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Abstract
Background: Brain injury can occur after cardiac arrest due to the effects of ischaemia and reperfusion. In serious
cases this can lead to permanent disability. This risk must be considered when making decisions about terminating
resuscitation. There are very specific rules for termination of resuscitation in the prehospital setting however a similar rule
for resuscitation in hospital does not exist. The aim of this review was to explore the effects of duration of cardiopulmonary
resuscitation on neurological outcome in survivors of both in-hospital and out-of-hospital cardiac arrest achieving return of
spontaneous circulation in hospital.
Methods: A systematic review was conducted. Five databases were searched in addition to hand searching the journals
Resuscitation and Circulation and reference lists, quality of the selected studies was assessed and a narrative summary of
the data presented. Studies reporting relevant outcomes were included if the participants were adults achieving return of
spontaneous circulation in the hospital setting. Studies looking at additional interventions such as extracorporeal resuscitation
and therapeutic hypothermia were not included. Case studies were excluded. The study period was from January 2010 to
March 2016.
Results: Seven cohort studies were included for review. Quality scores ranged from eight to 11 out of 12. Five of the studies
found a significant association between shorter duration of resuscitation and favourable neurological outcome.
Conclusions: There is generally a better neurological outcome with a shorter duration of CPR in survivors of cardiac arrest
however a cut-off beyond which resuscitation is likely to lead to unfavourable outcome could not be determined and is
unlikely to exist. The findings of this review could be considered by clinicians making decisions about terminating resuscitation.
This review has highlighted many gaps in the knowledge where future research is needed; a validated and reliable measure of
neurological outcome following cardiac arrest, more focused research on the effects of duration on neurological outcome and
further research into the factors leading to brain damage in cardiac arrest.
Keywords: Literature review, Systematic review, Cardiopulmonary resuscitation, Advanced life support, Cardiac arrest,
Neurological outcome, Time factors, Decision making

* Correspondence: clare.welbourn@btinternet.com
1
College of Medical and Dental Sciences, University of Birmingham,
Edgbaston, Birmingham B15 2TT, UK
Full list of author information is available at the end of the article
© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Welbourn and Efstathiou Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine (2018) 26:77

Background
Cardiac arrest is the cessation of effective contraction of
the myocardium leading to sudden loss of consciousness
and absence of pulse and respiratory function [1]. In
2010, Berdowski et al. estimated that the global incidence of out of hospital cardiac arrests was 55 arrests
per 100,000 person-years [2]. Since the 1960s, cardiopulmonary resuscitation (CPR) has been used to attempt to
restart the heart following cardiac arrest [3], however
prognosis is poor, with a global average survival rate of
7% [2]. There is currently limited evidence available to
clinicians to guide their decisions about continuation of
CPR and its possible impact on outcomes.
Cardiac arrest followed by CPR and subsequent return of
spontaneous circulation (ROSC) leads to global ischaemiareperfusion injury. The abrupt cessation of blood flow
causes ischaemia and hypoxia. Cell membrane ion transporters, which require oxygen-dependent adenosine triphosphate, stop functioning. Calcium floods into the cells
[4], promoting apoptosis, in addition to excitotoxicity,
whereby neurotransmitters are over-stimulated leading to
neuronal damage [5]. Reperfusion injury occurs when CPR
is commenced, bringing about oxidative stress and the formation of free radicals and reactive oxygen species [6].
These are very damaging and react with many macromolecules, including DNA, proteins and lipids. In addition, global reperfusion leads to activation of leukocytes causing an
inflammatory stress response, disrupting the blood-brain
barrier, causing further damage by fluid leaking into the
intracellular space leading to cerebral oedema [6]. CPR partially reverses the ischaemia but it is not as effective as the
heart, and cerebral perfusion pressure remains low until
ROSC is achieved, at which point further reperfusion damage occurs [7].
Brain damage can seriously impact the lives of survivors of CPR sometimes causing permanent disability.
Studies have demonstrated that psychosocial and cognitive impairment are more common in those surviving
cardiac arrest with a brain injury; anxiety, depression
and post-traumatic stress disorder are increased; and
social interaction is reduced [8, 9]. In addition, memory
loss is particularly common after cardiac arrest [10]. It is
unclear whether ischaemic-reperfusion damage is the
direct cause, due to the life-changing impact any critical
illness may have. However, it has been demonstrated
that the brain regions associated with these problems
are more susceptible to anoxic injury [5].
Considering the damaging effects of CPR, the difficult
decision about when to terminate resuscitation attempts
in those with no ROSC must be made by healthcare professionals. Although extensive research has been conducted in order to create and validate the Termination
of Resuscitation rule for the prehospital setting [11],
current guidelines for the hospital setting are ambiguous.
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Both the UK and European Resuscitation Councils suggest considering terminating CPR after 20 min of asystole [12, 13], however this has little empirical support.
The American Heart Association (AHA) guidelines simply state that clinical judgement should be used to make
the decision [14]. Ultimately potential risks and benefits
of carrying on CPR must be weighed up, therefore the
possibility of a link between prolonged CPR and brain
injury, should influence decisions for CPR termination
when there is no ROSC.
Brain injury is always a risk in cardiac arrest patients
achieving ROSC, however it is possible that prolonged
CPR may cause further damage due to reduced cardiac
output during resuscitation. This review seeks to explore
whether the risk of brain damage increases with prolonged CPR in the hospital setting. Previous research has
looked at various aspects of CPR, though evidence focusing on this area has not been reviewed in a systematic
way. The aims of this systematic review were therefore to
explore the effects of duration of CPR on neurological
outcome in survivors of both in-hospital cardiac arrest
(IHCA) and out-of-hospital cardiac arrest (OHCA)
achieving ROSC in hospital and to investigate whether
there is a maximum duration of CPR to avoid or reduce
the risk of unfavourable outcome.

