and Skills

Enhancement Award.

Conflicts of interest

MP reports grants from Sanofi; grants and personal fees from Gilead

Sciences; and personal fees from QIAGEN, outside the submitted

work.

CRediT authorship contribution statement

Roman Roy: Conceptualization, Data curation, Formal analysis,

Investigation, Writing – original draft, Writing – review & editing.

Ritesh Kanyal: Data curation, Investigation, Writing – review & edit-

ing. Muhamad Abd Razak: Investigation, Writing – review & editing.

Brian To-Dang: Investigation, Writing – review & editing. Shayna

Chotai: Investigation, Writing – review & editing. Huda Abu-Own:

Investigation, Writing – review & editing. Antonio Cannata: Investi-
gation, Writing – review & editing. Rafal Dworakowski: Investiga-

tion, Writing – review & editing. Ian Webb: Investigation, Writing –

review & editing. Manish Pareek: Supervision, Investigation, Writing

– review & editing. Ajay M Shah: Supervision, Investigation, Writing

– review & editing. Philip MacCarthy: Supervision, Investigation,

Writing – review & editing. Jonathan Byrne: Supervision, Investiga-

tion, Writing – review & editing. Narbeh Melikian: Conceptualization,

Data curation, Formal analysis, Investigation, Writing – original draft,

Writing – review & editing, Supervision. Nilesh Pareek: Conceptual-

ization, Data curation, Formal analysis, Investigation, Writing – orig-

inal draft, Writing – review & editing, Supervision.

Acknowledgements

None.

Appendix A. Supplementary data

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

org/10.1016/j.resplu.2023.100388.

Author details

aKing’s College Hospital NHS Foundation Trust, London, UKbSchool

of Cardiovascular Medicine and Sciences, BHF Centre of Excel-

lence, King’s College London, UK cDepartment of Respiratory

Sciences, University of Leicester, Leicester, UK dDepartment of

Infection and HIV Medicine, University Hospitals of Leicester NHS

Trust, Leicester, UK
R E F E R E N C E S
1. Yan S, Gan Y, Jiang N, Wang R, Chen Y, Luo Z, et al. The global

survival rate among adult out-of-hospital cardiac arrest patients who

received cardiopulmonary resuscitation: a systematic review and

meta-analysis. Crit Care 2020:24. https://doi.org/10.1186/s13054-

020-2773-2.

2. Berdowski J, Berg RA, Tijssen JGP, Koster RW. Global incidences of

out-of-hospital cardiac arrest and survival rates: Systematic review of

67 prospective studies. Resuscitation 2010:81. https://doi.org/

10.1016/j.resuscitation.2010.08.006.

3. Pareek N, Kordis P, Beckley-Hoelscher N, Pimenta D, Kocjancic ST,

Jazbec A, et al. A practical risk score for early prediction of

neurological outcome after out-of-hospital cardiac arrest:

MIRACLE2. Eur Heart J 2020:41. https://doi.org/10.1093/eurheartj/

ehaa570.

4. Cowie MR, Fahrenbruch CE, Cobb LA, Hallstrom AP. Out-of-hospital

cardiac arrest: racial differences in outcome in Seattle. Am J Public

Health 1993:83. https://doi.org/10.2105/AJPH.83.7.955.

5. Becker LB, Han BH, Meyer PM, Wright FA, Rhodes Kv, Smith DW,

et al. Racial Differences in the Incidence of Cardiac Arrest and

Subsequent Survival. New England J Med 1993:329. https://doi.org/

10.1056/NEJM199308263290902.

6. Shah KS, Shah AS, Bhopal R. Systematic review and meta-analysis

of out-of-hospital cardiac arrest and race or ethnicity: black US

populations fare worse. Eur J Prev Cardiol 2014:21. https://doi.org/

10.1177/2047487312451815.

