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Abstract
Background: The occurrence of brain death in patients with hypoxic-ischaemic brain injury after resuscitation from
cardiac arrest creates opportunities for organ donation. However, its prevalence is currently unknown.
Methods: Systematic review. MEDLINE via PubMed, ISI Web of Science and the Cochrane Database of Systematic
Reviews were searched for eligible studies (2002–2016). The prevalence of brain death in adult patients resuscitated
from cardiac arrest and the rate of organ donation among brain dead patients were summarised using a random
effect model with double-arcsine transformation. The quality of evidence (QOE) was evaluated according to the
GRADE guidelines.
Results: 26 studies [16 on conventional cardiopulmonary resuscitation (c-CPR), 10 on extracorporeal CPR (e-CPR)]
included a total of 23,388 patients, 1830 of whom developed brain death at a mean time of 3.2 ± 0.4 days after
recovery of circulation. The overall prevalence of brain death among patients who died before hospital discharge was
12.6 [10.2–15.2] %. Prevalence was significantly higher in e-CPR vs. c-CPR patients (27.9 [19.7–36.6] vs. 8.3 [6.5–10.4] %;
p < 0.0001). The overall rate of organ donation among brain dead patients was 41.8 [20.2–51.0] % (9/26 studies, 1264
patients; range 0–100 %). The QOE was very low for both outcomes.
Conclusions: In patients with hypoxic-ischaemic brain injury following CPR, more than 10 % of deaths were due to
brain death. More than 40 % of brain-dead patients could donate organs. Patients who are unconscious after resuscitation from cardiac arrest, especially when resuscitated using e-CPR, should be carefully screened for signs of brain
death.
Keywords: Cardiac arrest, Brain death, Anoxia-ischemia, brain, Organ donation
Introduction
Despite recent improvements [1] mortality after cardiopulmonary resuscitation (CPR) remains high. About
two-thirds of patients admitted to hospital [1] or an
intensive care unit (ICU) [2] after cardiac arrest die
before hospital discharge. Most of these deaths are due
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to hypoxic-ischaemic brain injury [3, 4] and result from
active withdrawal of life-sustaining treatment (WLST)
based on prognostication of survival with a poor neurological outcome [5, 6]. However, in some resuscitated
patients hypoxic-ischaemic brain injury can result in a
total loss of clinical brain function, i.e. in brain death [7].
Despite being an unfavourable outcome for the individual patient, brain death creates opportunities for organ
donation [4, 8], which may represent an additional benefit from CPR in terms of lives saved or improved. In fact,
transplanted organs retrieved from brain-dead patients
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after cardiac arrest have a similar success rate as organs
retrieved from patients who have died from other causes
[8–10]. The 2015 American Heart Association Guidelines for Post-Cardiac Arrest Care [11] recommend that
all patients who are resuscitated from cardiac arrest but
who subsequently progress to brain death should be evaluated for organ donation (Class I, Level of Evidence B).
Despite this, the prevalence of brain death following cardiac arrest is only rarely reported and it has never been
systematically reviewed. Knowing the epidemiology of
brain death after cardiac arrest could help intensivists to
organize a timely screening and identification of potential
organ donors after resuscitation.
The primary aim of the present systematic review is to
measure the reported prevalence of brain death in adult
patients resuscitated from cardiac arrest as compared to
other causes of death. The secondary aim of this review is
to measure the rate of organ donation in these patients.

Materials and methods
Data reporting in this review is consistent with the
preferred reporting items for systematic reviews and
meta-analyses (PRISMA) statement [12]. The MOOSE
checklist [13] was adopted for study design and manuscript preparation.
Review questions

The review questions were formulated following the
PICO scheme (population, intervention, comparator,
outcome) as follows:
••  Among adults who are admitted to hospital after successful resuscitation from cardiac arrest (P), what is
the prevalence of brain death at hospital discharge
(O)?
••  Among adults who develop brain death after successful resuscitation from cardiac arrest (P), what is the
rate of organ donation (O)?
In addition, a preliminary screening of the literature
suggested potential differences in the epidemiology of
brain death between patients resuscitated with extracorporeal CPR (e-CPR) as compared to patients resuscitated
with conventional CPR (c-CPR). Therefore, we planned a
comparison between these two subgroups of patients.
Inclusion and exclusion criteria

All studies published as full-text articles in indexed
journals which reported the prevalence of brain death
in adult (≥18 years old) patients resuscitated from cardiac arrest occurred either in-hospital (in-hospital cardiac arrest, IHCA) or out-of-hospital (out-of-hospital
cardiac arrest, OHCA) were considered for inclusion.