Methods
In order to conduct a systematic review in a way that
minimised bias, the PRISMA statement, which is designed
for the reporting of systematic reviews, particularly intervention studies, was followed [15]. A protocol for this
systematic review was developed by the author and a
reviewer experienced in systematic reviews.
Search methods

A search of Cinahl, Medline, PubMed, Scopus and Web
of Science was conducted in March 2016. Since not all databases used medical subject headings (MeSH), a combination of MeSH terms and keywords were used
(Table 1). An example of this is given in Additional file 1:
Appendix 1. Creation of the search string was overseen by
a subject specific librarian. In addition, reference lists of
relevant papers and the journals Resuscitation and Circulation, which are the European Resuscitation Council and
AHA’s journals respectively, were hand searched. All retrieved papers were entered on a reference management
software (RefWorks), and duplicates were removed. Potentially relevant articles were then screened based on title
and then on reading the abstract. If they appeared relevant, the full-text articles were assessed for eligibility (Fig.
1). The literature search period was from January 2010 to
March 2016. Inclusion and exclusion criteria for the review are presented in Table 2. Studies reporting CPR on
children were not included due to the differences in
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Table 1 Search strategy
Database

Keywords

Cinahl (EbscoHost)

Resuscitation, Cardiopulmonary (MeSH)

Limits
duration

neurolog*

Jan 10 – Mar 16

time

cogniti*

English

“cerebral performance”
“function* outcome”
Medline (OVID)

Cardiopulmonary resuscitation (MeSH)

duration

neurolog*

Jan 10 – Mar 16

time

cogniti*

English

“cerebral performance”
“function* outcome”
PubMed (NCBI)

“Cardiopulmonary resuscitation”

duration

neurolog*

Jan 10 – Mar 16

“Advanced cardiac life support”

time

cogniti*

English

“Advanced life support”

“cerebral performance”
“function* outcome”

Web of science

“Cardiopulmonary resuscitation”

duration

neurolog*

Jan 10 – Mar 16

“Advanced cardiac life support”

time

cogniti*

English

“Advanced life support”

“cerebral performance”
“function* outcome”

Scopus

“Cardiopulmonary resuscitation”

duration

neurolog*

Jan 10 – Mar 16

“Advanced cardiac life support”

time

cogniti*

English

“cerebral performance”

Health sciences

“function* outcome”

Life sciences

“Advanced life support”

Fig. 1 Flowchart of the literature search and selection process
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Table 2 Eligibility criteria for the selection of papers
Inclusion

Exclusion

Population

Adults survivors of cardiac arrest receiving Animal studies; paediatrics
resuscitation in hospital

Intervention

CPR duration described as collapse to
ROSC

Outcomes
measured

Neurological outcome of survivors of CPR Studies in which CPR duration is not compared with neurological outcome

Type of article

Research studies

Case studies

Language

English

Papers not published in English

Date

Published from 01/01/2010

Published prior to 2010

Prehospital ROSC; additional interventions including but not limited to extracorporeal
resuscitation, therapeutic hypothermia

aetiology and physiology of cardiac arrest [16]. Paediatrics
tend to have a much higher survival rate but poorer
neurological outcome, therefore this could bias the synthesis of findings of this review [17].
Data extraction

