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Abstract

Background: To enable older people to make decisions about the appropriateness of cardiopulmonary
resuscitation (CPR), information is needed about the predictive value of pre-arrest factors such as comorbidity,
functional and cognitive status on survival and quality of life of survivors. We systematically reviewed the literature
to identify pre-arrest predictors for survival, quality of life and functional outcomes after out-of-hospital (OHC) CPR
in the elderly.

Methods: We searched MEDLINE (through May 2011) and included studies that described adults aged 70 years and
over needing CPR after OHC cardiac arrest. Prognostic factors associated with survival to discharge and quality of
life of survivors were extracted. Two authors independently appraised the quality of each of the included studies.
When possible a meta-analysis of odd’s ratios was performed.

Results: Twenty-three studies were included (n = 44,582). There was substantial clinical and statistical heterogeneity
and reporting was often inadequate. The pooled survival to discharge in patients >70 years was 4.1% (95% CI 3.0-
5.6%). Several studies showed that increasing age was significantly associated with worse survival, but the predictive
value of comorbidity was investigated in only one study. In another study, nursing home residency was
independently associated with decreased chances of survival. Only a few small studies showed that age is
negatively associated with a good quality of life of survivors. We were unable to perform a meta-analysis of
possible predictors due to a wide variety in reporting and statistical methods.

Conclusions: Although older patients have a lower chance of survival after CPR in univariate analysis (i.e. 4.1%),
older age alone does not seem to be a good criterion for denying patients CPR. Evidence for the predictive value
of comorbidities and for the predictive value of age on quality of life of survivors is scarce. Future studies should
use uniform methods for reporting data and pre-arrest factors to increase the available evidence about pre arrest
factors on the chance of survival. Furthermore, patient-specific outcomes such as quality of life and post-arrest
cognitive function should be investigated too.
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Background
Cardiopulmonary resuscitation (CPR), which was devel-
oped in the 1950s [1], is a treatment for cardiac arrest,
which is a potentially lethal condition. Unfortunately,
the success rates for CPR are poor. The percentage of
patients who leave the hospital alive following the pro-
cedure varies from 0% to 20% and has not significantly
improved in the last 30 years [2,3]. This might be caused
by the increasing age of the population, longer EMS re-
sponse time intervals attributable to urbanization and
population growth and the declining incidence of ven-
tricular fibrillation arrests [3].
With increasing age, the prevalence of morbidity and

disability clearly increases, while perceived health status
and physical well-being decrease [4-6]. The question
arises whether CPR is appropriate for elderly patients who
are multiply impaired and have limited life expectancy
given their reduced likelihood of survival with a reason-
able quality of life.
Many studies and reviews have reported on the

chances of success. Sasson et al. studied the survival of
out-of-hospital cardiopulmonary resuscitation and found
that the success rate depends on arrest factors, such as
witnessed arrest, provision of bystander CPR, shockable
cardiac rhythm, time to arrival of ambulance and recov-
ery of spontaneous circulation (ROSC) before hospital
admission [3]. However, all or most of these factors are
unknown when the decision about CPR is made. A re-
cent meta-analysis by Ebell et al. [2] identified several
pre-arrest predictors of failure to survive cardiopulmo-
nary resuscitation for the in-hospital setting, although
these factors were investigated in only few studies.
In spite of the wealth of literature, the exact effects of

age and pre-arrest factors on survival remain unclear.
Furthermore, it is unclear whether failure to survive in
an out-of-hospital setting depends on age alone or on
other pre-arrest factors such as cognitive impairment and
comorbidity that are more prevalent at older ages [7,8].
In this systematic review, we aim to provide an over-

view of the current evidence on the association between
pre-arrest factors and the probability of survival to
discharge and beyond after out-of-hospital cardiac arrest
(OHCA) and the quality of life of elderly (>70 years) sur-
vivors. This could inform the decision-making process
about the desirability of cardiopulmonary resuscitation
with evidence on the actual chances of survival in good
health in patients with advanced age, comorbidity and/
or nursing home residency.
Methods
Search strategy
We searched MEDLINE with an extensive search strategy
to identify studies published between January 1980 and
May 2011 that investigated prognostic factors for survival
of out-of-hospital CPR (Additional file 1). In addition, we
checked the reference lists of the selected studies to identify
missing relevant articles and we used a multidisciplinary
Dutch guideline about decision-making on resuscitation in
older patients as an additional source of studies [9]. For this
guideline, MEDLINE, Embase, Web of Science, CINAHL,
Cochrane DSR, DARE and Cochrane Controlled Trial
Register and DARE were searched to identify studies
published between 1950 and 2008.
The root search was a combination of synonyms for