No restrictions of language or publication status were
imposed. Publication date was restricted to studies published after 2002 in order to better reflect current practice which includes targeted temperature management
(TTM) [14, 15] and post-resuscitation care bundles [16].
Reviews, case reports and studies published in abstract
form were excluded. Studies including patients with nonhypoxic causes of brain death or patients with hypoxic
coma from causes other than cardiac arrest (respiratory
arrest, asphyxia, drowning, hanging) were excluded.
Studies including donors after circulatory death were
excluded.
Search strategy and study selection

MEDLINE via PubMed was searched using the keywords “heart arrest” (MESH) OR “cardiac arrest” (MESH)
AND “brain death”. ISI Web of Science and the Cochrane
Database of Systematic Reviews were searched using the
search strings “cardiac arrest” AND “brain death”. The
search was iterated until April 30, 2016. The websites of
relevant journals were searched to identify relevant studies in press. The reference lists of relevant studies were
screened to identify other studies of interest.
Data extraction and analysis

For each study included in the final analysis, the following data were extracted: patients’ age and sex; location of
cardiac arrest (IHCA or OHCA); witnessed status; cause
of cardiac arrest; initial cardiac rhythm; CPR technique
(c-CPR vs. e-CPR); cardiac arrest duration, defined as the
interval between collapse to either return of spontaneous circulation (ROSC) or to the start of extracorporeal
circulation; hospital mortality; mode of death; rate and
timing of brain death; rate of organ donation. Whenever
possible, the authors of the original studies where contacted to retrieve missing data.
Data of the study populations were summarized using
proportions and weighted means. The mean and standard deviations in individual studies were estimated from
median and interquartile range, when needed, according to the method described by Wan et al. [17]. Pooled
estimates of continuous variables were made using the
inverse variance method and reported as mean ± standard error (SE). The DerSimonian–Laird random effects
model [18] was used to account for heterogeneity. For
categorical variables, proportions with 95 % confidence
intervals (CIs) were calculated using the Freeman–Tukey
double-arcsine transformation [19]. The heterogeneity
of pooled data was estimated by calculating the Q and I2
statistics and it was regarded as significant when p < 0.05
or I2 > 50 %. Statistical analyses were performed using
MedCalc software [20] version 16.4.1 (MedCalc Software
bvba, Ostend, Belgium), Comprehensive Meta-Analysis
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version 2.2.064 (Biostat Inc. Englewood NJ USA) and
MetaXL version 5.1 (EpiGear International, http://www.
epigear.com).
Grading

The quality of evidence was independently and blindly
assessed by two authors (C.S., S.D’A .) on the basis of the
presence of limitations (risk of bias), indirectness, inconsistency and imprecision according to the grading of
recommendations assessment, development and evaluation (GRADE) criteria [21–23]. Given the observational
nature of included studies, the quality of evidence was
initially graded as low [24]. Inconsistency across studies was graded as serious when heterogeneity was significant (p < 0.1 or I2 > 50 %). Imprecision was graded
as serious when either the lower or the upper bound of
the CIs was respectively less than or greater than 20 % of
the point estimate of the prevalence. Limitations of individual studies were assessed using a modified version of
the Quality Assessment Tool for Observational Cohort
and Cross-Sectional Studies delivered by the US National
Institutes of Health, March 2014 version [25] (ESM
Table 1). Disagreements between assessors were resolved
by consensus.