Information from the included studies was extracted on
an Excel data extraction form and consisted of the studies’ characteristics (bibliographic details, aims and objectives of the study, methodology, population and setting)
and related findings (Table 3). Data extraction was completed by one author (CW) and overread by the second
author (NE). The level of agreement following overreading was high (>85%) and any disagreements were
discussed and resolved between the authors.
Quality appraisal

The National Institute of Health’s [18] Quality Assessment Tool for Observational Cohort and CrossSectional Studies which focuses on key study components such as participants, measurement of variables
and control of confounders was selected to appraise the
papers, but was adapted to simplify it and increase its
relevance to the studies appraised (Table 4). Repeated
exposure assessment and follow-up rate were removed
as they were not relevant to the study type. The papers
were given a score out of 12 based on how many questions were answered favourably. The appraisal was performed by one reviewer (CW) and checked by a second
reviewer (NE).

Results
Search outcomes

Following a systematic literature search in five databases,
2137 studies were found in total, with an additional 23
studies found from hand searching. After removing
duplicates, 849 studies remained. These were screened
for relevance based on title and abstract. Based on title,
71 articles appeared relevant and a further 30 were
selected based on their abstract. Twenty-three of these
were discarded for not meeting the eligibility criteria for
this review. The most frequent reasons for exclusion
were that outcomes were not relevant to this review
(Fig. 1). A total of seven studies were included in the
review and were appraised for quality [20–26].
All of the papers were cohort studies and generally
used data collected routinely through national or hospital registries. Sample sizes ranged from 16 to 64,339.
Out of the six studies which reported participants’ demographics, five had an average age of participants of over
60 years, with the sixth study’s participants considerably
younger at 47 years. All had a greater number of males
than females. Three studies reported findings from
OHCA, three from IHCA and one study included both
OHCA and IHCA. Four of the studies were conducted at
a single site and three were multicentre, with the majority
conducted in Europe and the US. Five of the studies used
Cerebral Performance Category (CPC) and two used the
modified Rankin Scale (mRS) to measure neurological
outcome. Five studies measured the outcome at discharge,
one measured outcome at discharge with a follow-up at
one, six and 12 months and one measured 90 day outcome (Table 3).

Analysis

Quantitative content analysis of the studies’ findings
was undertaken as a meta-analysis was inappropriate
due to the lack of homogeneity between the studies
[19]. In addition to the primary outcome of interest,
which was the duration of CPR and associated neurological outcome, secondary outcomes including age,
gender, initial rhythm and location of arrest were
considered in the analysis.

Quality appraisal findings

The papers were given quality scores ranging from eight
to 11 out of 12 (Table 5), using the appraisal process
described. All studies had clear objectives. Appropriate
approach and design were always used, but not always
clearly stated. The quality of selection of participants was
mixed. Five studies clearly demonstrated their recruitment
and sampling methods with eligibility criteria and had a

Title

A validated
prediction
tool for
initial
survivors
of in-hospital
cardiac
arrest

Predictors
of functional
outcome
after
intraoperative
cardiac
arrest

Duration of
resuscitation
effors and
survival after
in-hospital
cardiac arrest:
an observational
study

Author,
year of
publication

Chan et al.,
2012 [20]

Constant
et al.,
2014 [21]

Goldberg
et al.,
2012 [22]

USA

France

USA
(Not
stated
in study)

Country
of origin

to investigate
whether
duration
of resuscitation
attempt varies
between
hospitals
and whether
patients
at hospitals
that attempt
resuscitation
for longer
have higher
survival rates
than those
with shorter
durations
of resuscitation
efforts

to identify
factors
associated
with 90-day
favourable
functional
outcomes
in adults
admitted
to the ICU
after
succesful
resuscitation
of intra-operative
CA

to develop
a valid and
clinically
useful
risk prediction
tool among
succesfully
resuscitated
patients with
an IHCA,
to estimate
favourable
neurological
survival

Aims/
objectives

Table 3 Data extraction table for included studies

National CA
database
(GWTG-R
registry)

Medical
records
(Utstein
format)
interviewing
patients,
NOK, GP,
neurologist

Cohort study

Cohort study

National CA
database
(GWTG-R
registry)

Data
collection

Cohort study

Study
design

64,339
(8724 with
CPC score)

140

42,957

n=

69
(57–78)

60
(46–70)