cardiopulmonary resuscitation ([cardiopulmonary resus-
citation] OR [CPR] OR [mouth to mouth]) and search
terms for cardiopulmonary arrest ([heart arrest] OR [car-
diac arrest] OR [cardiopulmonary arrest] OR [sudden
death]) combined with outcomes ([quality of life] OR
“cerebral recovery” [tiab] OR [functional impairment]
OR “hospital discharge” [tiab]). All search terms were
entered as free text words and as Medical SubHeadings
(MeSH-terms). To limit the results to the geriatric popu-
lation, we used a sensitive filter for geriatric medicine [10].
The search strategy is available through the authors.
Study selection
First, one author (EvdG) selected studies based on the
titles and abstracts. Then, two researchers (EvdG and
FvdW) screened the full texts of the remaining articles
more thoroughly. Disagreements were discussed with a
third reviewer (LH). Only studies that were written in
English were included.
For this review, we included studies that investigated pa-

tients who required CPR for a cardiopulmonary arrest in
an out-of-hospital setting (including nursing homes). We
defined cardiopulmonary arrest as the sudden cessation of
spontaneous circulation and respiration leading to loss of
consciousness and death when CPR is not provided. CPR
was defined as the use of chest compressions and rescue
breathing, with or without advanced life support, delivered
according to the protocols that were applied in the study
period.
We included studies in which the mean age of the par-

ticipants was 70 years or more or in which different age
groups were presented separately, including patients
aged 70 years or more. Eligible studies assessed ‘age’ as a
clinical predictor of survival or mortality after CPR, or
as predictor for the quality of life of survivors, both
univariably and multivariably. Studies also had to report
‘survival to discharge’ as a main outcome measure; stud-
ies that only reported ‘recovery of spontaneous circula-
tion (ROSC)’ or ‘hospital admission’ were excluded. We
excluded studies that described patients with loss of
consciousness due to seizure, sole respiratory arrest or
cardiopulmonary arrest due to trauma or drowning.
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Quality assessment
To assess the methodological quality of the included
studies, we used a checklist based on the checklist de-
veloped by Hayden et al. [11]. This checklist assesses six
domains of bias in a systematic review of prognosis
studies (Table 1). Each item could score ‘low risk of
bias’, ‘moderate risk of bias’, ‘high risk of bias’ or
‘unknown risk of bias’.
Two researchers (EvdG and FvdW) independently

performed the quality assessment. When necessary,
disagreements were resolved through discussion with a
third reviewer (LH).
Data extraction
We used a standardized form to collect information on
patients’ demographic and arrest characteristics. Fur-
thermore, we extracted data on survival to discharge and
beyond and on the quality of life, cognitive and func-
tional status of survivors if reported. The reported arrest
characteristics are all known to influence the outcome of
cardiopulmonary resuscitation and can be considered as
confounders for which analyses should be adjusted [3,12].
Table 1 Quality assessment of included studies

Potential bias Items to be considered for assessment o

Study participation Low risk of bias was assessed if no patients
criteria were adequately described.

Moderate risk of bias was assessed if the sa
arrest characteristics).

High risk of bias was assessed when both i

Study attrition Low risk of bias was assessed if there was n
number being analyzed. Also, there should
outcomes in participants who were analyze

Moderate risk of bias was assessed if loss to

High risk of bias was assessed when loss to

Prognostic factor measurement Moderate risk of bias was assessed if at leas

Low risk of bias was assessed when comor

The prognostic factor measure and method
bias. The method and setting of measurem
not the case, the risk of bias was assessed o

Outcome measurement For the outcome ‘survival’, this item was no

The outcomes ‘quality of life’ and ‘function
have been measured using a reliable and a

Confounding measurement
and account

Low risk of bias was assessed when was ad
provision of bystander CPR, interval to byst
risk of bias was assessed as moderately.

Measurement of confounders should have
confounding measurement should be the

High risk of bias was assessed when no adj

Analysis Low risk of bias was assessed when there w
When only the significant factors were repo
reported, the risk of bias was assessed high
The outcomes ‘survival to discharge’ and’30-day survival’
were combined into short-term survival. Other out-
come measures, such as long-term survival, quality of
life and functional dependence of survivors, were
reported separately.

Analysis
For studies that exclusively included participants aged 70
years or above or reported data on a subgroup with this
age and were sufficiently similar with respect to the par-
ticipant and arrest factors, we calculated a pooled overall
survival rate. We used an exact likelihood approach based
on the binomial within-study distribution. This model
allows for zero survivors in one or more studies [13]. Be-
cause we expected substantial heterogeneity in the
reporting of quality of life and functional dependence, we
did not pool these results. Nor did we perform a meta-
analysis of the prognostic accuracy of the various indi-
vidual prognostic factors, since we expected substantial
heterogeneity between the primary studies, for example in
the number and type of covariates that were studied and,
more importantly, in the predictors that were included in
a multivariable adjusted analyses (if done) [14,15].
f potential bias:

group was excluded from the study cohort and when in- and exclusion

mple was not adequately described for key characteristics. (age, sex,

tems were not adequately addressed.

o difference between eligible patients registered in a database and the
have been no important differences between key characteristics and
d the study and those who were not.

follow-up was described but was less than 20%.

follow-up was not described or was >20%.

t the prognostic factor ‘age’ was taken into account.

bidity and either functional dependence or comorbidity were reported.