Results
Study selection

The initial search on PubMed, ISI Web of Science and
the Cochrane Database of Systematic Reviews yielded
862 records, and 177 additional records were identified through forward search (Fig. 1). After duplicate
removal and abstract screening, 274 articles were considered for full-text analysis. Among them, 248 were
excluded because they did not fulfil inclusion criteria.
These studies with reasons for their exclusion are listed
in the Appendix. The remaining 26 studies (total 23,388
patients) were included in our review. The overall quality
of evidence was very low (ESM Table 2).
Patient characteristics

Sixteen out of 26 studies included patients resuscitated using c-CPR [4–6, 8, 14, 26–36] while ten studies included patients resuscitated using e-CPR [37–46].
The characteristics of these two patient subgroups are
described in Table 1.
Eleven out of 26 studies (42.3 %) included only patients
resuscitated from OHCA, two (7.7 %) included only
patients resuscitated from IHCA, 11 studies (42.3 %)
included both IHCA and OHCA patients while in two
studies (7.7 %) the location of cardiac arrest was not
specified. The cause of arrest was cardiac in three studies (11.5 %), cardiac or respiratory in 17 studies (65.4 %),
while in six studies (23.1 %) the cause of arrest was not

specified. Patients had a mean age of 57.5 (±0.74) years
and 14,299 (61.1 %) were male. Patients resuscitated with
e-CPR were significantly younger than those resuscitated with c-CPR (47.6 vs. 60.9 years; p < 0.001). The first
recorded rhythm was shockable in 7728 (33.0 %) patients
(7572/22,686 [33.3 %] c-CPR patients vs. 156/307
[50.8 %] e-CPR patients; p < 0.001). The overall duration of cardiac arrest was 42.4 ± 1.5 min (19/26 studies;
Table 2). Patients resuscitated with e-CPR had a significantly longer duration of arrest than those resuscitated
with c-CPR (94.7 ± 2.9 vs. 24.0 ± 1.5 min; p < 0.0001).
In 15/26 studies all patients were treated using TTM.
In seven studies TTM was used in part of the patient
population (range 19.5–70.8 %). In the remaining four
studies temperature management was not reported. Use
of TTM was significantly more common in e-CPR vs.
c-CPR studies (300/307 [97.7 %] vs. 4601/7966 [57.8 %]
patients; p < 0.001).
Outcomes

Among 23,388 patients, 17,779 (76.0 %) died in hospital. Brain death was diagnosed at mean time of
3.2 ± 0.4 days after recovery of circulation (11/26 studies; Table 3). The rates of brain death ranged from 0
to 16.3 % of total population in studies conducted on
patients resuscitated with c-CPR (Table 4) and from
5.9 to 42.9 % in studies conducted in patients resuscitated with e-CPR (Table 4). Among patients who died,
the estimated pooled prevalence of brain death was 12.6
[10.2–15.2] %. This corresponded to 8.9 [7.0–11.0] %
of patients resuscitated from cardiac arrest. The prevalence of brain death was significantly higher in patients
resuscitated with e-CPR than in patients resuscitated
with c-CPR, both as a percentage of total deaths (27.9
[19.7–36.6] vs. 8.3 [6.5–10.4] %) and as a percentage
of total patients (21.9 [16.6–27.5] vs. 5.4 [3.9–7.1] %;
p < 0.0001 for both).
Rates of organ donation were reported in 9/26 studies.
Donation rates ranged from 0 to 100 % of brain deaths
and from 0 to 33.3 % of total deaths. The estimated
pooled rates were 41.8 [20.2–51.0] and 5.8 [2.1–10.9] %,
respectively (9/26 studies, 1264 patients; Table 4). There
was no significant difference in the rate of organ donation
between studies on patients resuscitated with e-CPR and
those on patients resuscitated with c-CPR (p = 0.544 and
0.471, respectively). The heterogeneity within and across
subgroups was significant for both brain death rate and
organ donation rate (ESM Figs. 1, 2).
One study [8] reported the outcome of organs (kidneys and livers) retrieved from patients with brain death
after cardiac arrest and compared it with that of organs
retrieved from patients with brain death due to a primary
brain injury (head injury or stroke). This study found no