68
(56–78)
Mean 66

Age
(yrs)
median
(IQR)
or mean
± SD

55.8

56.4

56

Gender
(% male)

Incl:
2000–2008;
adults
(≥18 yrs);
first CA
during
inpatient
stay Excl:
ICD; arrest
location
ED, OT,
post-op,
procedural
areas,
rehab
areas;
<2 mins
arrest;
incomplete
data

Incl:
2000–2013;
adults;
received
anaesthesia,
admitted
to ICU
after
succesful
resuscitation

Incl:
2000–2009;
adults
(≥18 yrs),
achieved
ROSC
Excl: Arrest
location
ED, OT,
post-op,
procedural
areas;
incomplete
data

Inclusion
(Incl)
Exclusion
(Excl)

IHCA

IOCA

IHCA

Type
of
CA

USA,
multicentre,
435
hospitals

France,
multicentre,
11 hospital
ICUs

USA,
multicentre,
551
hospitals

Location

Neurological
status at
discharge
measured
by CPC score

Functional
status at 90
days measured
by CPC
score

Neurologically
favourable
survival to
discharge
measured
by CPC score

Outcome
measures

No significant link
between duration
of CPR and
neurological
outcome

Shorter duration
of CPR is associated
with a more
favourable outcome
(CPC 1–2)

Duration of CPR
is a good predictor
of neurological
status at discharge

Findings
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Predictors
of survival
and favourable
outcomes
after an
out-of-hospital
cardiac arrest
in patients
systematically
brought to a
dedicated
heart attack
cener (from
the Harefield
cardiac
arrest study)

Duration
of resuscitation
effors and
functional
outcome
after out-ofhospital
cardiac
arrest when
should
we change
to novel
therapies?

One-year
follow-up
of neurological
status of
patients
after
cardiac
arrest
seen at the
emergency
room of a
teaching
hospital

Factors influencing
outcomes after
cardiopulmonary
resuscitation in
the emergency
department

Iqbal et al.,
2015 [23]

Reynolds
et al.,
2013 [24]

VanciniCampanharo
et al.,
2015 [25]

Xue et al.,
2013 [26]

China

Brazil

USA

UK

Country
of origin

to assess
the factors
influencing
outcome
of CPR in ED

to describe
neurological
status and
associated
factors of
survivors
after CA,
upon
discharge
and at six
and twelve
month
follow ups

to estimate
the dynamic
probability
of survival
and functional
recovery as
a function
of resuscitation
effort duration
to identify
when to
use novel
therapies

to determine
the predictors
of favourable
functional
status at
discharge
and long-term
survival in
patients
experiencing
out of hospital
CA who
are brought
to a dedicated
heart attack
centre

Aims/
objectives

Cohort study

Hospital
registry
Utstein-style
template

Utstein-style
recording of
consecutive
IHCAs
Neurological
status
evaluated
with patient,
family or
guardian

Hospital
CA database
(Utstein-style
template)

Cohort study

Cohort study

National
research
database
(Utstein-style
template)
Case notes
reviewed
for data
on functional
status

Data
collection

Cohort study

Study
design

not
stated

46.94
±
19.05

725

Mean
65.2

65
(56–65)

Age
(yrs)
median
(IQR)
or mean
± SD

16

1014

174

n=

71.6

not
stated

57.7

79.9

Gender
(% male)

Incl: 2005–2011;
adults (≥16 yrs)
Excl: DNAR;
incomplete data

Incl:
2011–2012;
adults
(≥17 yrs);
resuscitated
in ED;
survivors
to discharge

Incl:
2005–2011;
adults
(≥18 yrs)

Incl:
2011–2013

Inclusion
(Incl)
Exclusion
(Excl)

IHCA and OHCA

OHCA

Non-traumatic OHCA

OHCA

Type
of
CA

China,
single site,
city hospital
ED

Brazil,
single
site, city
hospital
ED

USA,
single
site, ED

UK,
single
site,
dedicated
heart
attack
centre

Location

Neurologically
favourable
survival to
discharge
measured
by CPC score

Neurological
status at
discharge,
1, 6 and
12 months
measured
by CPC score

Functional
status at
discharge
measured
by mRS

Functional
status at
discharge
measured
by mRS

Outcome
measures

CPR ≤15mins
had significantly
higher percentage
of survivors with
a neurologically
favourable
outcome

No significant
link between
duration of
CPR and
neurological
outcome

Shorter duration
of CPR is
independantly
associated with
survival to d/c
with a favourable
outcome
(mRs of 0–3)

Shorter duration of
CPR is a powerful
predictor of favourable
functional outcome
at discharge.