should have been adequately valid and reliable to limit misclassification
ent should have been the same for all study participants. When this was
ne step higher.

t applicable.

al status’ of survivors were assessed separately. These outcomes should
dequately valid method, in order to assess a low risk of bias.

justed for all relevant confounders (shockable rhythm, witnessed arrest,
ander or EMS CPR start). If was adjusted for only one or two factors, the

been adequately valid and reliable, and method and setting of
same for all study participants.

ustment for confounders had taken place.

as sufficient presentation of data to assess the adequacy of the analysis.
rted in the multivariate analyses, or when adjustment factors were not
er.
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Results
Identification of studies
The search resulted in 5,436 articles (Figure 1). Of the
132 potentially relevant articles, 22 were included. In
addition, one additional record was identified through
other sources. The main reasons for exclusion were a
mean age below 70 or no separate subgroup with partici-
pants >70 years and the examination of in-hospital CPR
only. From the large Swedish cohort study by Herlitz,
from which many reports were published, we included
one key publication that met the inclusion criteria [16].

Quality of the included studies
The majority of the studies scored a low-to-moderate risk
of bias on the items of study participation, study attrition
and prognostic factor measurement (Figure 2).
When a high risk of bias was assessed for the domain

of study participation, it was because important baseline
characteristics such as comorbidity or age were missing.
In addition, some studies addressed a specific patient
group that did not match the current research question.
For example, some studies only described witnessed ar-
rests or only included patients who were admitted alive
[17,18]. The reasons for not reporting on the entire cohort
of resuscitated patients in the analysis were not always
listed. Therefore, it was not clear whether there were
differences between the participants who were analyzed
and those who were not, which could have introduced bias
on the item of study attrition.
On the item of prognostic factor measurement, most of

the studies were assessed as having a moderate risk of
bias. Typically, the prognostic factor ‘age’ was described;
Figure 1 Flowchart of selection of studies. IHC = in-hospital cardiac arre
however, other factors, such as co-morbidity or functional
dependence, were often not reported. In these cases, the
score on this domain was ‘moderate risk of bias’ at best.
In all cases the outcomes quality of life and functional

and cognitive status of survivors were measured adequately
and reliable, and therefore we assessed no risk on
misclassification bias on this item.
In only a few cases, the items of confounding and

analysis could be assessed as low risk of bias, because ad-
justment for response time, percentage bystander CPR and
type of rhythm was generally poorly controlled. Further-
more, when a multivariate analysis was performed, only the
variables that were statistically significantly associated with
the outcome in the univariate analysis were typically
presented, explaining the low score on the ‘analysis’ item.

Characteristics of the included studies
Additional file 2: Table S2 shows the characteristics of the
23 included studies. The total number of included patients
was 44,582, with an age range of 33–99 years. Of the stud-
ies, four exclusively included elderly patients [17,19-21]. In
five of the studies, the mean age of the included patients
was 70 years or above [22-26]. Fourteen studies provided a
subgroup of elderly patients. For these studies, only the
proportion survival in the oldest group is presented in
Additional file 2: Table S2 [16,18,27-38].
Thirteen studies were performed in the USA, and

eight in Europe. The study populations and registered
pre-arrest characteristics varied across studies. All stud-
ies were retrospective cohort studies or chart reviews,
with the exception of Ghusn [17], which was a case con-
trol study. All but one study [38] reported at least
st.



Figure 2 Quality assessment of included studies.
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survival to discharge; seven reported long term out-
comes as well [23,25,27,28,37,38].

Findings of the included studies
Survival
Fourteen studies were sufficiently clinically homoge-
neous to perform a meta-analysis for survival (Figure 3).
For patients aged 70 years or older, the pooled overall
survival to discharge was 4.1% (95% confidence inter-
val (CI) 3.0-5.6%; range 0–9.0%) (Table 2). This was
lower than the general survival, as reported by Sasson
et al. (pooled survival 7.6% (95% CI 6.7-8.4%) [3].
There was substantial clinical and statistical hetero-

geneity and reporting of statistical methods was often in-
adequate. Performing a meta-analysis of odd ratio’s
(ORs) was impossible due to a wide variety in the statis-
tical methods used such as the adjustment factors and
the statistical models. Table 2 shows that the chance of
survival significantly decreased as age increased, both in
univariate [16,22,27,30,32-34,38] and multivariate ana-
lyses [16,22,27,30,32-34]. In the multivariate analyses,
most studies included only arrest factors, such as
‘witnessed arrest’, ‘bystander arrest’ and ‘shockable
rhythm’ in the model; thus, these studies do not clarify
the influence of pre-arrest comorbidity and functional
status. Only the study of Fabbri [27] analyzed the effect
of pre-arrest co-morbidities on the chance of survival
(see Table 2). However, this study did not adjust for
arrest factors and only examined witnessed arrests. Of
the 23 included studies, six studies investigated the pre-
dictive value of nursing home residency for decreased
survival to discharge [17,19,20,30,32,38] (Table 3). For
this group, the absolute survival chances were low and
ranged from 0–5.1%. One study showed that nursing
home residency was significantly associated with a lower
chance of survival to discharge (OR 0.14) [19], whereas
Deasy et al. presented a significant OR of 0.26 that was
adjusted for arrest factors [30]. Although there were lim-
ited studies these data show that the chance of survival
for this group is lower.