Identification
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PubMed
ISI Web of Science
Cochrane Database of systematic
reviews:
862

177 additional records identified
through forward search

Screening

1039 records screened

765 discarded
(duplicates or excluded after
title and abstract evaluation)

Eligibility

248 full-text excluded due to:
• 15

274 full-text articles
assessed for eligibility

Brain death as exclusion criteria

• 202 Brain death not reported
• 31

Patient or study characteristics

Included

29 studies included in
26
analysis
thethe
final
analysis

c-CPR
16 studies

e-CPR
10 studies

Fig. 1 Flow chart of study selection

significant difference in 5-year survival rates of transplanted organs between these two groups.
Only one study [8] specifically investigated early predictors of brain death. In that study, none of the clinical
or laboratory findings distinguished the patients with
brain death from those who died without a diagnosis of
brain death.

Discussion
In studies included in our review, 8.9 % of patients initially resuscitated from cardiac arrest developed brain
death. They represented more than 12 % of total patients
who died before hospital discharge. The prevalence of
brain death in patients resuscitated with e-CPR was more
than three times higher than in those resuscitated with
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Table 1 Patients’ characteristics in the included studies
Author, year [reference]

IHCA or OHCA

No. of patients

Males, n (%)

Age, yeara

VF/pVT, n (%)

Witnessed, n (%) TTM, n (%)

174 (70.7) 55.2 ± 17.6
42 (58.3) 59.0 ± 16

c-CPR
Adrie, 2008 [8]

OHCA

246

Bernard, 2002 [14]

OHCA

77

Calderon, 2014 [26]

Mixed

72

Dragancea, 2013 [6]

Mixed

159

Elmer, 2016 [27]

OHCA

4265

Geocadin, 2006 [5]

Mixed

58

Greer, 2013 [28]

Mixed

200

124 (62)

Grossestreuer, 2013 [29]

OHCA

194

Lemiale, 2013 [4]

OHCA

1152

Mentzelopoulos, 2013 [30]

IHCA

268

Mulder, 2014 [31]

OHCA

154

Nielsen, 2013 [32]

OHCA

939

Peberdy, 2003 [33]

IHCA

Rundgren, 2010 [34]

Mixed

Sivaraju, 2015 [35]

N/A

Stammet, 2009 [36]

Mixed

Total c-CPR

14,720
95
100
45
22,744

e-CPR
Avalli, 2012 [37]

Mixed

42

Fagnoul, 2013 [38]

Mixed

24

Lamhaut, 2013 [39]

OHCA

7

Le Guen, 2011 [40]

OHCA

51

Massetti, 2005 [41]

Mixed

40

Megarbane, 2007 [42]

Mixed

17

Megarbane, 2011 [43]

Mixed

Pozzi, 2016 [44]

62 (25.2)

198 (80.5)

71 (28.9)

52 (67.5) 66.5 ± 9.7

77 (100)

73 (94.8)

48 (55.8)

31 (43.1)

N/A

72 (100)

109 (68.6) 67 ± 13.7

97 (60.5)

N/A

159 (100)

1835 (43)

2809 (65.9)

1858 (43.8)

N/A

N/A

N/A

68 (34)

N/A

39 (19.5)

114 (58.8) 57.0 ± 16

2740 (64.2) 65 (53–77)
41 (70.7) 57.2 ± 15

59.9 ± 16.5

76 (40)

N/A

194 (100)

842 (73.1) 58.4 ± 15.4

654 (56.8)

1054 (87.7)

764 (66.3)

183 (68.3) 63 ± 18.2

45 (16.8)

247 (92.2)

68 (25.4)

104 (67.5) 59.0 ± 16

83 (53.9)

154 (100)

154 (100)

761 (81)

752 (80.1)

839 (89.4)

939 (100)

67.0 ± 15

3680 (25)

12,659 (86)

N/A

68 (71.6) 65 (50–74)

57 (60)