7. Galea S, Blaney S, Nandi A, Silverman R, Vlahov D, Foltin G, et al.

Explaining Racial Disparities in Incidence of and Survival from Out-

https://doi.org/10.1016/j.resplu.2023.100388
https://doi.org/10.1016/j.resplu.2023.100388
https://doi.org/10.1186/s13054-020-2773-2
https://doi.org/10.1186/s13054-020-2773-2
https://doi.org/10.1016/j.resuscitation.2010.08.006
https://doi.org/10.1016/j.resuscitation.2010.08.006
https://doi.org/10.1093/eurheartj/ehaa570
https://doi.org/10.1093/eurheartj/ehaa570
https://doi.org/10.2105/AJPH.83.7.955
https://doi.org/10.1056/NEJM199308263290902
https://doi.org/10.1056/NEJM199308263290902
https://doi.org/10.1177/2047487312451815
https://doi.org/10.1177/2047487312451815


10 R E S U S C I T A T I O N P L U S 1 4 ( 2 0 2 3 ) 1 0 0 3 8 8
of-Hospital Cardiac Arrest. Am J Epidemiol 2007:166. https://doi.org/

10.1093/aje/kwm102.

8. Merchant RM, Becker LB, Yang F, Groeneveld PW. Hospital racial

composition: a neglected factor in cardiac arrest survival disparities.

Am Heart J 2011:161. https://doi.org/10.1016/j.ahj.2011.01.011.

9. Chu K, Swor R, Jackson R, Domeier R, Sadler E, Basse E, et al.

Race and Survival After Out-of-Hospital Cardiac Arrest in a Suburban

Community. Ann Emerg Med 1998:31. https://doi.org/10.1016/

S0196-0644(98)70257-4.

10. Sayegh AJ, Swor R, Chu KH, Jackson R, Gitlin J, Domeier RM, et al.

Does race or socioeconomic status predict adverse outcome after

out of hospital cardiac arrest: a multi-center study. Resuscitation

1999:40. https://doi.org/10.1016/S0300-9572(99)00026-X.

11. Bosson N, Fang A, Kaji AH, Gausche-Hill M, French WJ, Shavelle D,

et al. Racial and ethnic differences in outcomes after out-of-hospital

cardiac arrest: Hispanics and Blacks may fare worse than non-

Hispanic Whites. Resuscitation 2019:137. https://doi.org/10.1016/j.

resuscitation.2019.01.038.

12. Mehta NK, Allam S, Mazimba S, Karim S. Racial, ethnic, and

socioeconomic disparities in out-of-hospital cardiac arrest within the

United States: Now is the time for change. Heart Rhythm 2022;O2

(3):857–63. https://doi.org/10.1016/j.hroo.2022.07.009.

13. Hallstrom A, Boutin P, Cobb L, Johnson E. Socioeconomic status

and prediction of ventricular fibrillation survival. Am J Public Health

1993:83. https://doi.org/10.2105/ajph.83.2.245.

14. Langhelle A, Nolan J, Herlitz J, Castren M, Wenzel V, Soreide E,

et al. Recommended guidelines for reviewing, reporting, and

conducting research on post-resuscitation care: The Utstein style.

Resuscitation 2005;66:271–83. https://doi.org/10.1016/j.

resuscitation.2005.06.005.

15. 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

statement for health professionals from a task force of the American

Heart Association, the European Resuscitation Council, the Heart

and Stroke Foundation of Canada, and the Australian Resuscitation

Council. Circulation 1991;84:960–75. https://doi.org/10.1161/01.

CIR.84.2.960.

16. Baran DA, Grines CL, Bailey S, Burkhoff D, Hall SA, Henry TD, et al.

SCAI clinical expert consensus statement on the classification of

cardiogenic shock. Catheteriz Cardiovasc Intervent 2019. https://doi.

org/10.1002/ccd.28329.

17. Sianos G, Morel M-A, Kappetein AP, Morice M-C, Colombo A,

Dawkins K, et al. The SYNTAX Score: an angiographic tool grading

the complexity of coronary artery disease. EuroIntervention 2005;1.

18. Califf RM, Phillips HR, Hindman MC, Mark DB, Lee KL, Behar VS,

et al. Prognostic value of a coronary artery jeopardy score. J Am Coll

Cardiol 1985:5. https://doi.org/10.1016/S0735-1097(85)80005-X.

19. Office for National Statistics. Ethnic group, national identity and

religion n.d.

20. UK Government. English indices of deprivation 2019:2019.

21. Neumar RW, Nolan JP, Adrie C, Aibiki M, Berg RA, Böttiger BW,
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