Findings

Abbreviations: CA cardiac arrest, CPC cerebral performance category, CPR cardiopulmonary resuscitation, d/c discharge, ED emergency department, GWTG-R get with the guidelines-resuscitation, ICD implantable cardioverter defibrillator,
ICU intensive care unit, IHCA in hospital cardiac arrest, IOCA intra-operative cardiac arrest, mRS modified Rankin scale, NOK next of kin, OHCA out of hospital cardiac arrest, OT operating theatre, post-op post-operative areas, ROSC return
of spontatneous circulation

Title

Author,
year of
publication

Table 3 Data extraction table for included studies (Continued)
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Table 4 Quality appraisal tool
Research question

Are the research question and objectives clearly stated?

Recruitment

Are the recruitment methods and study population clearly described?

Baseline measured

Was the outcome of interest measured prior to exposure to gain a baseline for the participants? Was this accounted for when
measuring the outcome?

Similar cohorts

Were eligibility criteria applied uniformly across cohorts and all participants recruited from the same or similar population?

Sample size

Is there a sample size justification, power description, or variance and effect estimates provided?

Causation

Was the exposure assessed prior to outcome measurement?

Time-frame

Was there sufficient time-frame to see an effect?

Exposure levels

Did the study examine different levels of the exposure of interest? (i.e. multiple categories of exposure or exposure measured
as a continuous variable)?

Exposure
measurement

Were the exposures (independent variables) measured in a way that minimised bias? Were they clearly defined, valid, reliable,
and implemented consistently across all study participants?

Outcome
measurement

Were the outcomes (dependent variables) measured in a way that minimised bias? Were they clearly defined, valid, reliable,
and implemented consistently across all study participants?

Blinding

Were assessors blinded to exposure? (Where researchers are using data already collected, this would be yes)

Confounders

Were key potential confounding variables identified and controlled for in statistical analysis? (i.e. were regression models used?)

clear description of the cohort in terms of age and sex
[20–24]. Other demographics such as ethnicity were not
usually included. In five of the studies it was unclear
whether any neurological deficit prior to cardiac arrest
was accounted for [21–24, 26]. However this may have
had little impact as Chan et al. [20] found that when
restricting the cohort to include only those with a
favourable neurological status it made little to no difference to the overall results. All of the studies recruited
participants from similar cohorts. None of the studies provided justification for the choice of sample size however
many of the studies had a large sample, therefore this does
not necessarily reflect low quality. The study by VanciniCampanharo [25] had a small sample size of n = 16, and
received a relatively low appraisal score, therefore it
was not included in the comparative analysis due to
high risk of bias.
Each of the studies reported a rigorous approach to
measurement of the variables. In all studies exposure was
assessed prior to outcome, which provides stronger evidence that the exposure caused the outcome. All studies
had sufficient time-frame. All except one study [26] used
different levels of exposure, either by using several timecategories or time as a continuous variable. All studies
used Utstein-style reporting to minimise the risk of bias
when measuring both CPR duration and neurological outcome. Five were blinded to the outcome [20, 22–24, 26],
as the data was not collected by the researchers; for the
other two studies this is unclear [21, 25]. All studies had
clear statistical methods and six of the studies controlled
for confounding variables in their analysis [20–24, 26].
Data synthesis findings

Five studies found a significant link between shorter duration and favourable neurological outcome (CPC 1–2 or

mRS 0–3) [20, 21, 23, 24, 26]. One study found no significant link between rate of favourable outcome and
CPR duration but did find a worse outcome in those
with a longer duration when looking at mean and
median scores. This was one of the highest quality studies and had a very large, representative study population.
There was no obvious difference in neurological outcomes between the studies looking at OHCA and IHCA.
Of the three studies looking solely at IHCA, two found a
significant link [20, 21] and the other did not. The two
studies including only OHCA both found a significant link
between duration and neurological outcome. Three of the
studies looked at the average duration of favourable and
unfavourable outcomes [21, 23, 24]. One of these studied
IHCA and had an average of 6 minutes of CPR for a good
outcome compared to 15 minutes for a poor outcome.
Similarly the two OHCA studies had an average duration
of four and 6.2 min for good outcome and 16 minutes in
both studies for a poor outcome. One study including
both IHCA and OCHA found that patients who had an
OHCA had a significantly worse outcome than IHCA.
None of the studies looked at characteristics of those
with and without neurological deficit at different durations, however many of the studies did look at the association of various variables with neurological outcome.
There was mixed evidence on the effect of age. Of the
five studies which looked at age, three found that older
age is significantly linked with poorer outcome [20, 23,
24] and two found no significant link [21, 26]. Four
studies also looked at gender and found no significant
link to outcome [21, 23, 24, 26]. The most notable other
factor which was investigated in all studies was the relationship between neurological outcome and shockable
(ventricular fibrillation or pulseless ventricular tachycardia) or non-shockable (asystole or pulseless electrical

y

y

Xue et al., 2013 [26]