N/A

95 (100)

59 (59)

62.3 ± 16.2

33 (33)

N/A

100 (100)

22 (48.9)

N/A

45 (100)

7572 (33.3)

18,033 (82.6)

4601 (57.8)

8390 (57)

64 ± 12.6

30 (66.7) 56 ± 17

13,833 (60.8) 60.9 ± 0.86b

28 (66.7)

42 (100)

42 (100)

14 (58.3) 48 (38–55)

10 (41.7)

22 (91.7)

17 (70.8)

6 (85.7) 42 ± 16

5 (71.4)

7 (100)

7 (100)

32 (62.7)

51 (100)

51 (100)

23 (57.5) 42 ± 15

N/A

N/A

N/A

0

17 (100)

17 (100)

66

51 (77.3) 46 (39–55)

30 (45.5)

66 (100)

66 (100)

OHCA

68

32 (47.1)

68 (100)

68 (100)

Rousse, 2015 [45]

OHCA

32

50 (73.5) 43.7 ± 11.4

19 (59.4)

32 (100)

32 (100)

Thiagarajan, 2009 [46]

N/A

N/A

N/A

N/A

156 (50.8)*

305 (99.3)*

300 (97.7)*

7728 (33)

18,338 (82.9)

4901 (59.2)

Total e-CPR
Overall

297
644
23,388

33 (78.6) 64.8 ± 11.7

46 (90.2) 42 ± 15

5 (29.4) 47 (27–57)

23 (71.9) 43.2 ± 14.3

195 (65.7) 52 (35–64)

466 (72.4) 47.6 ± 1.44b*

14,299 (61.1) 57.5 ± 0.74

b

Total percentages are referred to studies with available data
c-CPR conventional cardiopulmonary resuscitation, e-CPR extracorporeal cardiopulmonary resuscitation, IHCA in-hospital cardiac arrest, N/A not available, OHCA outof-hospital cardiac arrest, TTM targeted temperature management, VF/pVT ventricular fibrillation/pulseless ventricular tachycardia
* p < 0.0001 vs. c-CPR
a
b

Mean ± standard deviation or median (interquartile range)
Pooled estimate of the mean ± SE

c-CPR, despite similar mortality rates. e-CPR patients
were significantly younger and had significantly higher
rates of witnessed arrest or shockable rhythms compared
to c-CPR patients, which reflects that e-CPR programs
use restrictive indications to select patients with favourable characteristics who are most likely to benefit [47].
However, in our review e-CPR patients had significantly
longer arrest times than c-CPR patients, because e-CPR
is used when c-CPR fails to restore spontaneous circulation and it requires longer to initiate [48]. If the severity
of hypoxic-ischaemic neuronal death is proportional to

the duration of arrest [49], this may explain the higher
prevalence of brain death in e-CPR patients. However, since the mechanism of brain death has not been
described in studies included in our review, we could
not exclude other possible explanations. For example,
in some patients resuscitated using e-CPR, brain death
could have been due to cerebral haemorrhage induced
by anticoagulation needed to maintain extracorporeal
circulation.
Our study shows that brain death is relatively common
after cardiac arrest. Since none of the indices currently
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Table 2 Duration of cardiac arrest in included studies
Author, year [reference]

Duration of cardiac arrest, mina

Adrie, 2008 [8]

32.0 ± 6.6

Bernard, 2002 [14]
Dragancea, 2013 [6]
Elmer, 2016 [27]
Lemiale, 2013 [4]
Mentzelopoulos, 2013 [30]
Mulder, 2014 [31]
Nielsen, 2013 [32]
Rundgren, 2010 [34]
Sivaraju, 2015 [35]
Stammet, 2009 [36]
c-CPR
Avalli, 2012 [37]
Fagnoul, 2013 [38]
Lamhaut, 2013 [39]
Massetti, 2005 [41]
Megarbane, 2007 [42]
Megarbane, 2011 [43]
Pozzi, 2016 [44]
Rousse, 2015 [45]
e-CPR
Overall