Quality of life, functional and cognitive status of survivors
Of the included studies, eleven reported on characteris-
tics of survivors such as functional and cognitive status
[18,21,23,27-29,32,33,37,38] (Additional file 2: Table S2).
Quality of life of survivors was reported in only one
study [25].
Two studies reported that 7.5% of the patients for

whom resuscitation was attempted survived neurologic-
ally intact to one year; however, one of these studies only
examined witnessed arrests [27], and the other did not
specify this outcome for older patients [23]. In patients
that did not regain and sustain vital signs in the field,
only 0.6% survived to discharge neurologically intact



Figure 3 Pooled survival to discharge for patients aged 70 years and over after out of hospital cardiopulmonary resuscitation (%).
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[24]. Other studies that included only patients over 70
years showed that although the overall survival was low,
the majority of the survivors displayed moderate to good
cerebral performance [18,25,28,32,37]. The study of
Pleskot et al. showed no difference between younger and
older survivors in cerebral performance, but the number
of survivors was insufficient to identify significant differ-
ences [28].
In the Horsted study, survivors rated two of the eight

quality of life aspects of the SF-36 scale as significantly
worse than the age-matched normative scores. However,
no specification for age was made [25].

Discussion
Our review showed that, in general, patients aged over
70 years had less chance of surviving to discharge after
an out-of-hospital cardiac arrest (4.1% (95% CI 3.0-
5.6%)) than the patients of all age groups reported in a
previous review (pooled survival 7.6% (95% CI 6.7-8.4%)
[3]. Furthermore, the factors of nursing home residency
[19,20,30,32,38] and pre-arrest comorbidity [27] were
associated with decreased chances of survival. It was
striking that only one study investigated the predictive
value of pre-arrest comorbidity [27]. Although the
studies that reported on cognition, functional per-
formance and quality of life of survivors were
heterogeneous and not specifically concerned older
people, the conclusion can be drawn that most of the sur-
vivors were in acceptable health.
Information on the quality of life of survivors was

scarce in the included studies. In the literature, there are
some other studies available that investigated the quality
of life of a group of survivors. Two studies showed, that
in all age groups, post-resuscitation patients rated their
quality of life significantly lower than that of the general
population [25,39], whereas others showed that survivors
rated their quality of life the same as a matched cohort
[32,40]. In one study, age above 80 years was independently
negatively associated with a good quality of life compared
to age- and sex-matched samples from a cohort study (OR
0.3 [95% CI 0.1-0.8]) [41]. Whether this lower quality of
life would be a justification for a do-not-resuscitate
order is hard to define and is dependent on patient’s pref-
erences. Furthermore, because of the conflicting results,
larger cohort studies are necessary to define the true effect
of resuscitation on quality of life in post-resuscitation
patients.
Although the available evidence on the effect of pre-

arrest factors on survival is limited, it is important to
accurately inform older people of their limited chances
of survival following out-of-hospital CPR. Adams et al.
showed that elderly patients’ beliefs regarding the



Table 2 Reported odd’s ratio’s (OR) of included studies for survival after CPR

Prognostic factor Crude ORs
(95% CI)

OR in multivariate
analysis (95% CI)

Factors included in multivariate analysis

Applebaum 1990 [19] Nursing home
residency

0.14 (0.04-0.61) NR Not applicable

Ahn 2010 [22] Age 15–64 y 1.0 1.0 Gender, age, location, witness, initial rhythm,
elapsed time interval before start BLS1 and ALS2,
level of EMS3 provider (basic or intermediate).Age ≥ 65 y 0.54 (0.44-0.65) 0.50 (0.41-0.62)

Gender (male) 1.57 (1.29-1.92) 1.14 (0.93-1.42)

Deasy 2011 [30]
(Non-shockable
rhythms)

Age 65–69 y 1.0 1.0 Witnessed arrest, year in which arrest took place,
sex, provision of bystander CPR, EMS response
time, location of arrest.Age 70–74 y 0.87 (0.69-1.09) 0.93 (0.73-1.19)

Age 75–59 y 0.84 (0.68-1.05) 0.88 (0.69-1.11)

Age 80–84 y 0.78 (0.62-0.97) 0.86 (0.67-1.09)

Age 85–89 y 0.61 (0.48-0.79) 0.65 (0.49-0.85)

Age 90–94 y 0.42 (0.30-0.60) 0.45 (0.31-0.65)

Age 95–99 y 0.20 (0.08-0.50) 0.21 (0.08-0.52)

Deasy 2011 [30]
(Shockable rhythms)

Age 65–69 y 1.0 1.0 Witnessed arrest, year in which arrest took place,
sex, provision of bystander CPR, EMS response
time, location of arrest.Age 70–74 y 1.17 (0.92-1.49) 1.25 (0.97-1.61)