Iqbal et al., 2015 [23]

y

y

Goldberger et al., 2012 [22]

Vancini-Campanharo et al.,
2015 [25]

y

Constant et al., 2014 [21]

Reynolds et al., 2013 [24]

y

y

Chan et al., 2012 [20]

Research
question

Author, year

Table 5 Quality appraisal outcomes

n

n

y

y

y

y

y

Recruitment

unclear

y

unclear

unclear

unclear

unclear

y

Baseline
measured

y

y

y

y

y

y

y

Similar
cohorts

n

n

n

n

n

n

n

Sample
size

y

y

y

y

y

y

y

Causation

y

y

y

y

y

y

y

Timeframe

n

y

y

y

y

y

y

Exposure
levels

y

y

y

y

y

y

y

Exposure
measurement

y

y

y

y

y

y

y

Outcome
measurement

y

unclear

y

y

y

unclear

y

Blinding

y

n

y

y

y

y

y

Confounders

8

8

10

10

10

9

11

Score
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activity) rhythm. Shockable rhythm was almost always associated with a significantly better neurological outcome.
The only exception to this was in one study which found
this only to be the case in OHCA. Only one of the highest
quality studies looked at the neurological outcomes of
patients with shockable and non-shockable rhythms at
different durations and found that duration had a greater
impact on shockable than non-shockable rhythms.