25.7 ± 8.1
20 ± 26.4

23.3 ± 0.15
24.1 ± 0.6
16.1 ± 8.0
23 ± 1.4

27.4 ± 8.0
21.3 ± 1.2
14.7 ± 8.1
25 [3–90]

24.0 ± 1.7
69.1 ± 3.9
57.7 ± 0.8
79.0 ± 5.7

105.0 ± 7.0

129.7 ± 11.7
151.7 ± 5.6
85.4 ± 2.6

115.5 ± 3.5

94.7 ± 2.9*
42.4 ± 1.5

Pooled data are reported as mean ± SE
* p < 0.0001 vs. c-CPR
a

Mean ± standard deviation, median (interquartile range), or median [range]

Table 3 Timing of brain death
Author, year [reference]

Days after arresta

Adrie, 2008 [8]

2.5 (2.0–4.2)

Avalli, 2012 [37]

3 (3–4)

Bernard, 2002 [14]

3 [2–4]

Calderon, 2014 [26]

3.8 ± 1.7

Dragancea, 2013 [6]
Fagnoul, 2013 [38]

5.0 ± 1.3

0.1 [0.1–2]

Lemiale, 2013 [4]

5 [3–6]

Nielsen, 2013 [32]

3.1 ± 1.2

Pozzi, 2016 [44]
Rundgren, 2010 [34]
Stammet, 2009 [36]
Overall (mean ± SE)

1.3 ± 2.1
5.3 ± 1.5
2 (1–3)

3.2 ± 0.4

SE standard error
a

Mean ± standard deviation, median (interquartile range), or median [range]

used to report outcome after cardiac arrest, such as cerebral performance categories (CPC), modified Rankin Scale
(mRS) or Glasgow Outcome Scale (GOS), distinguishes

between death due to neurological causes (as brain death
or death after WLST because of severe brain damage) and
death from other causes, such as irreversible cardiovascular collapse or multiorgan failure, we suggest that those
indices should be modified to include this information (e.g.
CPC 5b to indicate brain death). We also suggest that the
authors should be encouraged to report the detailed mechanism of death in post-resuscitation studies.
In studies included in our review the pooled rate of
organ donation from brain dead patients after cardiac
arrest was 41 %. According to recent studies [50, 51] each
year approximately 167,000 OHCA patients are treated
by the emergency medical services in the USA. Of these,
41,750 (25 %) are successfully resuscitated and admitted
to an ICU. On the basis of the results of our review, we
estimate that 3716 [95 %CI 2923–4593] patients yearly
will evolve to brain death, of whom 1553 could potentially donate organs. With this perspective, intensive life
support of patients with severe post-resuscitation brain
injury should be maintained for a sufficiently long time
to detect not only the occurrence of cerebral recovery but
also to determine progression to brain death.
The diagnosis of brain death was made at a mean of
3 days and up to 6 days after ROSC in studies included in
our review, which is consistent with the fact that neuronal
death occurring after global brain ischaemia is typically
delayed [52, 53]. Delayed massive cerebral oedema leading to brain death and occurring at 48–72 h after ROSC
has also been described [54]. Since both TTM and sedation/paralysis used to maintain TTM may interfere with
clinical neurological examination [55, 56], it is reasonable to evaluate resuscitated patients for occurrence of
brain death after rewarming and cessation of interference
from sedation (see suggested algorithm in Fig. 2). This will
occur at 48–72 h from ROSC in most patients [57]. Nevertheless, brain death can be suspected even during sedation or paralysis on the basis of clinical signs such as fixed,
dilated pupils, diabetes insipidus, and acute cardiocirculatory changes that suggest cerebral herniation.
In some cases, occurrence of brain death has been
reported within 1 day after cardiac arrest. This is common when cardiac arrest is due to neurological causes,
most commonly a subarachnoid haemorrhage [58, 59].
When a neurological rather than a cardiac cause of arrest
is suspected, a brain computerized tomography (CT)
immediately after ROSC is recommended [56]. If brain
CT demonstrates a catastrophic brain injury, an early
evaluation for brain death may be considered.
Clinical examination for ascertainment of brain death
usually requires the absence of all brainstem reflexes [60].
Confirmatory tests such as electroencephalogram or
evaluation of cerebral blood flow may be required when
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Table 4 Rates of mortality, brain death and organ donation in the included studies
Author, year
[reference]