Age 75–59 y 1.24 (0.98-1.58) 1.29 (1.00-1.65)

Age 80–84 y 0.92 (0.71-1.19) 0.87 (0.66-1.15)

Age 85–89 y 0.85 (0.62-1.18) 0.82 (0.59-1.15)

Age 90–94 y 0.75 (0.45-1.25) 0.72 (0.42-1.24)

Age 95–99 y 0.12 (0.01-0.93) 0.11 (0.01-0.87)

Fabbri 2006 [27]4 Age >74 y vs. <74 0.39 (0.21-0.71) 0.41 (0.87-0.93) Initial rhythm, sex, age, comorbidity (history of
diabetes, hypertension, myocardial infarction),
seasonality, day-week, day-times, urban setting,
home location, response times.

Gender (male) 2.21 (1.11-4.41) 3.5 (1.18-10.36)

Heart failure41 0.04 (0.03-0.31) 0.37 (0.14-0.99)

Cardiovascular
disorder

0.28 (0.11-0.72) 0.40 (0.16-1.00)

0.38 (0.17-0.86) 0.34 (0.14-0.83)

Hypertension 0.36 (0.16-0.82) 0.70 (0.58-0.85)

Diabetes mellitus

Herlitz 2005 [16] Age > 73 y vs. < 73 y 0.53 (0.46-0.62) 0.63 (0.50-0.71) Witnessed arrest, initial rhythm, provision of
bystander CPR, ALS response interval, age, sex.

1.14 (0.97-1.33) NR

Gender (male)

Iwami 2006 [38] Nursing home 0.96 (0.39-2.4) NR

Kim 2000 [32] Age (per decade) NR 0.92 (0.85-0.99) Witnessed arrest, initial rhythm, sex, age, provision
of bystander CPR, location of arrest.

Gender (male) NR 1.03 (1.32-0.77)

Mosier 2010 [33] Age (per decade) NR 0.79 (0.67-0.93) Witnessed arrest, VF5, agonal respirations, EMS
response time, age.

Swor 2000 [34] Age 50–59 y 1.0 1.0 Witnessed arrest, VF, provision of bystander CPR,
ALS response interval <9 min.

Age 60–69 y 0.81 (0.52-1.26) 0.86 (0.52-1.42)

Age > 70-79 y 0.70 (0.44-1.10) 0.83 (0.50-1.37)

Age > 80 y 0.31 (0.17-0.57) 0.40 (0.20-0.82)
1Basic life support.
2Advanced life support.
3Emergency Medical Service.
4Fabbri: favourable outcome at discharge (= survival with an overall Performance Category 1–2).
5Ventricular fibrillation.
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chances of survival after CPR are overly optimistic.
Similarly, physicians’ expectations of the likelihood of
survival are not realistic [42]. However, older people
understand prognostic information, and such informa-
tion may alter their preferences with respect to resusci-
tation [43]. Decisions about CPR require the shared



Table 3 Reported odd’s ratio’s (OR) for nursing home residence of included studies for survival after CPR

Prognostic factor Crude ORs
(95% CI)

OR in multivariate
analysis (95% CI)

Factors included in
multivariate analysis

Outcome

Iwami 2006 [38] Nursing home (witnessed cases)
vs. arrest in other place

0.96 (0.39-2.4) NR Not applicable 1 year survival

Applebaum 1990 [19] Nursing home residents vs.
matched cohort

0.14 (0.04-0.61) NR Not applicable Surivival to discharge

Kim 2000 [32] Arrest in nursing home NR 0.61 (0.31-1.20) Witnessed arrest, initial
rhythm, sex, age, provision
of bystander CPR, location
of arrest

Survival to discharge

Awoke 1992 [20] No comparison made: “no
resident survived to discharge
from the hospital”

Survival to discharge

Deasy 2011 [30] Nursing home residency vs.
arrest at home/public place/other
(non shockable rhythms)

NR 0.26 (0.11-0.60) Witnessed arrest, year in which
arrest took place, sex, provision
of bystander CPR, EMS response
time, location of arrest.

Survival to hospital
discharge

Ghusn 1995 [17] Patients admitted alive: Nursing
home residents vs.. matched
cohort of older community
residing persons