Discussion
This systematic review found seven studies of varying
quality reporting on duration of CPR and neurological
outcome. Generally, neurological outcomes were better in
patients who achieved ROSC after a shorter time, however
this review has revealed no definitive maximum duration,
beyond which CPR may be futile. Due to the heterogeneity
of data interpretation, analyses and reported outcomes, it
was not possible to determine a time beyond which resuscitation would be unlikely to yield a favourable outcome.
There was insufficient evidence to determine a meaningful
difference between OHCA and IHCA. There was considerable variation in findings when looking at age as a factor
in neurological outcome, though findings that gender is
irrelevant were conclusive. Shockable rhythm was a
significant predictor of favourable outcome.
Most of the studies confirmed that more favourable outcomes were associated with shorter duration of CPR. In
part, this echoes the systematic review by Moulaert et al.
[9] which investigated duration as a confounding variable
to cognitive impairment following OHCA. Of the two
studies which identified confounding variables, both demonstrated an association between time to ROSC and cognitive outcome. However, in contrast to our findings, four
studies in Moulaert et al.’s review found no confounding
variables. By using number of doses of adrenaline and
number of shocks as proxy markers, Kaye [27] associated
better outcomes with shorter durations, however caution
must be applied as the methodology was unclear and of
poor quality. Similar findings have been reported in the
prehospital setting; for example both Abe et al. [28] and
Grunau et al. [29] found that favourable neurological outcome is more likely with a shorter time to ROSC. There
were some differences between those experiencing ROSC
in the prehospital and the hospital setting. Abe et al. [28]
and Matsuyama et al. [30] found when looking at patients
with good outcomes, CPR duration was shorter in those
with prehospital ROSC. It would be interesting to explore
whether this is influenced by the Termination of Resuscitation rule for the prehospital setting.
Xue et al. [26] found that there was a significantly better neurological outcome in those who had an IHCA
compared with those with OHCA. They also reported
that arrests witnessed by medical staff had a significantly
better neurological outcome. Both of these findings are
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consistent with greater likelihood that time between
arrest and commencement of CPR was relatively short.
Iqbal et al. [23] found that bystander CPR also had a
significant impact on neurological outcome. It may be
that the increased period of hypoxia whilst no CPR is
being carried out leads to brain damage further exacerbated by reperfusion injury. However Storm et al. [31]
when investigating the effect of cerebral oxygenation
during CPR found that a low value at the beginning of
treatment on arrival of emergency services was not a
good predictor of ROSC or neurological outcome. In
contrast, Parnia et al. [32] found that in IHCA, cerebral
oxygenation values were a significant predictor of a
neurologically favourable survival.
Despite generally finding a significant correlation between duration and neurological outcome, the incidence
of complete recovery after prolonged CPR is high. For
example Goldberger et al. [22] found that 73.8% of people
receiving CPR for more than 30 min survived neurologically intact. Case studies, which often report remarkable
outcomes, were excluded from this review due to the risk
of publication bias however their findings can be interesting and useful. In a review of all published cases of
patients who underwent prolonged CPR of greater than
20 minutes, 78% recovered with a favourable neurological
outcome [33]. The median duration of resuscitation in the
reviewed cases by Youness [33] was 75 min with a range
of 20–330 min. In these cases it appears that duration had
little impact on outcome. It is fair to conclude it would be
unethical to specify a maximum duration after which CPR
should be terminated.
The study by Goldberger et al. [22] found no significant
link between the rate of favourable neurological outcome
and duration of resuscitation. This was a high-quality
study, with a very large sample size and has been widely
referenced, including by the Resuscitation Council (UK)
[34]. However they did find that mean and median CPC
scores were higher in those who had a shorter duration. It
is possible to reach very different conclusions depending
on whether selecting mean CPC score (p = 0.0001) or proportion of people with favourable outcome (p = 0.131)
when interpreting the data. Despite the similarities in data
collection between the studies, there was considerable
variation in data interpretation and presentation of results.
Arguably, it is potentially more meaningful to focus on
the proportion of people with a good or bad outcome than
average CPC score because of the discrete nature of the
CPC scale. Goldberger et al.’s [22] results are consistent
with two separate population groups – one with a good
prospect of recovery, in which duration of CPR had little
effect, and a larger second group with poorer prospects of
recovery, and amongst whom damage was more likely to
increase with time of CPR. This hypothesis could explain
their apparently conflicting results in which average CPC
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score correlates with CPR time, but percentage of good
outcomes does not.
If this interpretation is correct, it has important implications. If the patient is likely to have a good outcome then
prolonged CPR is justifiable, whereas in those cases where
the arrest is likely to have a poor outcome this may
worsen with prolonged CPR. It is therefore important to
better understand other arrest factors which have an
impact on outcome. In Youness et al.’s [33] study of prolonged CPR, the participants were generally young, with
no co-morbidities and had cardiac arrest with reversible
causes, however these findings are not discussed in depth
and further research is needed.
Significance between shockable rhythm and favourable
outcome was identified across all studies in this review.
Three large (n = 30,716, 64,339 and 91,658), good quality
studies, exploring CPR duration, found an association
between shockable rhythm and shorter duration of resuscitation as a predictor of favourable neurological outcome
[22, 35, 36]. This may be an indicator of the importance of
cause of arrest in likelihood of survival with a good
outcome. However, little research has been done to investigate the link between initial rhythm and neurological
outcome with prolonged CPR.
Only one of the papers in this review considered institutional duration of CPR. Goldberger et al. [22] found a
higher overall survival rate in those hospitals which had a
longer average duration of CPR, but found no difference
between hospitals when looking at favourable neurological
outcome to discharge. Cha et al. [36] similarly found a
higher survival rate with longer institutional duration of
CPR. This implies that if CPR were attempted for longer
there may be a higher survival rate, which contradicts the
majority of findings from this review. However Cha et al.
did not report these findings in relation to neurological outcome of survivors. Hospitals which resuscitate for longer
may give better quality resuscitation and more aggressive
treatments which may lead to increased survival [36]. This
is an interesting area for future research.
All the studies in this review adopted the Utstein-style
for data collection. This is the internationally standardised
format for reporting cardiac arrest data for both OHCA
and IHCA [37], however, there is limited research demonstrating its validity and reliability. According to Utsteinstyle reporting, neurological outcome following cardiac
arrest should be recorded using either CPC or mRS [37].
These outcome measures are used in all the studies
reviewed. There is no evidence to justify the assumption
that this should improve the validity of the studies’ findings. Studies have found a lack of validity and reliability of
CPC and mRS due to significant variability between the
two; limited ability to differentiate between levels of outcome; and lack of focus on any specific aspect of functioning [38–40]. This may have affected the quality of our
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findings which would have been more reliable had there
been a standardised measure for neurological outcome
implemented across clinical practice.
Since the searches were conducted there has been
additional research published which would have met the
inclusion criteria for this study. Four studies, all set in
the emergency department were found; one focused on
IHCA [41] two on OHCA [42, 43] and one studied both
IHCA and OHCA [44]. All four studies found that
increased duration of CPR led to a significantly poorer
neurological outcome, which was measured by CPC in
three of the studies [41–43] and by ability to follow
commands in the fourth [44]. The inclusion of these
more recent studies would not have changed the conclusions of this review.
This review has identified some interesting findings that
require further investigation. It is unclear why some survivors of prolonged resuscitation had complete neurological
recovery whilst others did not and further research focusing on duration of CPR, neurological outcome and the
factors that affect these may help to answer this.
Strengths and limitations