No.
of patients

Mortality,
n (%)

Brain death rate
n

Organ donation rate

% Of total
patients

% Of deaths

n

% Of brain
deaths

% Of deaths

c-CPR
Adrie, 2008 [8]

246

210 (85)

40

16.3

19.0

77

45 (58)

2

2.6

4.4

Calderon, 2014 [26]

72

46 (64)

8

11.1

17.4

Dragancea, 2013 [6]

159

84 (53)

4

2.5

4.8

305

7.2

11.0

Bernard, 2002 [14]

Elmer, 2016 [27]
Geocadin, 2006 [5]

4265

2775 (65)

58

48 (83)

1

1.7

2.1

Greer, 2013 [28]

200

180 (90)

20

10.0

11.1

Grossestreuer, 2013 [29]

194

109 (56)

4

2.1

3.7

1152

768 (67)

94

8.2

12.2

Mentzelopoulos, 2013 [30]

268

149 (56)

0

0

0

Mulder, 2014 [31]

154

78 (51)

8

5.2

10.3

Nielsen, 2013 [32]

939

411 (44)

18

1.9

4.4

Peberdy, 2003 [33]

14,720

1177

8.0

Lemiale, 2013 [4]

4

9.6

159

95

43 (45)

3

3.2

7.0

3

Sivaraju, 2015 [35]

100

71 (71)

7

7.0

9.9

Stammet, 2009 [36]

45

22 (49)

3

6.7

13.6

5.4 [3.9–7.1]

8.3 [6.5–10.4]

Rundgren, 2010 [34]

Total c-CPR

22,744

12,217 (83)

19

17,256 (75.9)

1694

185

47.5

9.1

100

4.8

13.5

1.3

100

3.2

59.2 [18.0–95.7]

4.8 [0.4–11.5]

e-CPR
Avalli, 2012 [37]

42

31 (73.8)

12

28.6

38.7

5

41.7

Fagnoul, 2013 [38]

24

18 (75.0)

5

20.8

27.8

1

20

Lamhaut, 2013 [39]

7

6 (85.7)

3

42.9

50

2

66.7

Le Guen, 2011 [40]

51

49 (96.1)

10

19.6

20.4

Massetti, 2005 [41]

40

32 (80)

15

37.5

46.9

Megarbane, 2007 [42]

17

14 (82.4)

1

5.9

7.1

Megarbane, 2011 [43]

66

65 (98.5)

6

9.1

9.2

3

50

Pozzi, 2016 [44]

68

62 (91.2)

14

20.6

22.6

0

0

Rousse, 2015 [45]

32

30 (93.8)

9

28.1

30

Thiagarajan, 2009 [46]

297

216 (72.7)

61

20.5

28.2

Total e-CPR

644

523 (81.2)

Overall

23,388

17,779 (76.0)

136
1830

16.1
5.6
33.3

4.6
0

21.9 [16.6–27.5]*

27.9 [19.7–36.6]*

11

29.4 [4.3–60.8]

7.6 [0.5–17.8]

8.9 [7.0–11.0]

12.6 [10.2–15.2]

196

41.8 [20.2–51.0]

5.8 [2.1–10.9]