1.15 (0.55-2.45) NR Survival to discharge
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decision making of the physician and patient (or proxy).
This kind of treatment decisions should be based on
both scientific evidence and doctor’s and patient’s
preferences.
Our review has several limitations most of which are

related to the retrospective design and quality of the ori-
ginal studies [44]. Firstly, there was large heterogeneity
in reported outcomes, variables and patient groups. Sec-
ondly, many studies did not report the number of cases
for which CPR was not attempted. We assumed that this
group was in poorer health than the group that experi-
enced a CPR-attempt, thereby overestimating the
chances of survival of the entire group. Notably, in the
study by Deasy et al., the percentage of patients for
whom resuscitation was not attempted increased with
age [30]. Third, the reported survival percentages varied,
which may be partially explained by the varied CPR
protocols and access to emergency services across the
studied cohorts. Furthermore, most authors only reported
the factors that were significantly associated with survival,
which resulted in a high risk of bias on this item.
Ebell et al. proposed guidelines for future research on

survival after in-hospital CPR. We believe that most of
these recommendations are valid for out-of-hospital
CPR too [44]. Their most important recommendation is
uniform reporting of predictor variables, in- and exclusion
criteria, demographic data and definitions of cardiopulmo-
nary arrest and resuscitation.
Although our aim was to provide older patients and

their doctors with sufficient information about the
chances of older people to survive resuscitation in good
health, the available evidence appeared to be limited.
From our data, it is not clear if age per se is a limiting
factor, because most studies did not adjust for pre-arrest
factors. Moreover, there was considerable statistical and
clinical heterogeneity, because of which performing a
meta-analysis of ORs was impossible.
Cohort studies of the predictors of survival of CPR

with consistent reporting of the statistical methods and
results of studies would facilitate the undertaking of
meta-analysis. This would provide useful information for
prognostication for elderly [14]. As quality of life and
cognitive and functional status are even more important
at older age than survival per se, these outcomes should
be reported too in future studies. This would help both
doctors and patients in decision-making about the desir-
ability of cardiopulmonary resuscitation.
Conclusion
Although older patients have a lower chance of survival
after CPR in univariate analysis (i.e. 4.1%), older age
alone does not seem to be a good criterion for denying
patients CPR. Evidence for the predictive value of
comorbidities and for the predictive value of age on
quality of life of survivors is scarce. Nursing home resi-
dency [19,20,30,32,38] and pre-arrest comorbidity [27]
were associated with decreased chances of survival. Fu-
ture studies should use uniform methods for reporting
data and pre-arrest factors to increase the available evi-
dence about pre arrest factors on the chance of survival.
Furthermore, patient-specific outcomes such as quality
of life and post-arrest cognitive function should be
investigated too.



van de Glind et al. BMC Geriatrics 2013, 13:68 Page 9 of 10
http://www.biomedcentral.com/1471-2318/13/68
Additional files

Additional file 1: Search strategy for MEDLINE.

Additional file 2: Table S2. Characteristics of included studies.

Competing interests
None of the authors have personal, financial or potential conflicts of interest.
This research was conducted for fulfillment of doctoral studies for Esther van
de Glind. Further support was provided by a grant from the Netherlands
Organization for Health Research and Development (ZonMW).

Authors’ contributions
EvdG performed the selection of studies, quality assessment, data-extraction,
interpreted the data and drafted the initial manuscript. BvM was involved in
the development of the protocol, the presentation of results, assisted in the
interpretation of data and supervised the final manuscript. FvdW served as
the second evaluator of the quality assessment and data-extraction. HvD
critically reviewed the draft. RS was involved in the development of the
protocol, the adaptation of the quality assessment tool, the statistical analysis
and commented on the draft. LH conceived and designed the study,
designed the quality assessment tool, supervised the process of quality
assessment, data-extraction and data-interpretation and supervised preparing
the manuscript. All authors read and approved the final manuscript.

Acknowledgments
A poster presenting these data has been presented at the Dutch Geriatrics
Society Annual Scientific Meeting, Poster Section, February 9, 2012. The
authors wish to thank René Spijker of the Dutch Cochrane Centre in
Amsterdam for performing the search and Dr. Jill Hayden from Dalhousie
University and the Cochrane Prognosis Methods Group for helpful
comments on the procedure used for quality assessment.

Author details
1Department of Internal Medicine, Section of Geriatrics, Academic Medical
Center, Amsterdam, the Netherlands. 2Dutch Cochrane Centre, Academic
Medical Center, University of Amsterdam, Amsterdam, the Netherlands.
3Gelre Hospitals, Department of Geriatric Medicine, Apeldoorn, the
Netherlands. 4Julius Center for Health Sciences and Primary Care, University
Medical Center, Utrecht, the Netherlands.

Received: 4 February 2013 Accepted: 24 June 2013
Published: 3 July 2013

References
1. Kouwenhoven WB, Jude JR, Knickerbocker GG: Closed-chest cardiac

massage. JAMA 1960, 173:1064–1067.
2. Ebell MH, Afonso AM: Pre-arrest predictors of failure to survive after in-

hospital cardiopulmonary resuscitation: a meta-analysis. Fam Pract 2011.
3. Sasson C, Rogers MA, Dahl J, Kellermann AL: Predictors of survival from

out-of-hospital cardiac arrest: a systematic review and meta-analysis.
Circ Cardiovasc Qual Outcomes 2010, 3(1):63–81.

4. Gijsen R, Hoeymans N, Schellevis FG, Ruwaard D, Satariano WA, van den Bos
GA: Causes and consequences of comorbidity: a review. J Clin Epidemiol
2001, 54:661–674.