To find all the literature on this topic, thorough, systematic searches were conducted. The risk of missing potentially relevant articles when searching was minimised by
searching five different databases and hand searching
relevant journals and reference lists. Creating a search
strategy and selection of papers was only carried out by
one reviewer which is a limitation of this study, however
this was overseen by a subject specific librarian and
approved by a second reviewer.
The inclusion and exclusion criteria may be a further
limitation for this study. The search was limited to papers
in English which could introduce language bias. Due to
frequent changes in CPR guidelines and ever-improving
outcomes, the search was limited to studies published
after 2010 in order to keep a relatively narrow time-frame
in which practices could be assumed to remain fairly consistent. Wang et al. [45] found a higher probability of
favourable neurological outcome with CPR conducted
after 2010 due to the vast changes in guidelines that year,
however only two of the studies were based entirely on
data collected since 2010 with some including results
reported in 2000. There is clearly a risk of variation associated with changes in practice. Therapies supplementary to
advanced life support such as extracorporeal resuscitation
or therapeutic hypothermia were excluded from the
review. These may have an important effect on outcomes,
but would have led to a much more complex review with
difficulty isolating the findings. Excluding this potentially
large volume of literature means that caution should be
used in extrapolating the findings to this population.
Excluding patients who achieved prehospital ROSC may
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have introduced bias, however papers investigating prehospital ROSC report similar findings to those studies
included for review [28–30].
The similarity in the design and methods of the studies
allowed comparisons to be drawn using the same appraisal
tool across the studies, maintaining objectivity and minimising bias. All parameters in the chosen appraisal tool
were equally weighted despite the possibility of some having greater influence in the overall quality than others. The
appraisal tool highlighted the main areas in which bias
could have been introduced but did not discriminate
between large and small flaws. An alternative may have
been to use a scale however this may be more subjective.
The included studies relied on retrospective collection of
registry data. There is potential for errors in data collection,
variation of recording methods between hospitals or misinterpretation of data [22, 35]. It would be highly unethical to
conduct experimental studies in this area of research. As
with any systematic review, there is a risk of publication
bias as many papers will only report significant findings.
With only a small number of relevant studies, it proved
impossible to restrict studies to only those of the highest
quality. The limited similarity between studies prevented
conducting a meta-analysis.
Overall this literature review included a number of steps
to maintain quality. Bias was minimised by following the
PRISMA procedure with minimal deviation. Reporting of
methods was transparent throughout to increase replicability. Consistency of findings amongst the majority of
the studies increases confidence in the findings of this
review. The findings are generalisable to the study population, as both IHCA and OHCA in most hospital settings,
all arrest types and a wide variety of hospitals and locations were included. The review sought only to study the
adult population and therefore the findings cannot be
applied to paediatrics.

Conclusions
Current guidelines on terminating in-hospital resuscitation are discussed very briefly, leaving healthcare professionals to use clinical judgement as the main factor when
making these decisions. It is hoped that in the future,
enough conclusive evidence from quality research will
lead to provision of clearer guidance on terminating resuscitation in the hospital setting. This systematic review
sought to find out whether duration of CPR has an impact
on neurological outcome of survivors of cardiac arrest.
Seven studies were included for review. These were
appraised for quality and were mostly of a high standard.
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however a cut-off beyond which resuscitation is
likely to lead to unfavourable outcome was not
possible to determine and is unlikely to exist, as
many people survive prolonged cardiac arrest with
minimal consequences.
 There is not enough evidence to create a definitive
rule for termination of CPR in the hospital setting.
Clinicians should continue to take into account that
in many cases the chance of neurologically favourable
survival decreases the longer CPR is continued, however
this alone is not enough to make the decision to
terminate efforts.
 There is a need for a validated and reliable measure
of neurological outcome following cardiac arrest.
 Future research is required in several areas in order
for more specific guidelines around the duration of
resuscitation attempts to be created.
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