Pooled rates are reported in italics as point estimate (95 %CIs)
c-CPR conventional cardiopulmonary resuscitation, e-CPR extracorporeal cardiopulmonary resuscitation
p < 0.0001 vs. c-CPR

confounders cannot be excluded or when requested by
local legislation [61]. Whenever circulatory death occurs,
either spontaneously or as a consequence of WLST,
donation after circulatory death (DCD) may be considered, according to local legislation and practices.
The potential for organ donation in patients resuscitated from cardiac arrest has important ethical implications. From one side, our review showed that the
general principle of providing “CPR to save lives” is
not limited to the life of the patient who is being resuscitated but it extends also to the potential recipients of
organs retrieved from resuscitated patients who proceed

to brain death. From the opposite side, however, if CPR
was started with the only aim of organ procurement, the
community-level beneficence represented by organ donation would potentially conflict with the general principle
of individual non-maleficence (“first, do not harm”) [62].
We think a broader ethical and public debate is necessary
on that issue.
Our study has important limitations. Firstly, its
primary outcome measure, the prevalence of brain
death, was reported in only 10 % of studies screened
for inclusion, so we cannot exclude a selection bias. In
addition, some variables like the timing of brain death
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3. Cardiovascular changes
suggesng herniaon

Yes

Unresponsive paent aer rewarming
Exclude confounders, parcularly residual sedaon
All brainstem reflexes absent?

(Pupillary, corneal, oculocephalic, cough)

Yes

Brain death likely
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Further clinical observaon/Confirmatory tests

If WLST

Brain death confirmed

Consider DCD

Evaluate for organ donaon

According to local legislaon/protocols

If circulatory death at any me
Fig. 2 Suggested algorithm for brain death screening after cardiac arrest. In a resuscitated patient who is unresponsive after rewarming from
targeted temperature management (TTM), and after having excluded confounders, brain death is suspected if brainstem reflexes are all absent.
Brain death can be suspected earlier if a catastrophic brain injury is demonstrated on CT or if the patient shows signs like fixed, dilated pupils,
diabetes insipidus, or cardiovascular changes suggesting herniation. Brain death is confirmed by clinical observation and/or by confirmatory tests
like apnoea, a flat EEG or absent cerebral blood flow, according to local legislation or protocols. Organ donation is considered after ascertainment of
brain death. In cases where circulatory death occurs, either spontaneously or as a consequence of withdrawal of life-sustaining treatment (WLST),
donation after circulatory death (DCD) can be considered. For the European Resuscitation Council and the European Society of Intensive Care Medicine (ERC–ESICM) recommended neuroprognostication protocol, see Ref. [55]

and the rate of organ donation were reported in less
than 50 % of included studies. However, this shows
that brain death after cardiac arrest is underreported
in current literature, and confirms the utility of our
review.
Secondly, our analysis used aggregated data, so our
ability to investigate the factors associated with the
occurrence of brain death after cardiac arrest was limited. Our pooled analysis showed a significant heterogeneity, which likely reflects differences in terms of
case mix, treatment and possibly criteria for the diagnosis of brain death. An individual patient data metaanalysis will be needed to adjust adequately for these
confounders. In particular, we could not investigate the
association between location of cardiac arrest (IHCA

vs. OHCA) and the prevalence of brain death, because
in 13/26 (50 %) studies the location of cardiac arrest
was either mixed or not specified. Similarly, we could
not investigate the association between use of TTM
and occurrence of brain death. This is also because—in
order to reflect current post-resuscitation practice—we
restricted our analysis to studies published after 2002, in
whom most of the patients received TTM. Future studies
investigating different temperature management strategies after CPR might include the occurrence of brain
death among their endpoints to specifically address this
question.
Thirdly, our study did not include DCD, which in some
countries [63] represents a major source of organ donation after cardiac arrest. This is because our study was
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focused only on the epidemiology of brain death after
cardiac arrest, whose prevalence is underreported, and
whose importance as a source of organ donation may
consequently have been underrecognised [8, 10].

Conclusions
Despite being only rarely reported in current literature,
brain death represented more than 10 % of deaths in
the 23,388 adult cardiac arrest patients included in our
review. This rate was significantly higher after extracorporeal than after conventional CPR, probably because of
the higher severity of anoxic-ischaemic brain injury in that
group of patients. More than 40 % of patients brain dead
after cardiac arrest donated organs. Given this potential
for organ donation, patients who are unconscious after
resuscitation from cardiac arrest, especially when resuscitated using e-CPR, should be carefully screened for brain
death before deciding on withdrawal of life support.
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