5. Marengoni A, Angleman S, Melis R, Mangialasche F, Karp A, Garmen A, et al:
Aging with multimorbidity: A systematic review of the literature.
Ageing Res Rev 2011, 10:430–439.

6. Fried LP, Ferrucci L, Darer J, Williamson JD, Anderson G: Untangling the
concepts of disability, frailty, and comorbidity: implications for improved
targeting and care. J Gerontol A Biol Sci Med Sci 2004, 59:255–263.

7. Narang AT, Sikka R: Resuscitation of the elderly. Emerg Med Clin North Am
2006, 24:261–72.

8. Chamberlain D: Predictors of survival from out-of-hospital cardiac arrest.
Heart 2010, 96:1785–1786.

9. Verenso: Multidisciplinary guideline Decision-making CPR. [Multidisciplinaire
Richtlijn Besluitvorming over reanimatie]. April 2013. [http://www.verenso.nl/
assets/Uploads/Downloads/VER-003-25Richtlijnreanimatiedeel1DEF.pdf]

10. van de Glind EM, van Munster BC, Spijker R, Scholten RJ, Hooft L: Search filters
to identify geriatric medicine in Medline. J Am Med Inform Assoc 2011.
11. Hayden JA, Cote P, Bombardier C: Evaluation of the quality of prognosis
studies in systematic reviews. Ann Intern Med 2006, 144(6):427–437.

12. Herlitz J, Engdahl J, Svensson L, Young M, Angquist KA, Holmberg S:
A short delay from out of hospital cardiac arrest to call for ambulance
increases survival. Eur Heart J 2003, 24:1750–1755.

13. Hamza TH, van Houwelingen HC, Stijnen T: The binomial distribution of
meta-analysis was preferred to model within-study variability.
J Clin Epidemiol 2008, 61:41–51.

14. Riley RD, Abrams KR, Sutton AJ, Lambert PC, Jones DR, Heney D, et al: Reporting
of prognostic markers: current problems and development of guidelines for
evidence-based practice in the future. Br J Cancer 2003, 88:1191–1198.

15. Bouwmeester W, Zuithoff NP, Mallett S, Geerlings MI, Vergouwe Y,
Steyerberg EW, et al: Reporting and methods in clinical prediction
research: a systematic review. PLoS Med 2012, 9:1–12.

16. Herlitz J, Engdahl J, Svensson L, Angquist KA, Young M, Holmberg S:
Factors associated with an increased chance of survival among patients
suffering from an out-of-hospital cardiac arrest in a national perspective
in Sweden. Am Heart J 2005, 149:61–66.

17. Ghusn HF, Teasdale TA, Pepe PE, Ginger VF: Older nursing home residents
have a cardiac arrest survival rate similar to that of older persons living
in the community. J Am Geriatr Soc 1995, 43:520–527.

18. Tresch DD, Thakur R, Hoffmann RG, Brooks HL: Comparison of outcome of
resuscitation of out-of-hospital cardiac arrest in persons younger and older
than 70 years of age. Am J Cardiol 1988, 61:1120–1122.

19. Applebaum GE, King JE, Finucane TE: The outcome of CPR initiated in
nursing homes. J Am Geriatr Soc 1990, 38:197–200.

20. Awoke S, Mouton CP, Parrott M: Outcomes of skilled cardiopulmonary
resuscitation in a long-term-care facility: futile therapy? J Am Geriatr Soc
1992, 40:593–595.

21. Murphy DJ, Murray AM, Robinson BE, Campion EW: Outcomes of
cardiopulmonary resuscitation in the elderly. Ann Intern Med 1989,
111:199–205.

22. Ahn KO, Shin SD, Suh GJ, Cha WC, Song KJ, Kim SJ, et al: Epidemiology and
outcomes from non-traumatic out-of-hospital cardiac arrest in Korea: A
nationwide observational study. Resuscitation 2010, 81:974–981.

23. Fischer M, Fischer NJ, Schuttler J: One-year survival after out-of-hospital
cardiac arrest in Bonn city: outcome report according to the ‘Utstein
style’. Resuscitation 1997, 33:233–243.

24. Bonnin MJ, Swor RA: Outcomes in unsuccessful field resuscitation
attempts. Ann Emerg Med 1989, 18:507–512.

25. Horsted TI, Rasmussen LS, Meyhoff CS, Nielsen SL: Long-term prognosis
after out-of-hospital cardiac arrest. Resuscitation 2007, 72:214–218.

26. Lombardi G, Gallagher J, Gennis P: Outcome of out-of-hospital cardiac
arrest in New York City. The Pre-Hospital Arrest Survival Evaluation
(PHASE) Study. JAMA 1994, 271:678–683.

27. Fabbri A, Marchesini G, Spada M, Iervese T, Dente M, Galvani M, et al:
Monitoring intervention programmes for out-of-hospital cardiac arrest in
a mixed urban and rural setting. Resuscitation 2006, 71:180–187.

28. Pleskot M, Hazukova R, Stritecka H, Cermakova E: Five-year survival of
patients after out-of-hospital cardiac arrest depending on age.
Arch Gerontol Geriatr 2011, 53(2):e88–92.

29. Bonnin MJ, Pepe PE, Clark PS Jr: Survival in the elderly after out-of-hospital
cardiac arrest. Crit Care Med 1993, 21:1645–1651.

30. Deasy C, Bray JE, Smith K, Harriss LR, Bernard SA, Cameron P: Out-of-hospital
cardiac arrests in the older age groups in Melbourne, Australia. Resuscitation
2011, 82:398–403.

31. Juchems R, Wahlig G, Frese W: Influence of age on the survival rate of
out-of-hospital and in-hospital resuscitation. Resuscitation 1993, 26:23–29.

32. Kim C, Becker L, Eisenberg MS: Out-of-hospital cardiac arrest in
octogenarians and nonagenarians. Arch Intern Med 2000, 160:3439–3443.

33. Mosier J, Itty A, Sanders A, Mohler J, Wendel C, Poulsen J, et al:
Cardiocerebral resuscitation is associated with improved survival and
neurologic outcome from out-of-hospital cardiac arrest in elders.
Acad Emerg Med 2010, 17:269–275.

34. Swor RA, Jackson RE, Tintinalli JE, Pirrallo RG: Does advanced age matter in
outcomes after out-of-hospital cardiac arrest in community-dwelling
adults? Acad Emerg Med 2000, 7:762–768.

35. Van Hoeyweghen RJ, Bossaert LL, Mullie A, Martens P, Delooz HH, Buylaert
WA, et al: Survival after out-of-hospital cardiac arrest in elderly patients.
Belgian Cerebral Resuscitation Study Group. Ann Emerg Med 1992,
21:1179–1184.

http://www.biomedcentral.com/content/supplementary/1471-2318-13-68-S1.txt
http://www.biomedcentral.com/content/supplementary/1471-2318-13-68-S2.doc
http://www.verenso.nl/assets/Uploads/Downloads/VER-003-25Richtlijnreanimatiedeel1DEF.pdf
http://www.verenso.nl/assets/Uploads/Downloads/VER-003-25Richtlijnreanimatiedeel1DEF.pdf


van de Glind et al. BMC Geriatrics 2013, 13:68 Page 10 of 10
http://www.biomedcentral.com/1471-2318/13/68
36. Wuerz RC, Holliman CJ, Meador SA, Swope GE, Balogh R: Effect of age on
prehospital cardiac resuscitation outcome. Am J Emerg Med 1995, 13:389–391.

37. Tresch DD, Neahring JM, Duthie EH, Mark DH, Kartes SK, Aufderheide TP:
Outcomes of cardiopulmonary resuscitation in nursing homes: can we
predict who will benefit? Am J Med 1993, 95:123–130.

38. Iwami T, Hiraide A, Nakanishi N, Hayashi Y, Nishiuchi T, Uejima T, et al:
Outcome and characteristics of out-of-hospital cardiac arrest according
to location of arrest: A report from a large-scale, population-based study
in Osaka, Japan. Resuscitation 2006, 69:221–228.

39. Reinhard V, Parna K, Lang K, Pisarev H, Sipria A, Starkopf J: Long-term
outcome of bystander-witnessed out-of-hospital cardiac arrest in Estonia
from 1999 to 2002. Resuscitation 2009, 80:73–78.

40. Bunch TJ, White RD, Khan AH, Packer DL: Impact of age on long-term
survival and quality of life following out-of-hospital cardiac arrest.
Crit Care Med 2004, 32:963–967.

41. Nesbitt L, Blackburn J, Stiell I, Nichol G, Wells G, De MV, et al: Health-related
quality of life is better for cardiac arrest survivors who received citizen
cardiopulmonary resuscitation. Circulation 2003, 108:1939–1944.

42. Adams DH, Snedden DP: How misconceptions among elderly patients
regarding survival outcomes of inpatient cardiopulmonary resuscitation
affect do-not-resuscitate orders. J Am Osteopath Assoc 2006, 106:402–404.

43. Murphy DJ, Burrows D, Santilli S, Kemp AW, Tenner S, Kreling B, et al: The
influence of the probability of survival on patients’ preferences
regarding cardiopulmonary resuscitation. N Engl J Med 1994, 330:545–549.

44. Ebell MH, Becker LA, Barry HC, Hagen M: Survival after in-hospital
cardiopulmonary resuscitation. A meta-analysis. J Gen Intern Med 1998,
13:805–816.

doi:10.1186/1471-2318-13-68
Cite this article as: van de Glind et al.: Pre-arrest predictors of survival
after resuscitation from out-of-hospital cardiac arrest in the elderly a
systematic review. BMC Geriatrics 2013 13:68.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Search strategy
	Study selection
	Quality assessment
	Data extraction
	Analysis

	Results
	Identification of studies
	Quality of the included studies
	Characteristics of the included studies

	Findings of the included studies
	Survival
	Quality of life, functional and cognitive status of survivors

	Discussion
	Conclusion
	Additional files
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


