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Objective: Among survivors of out-of-hospital cardiac arrest
(OHCA), the functional outcomes of those with rapid early
or with very delayed recoveries are known. For patients
between those extremes early recovery is variable, and the
probability of longer-term recovery and the implications for
quality of life have not been clearly defined.

Methods: Twenty-five patients of a consecutive cohort of
OHCA survivors with coma duration between 12 h and 7
days and a matched group with acute coronary syndrome
underwent cognitive and disability assessments 3 and 12
months after OHCA. Correlations and regression analyses
of demographic, clinical arrest variables, and cognitive tests
with quality of life outcomes were performed.

Results: The OHCA group had impairments in all cogni-
tive domains. There was little cognitive improvement. The
OHCA group reported significantly greater health impact
and lower quality of life at twelve months than the controls.
Longer duration of coma (4-7 versus <3 days) and greater
cognitive impairment at three months, particularly memory
impairment, were both associated with reduced late quality
of life.

Conclusions: These survivors of OHCA had persistent long-
term cognitive deficits. Quality of life at one year after OHCA
was reduced compared to cardiac controls. Coma duration
and memory impairment at three months were harbingers
of long term reduced quality of life.
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INTRODUCTION

Only a minority of patients with out-of-hospital cardiac arrest
(OHCA) survives to hospital discharge (1). Among survivors,
about one-half have nearly immediate recovery (within hours)

© 2014 The Authors. doi: 10.2340/16501977-1816

of consciousness with good neurological functional outcomes
(2, 3); those with prolonged coma (more than 7 days) almost
uniformly suffer severe disability or worse (2). These extreme
cases tend to statistically overwhelm outcome and prediction
studies. As such, most reports have been retrospective and have
conflated all ranges of severity (4-6). Long-term quality of life
(QoL) for the patients between those extremes has not been
defined, and hence is more difficult to predict. We were inter-
ested in the cognitive deficits, disability and QoL of patients
in this middle ground — those patients with enough deficits to
impact society, but not severe enough to be dependent; the
group most likely to require extensive rehabilitation. In order
to prospectively identify such patients and eliminate selection
bias, we relied on the objective, clinical parameter of coma
duration to identify our target group. We previously reported on
the 3 month neurological outcomes of this cohort (7). We now
report an analysis of the one year cognitive deficits, disability
and QoL of this prospective cohort of consecutive patients in
the middle ground. Analysis also focused on factors that might
predict QoL: demographic, clinical arrest variables and cogni-
tive status at 3 months post injury. We had two hypotheses:
1) Cognition, mostly in the executive domain, will improve
between 3 months and 12 months, but it is unclear whether
this cognitive improvement will result in good QoL.
2) QoL at 12 months will correlate with severity of cognitive
deficits.

To control for possible physical and psychological contribu-
tions to disability due to cardiac disease, a comparison group
of matched patients with acute coronary events but no arrest
were followed and tested in parallel manner.

METHOD

Approval for the study was obtained from the Institutional Review
Board (IRB) of the Beth Israel Deaconess Medical Center (BIDMC),
Boston, MA, Boston University School of Medicine, and the VA
Boston Healthcare System.

Subjects

We screened all admissions to the coronary care and medical intensive
care units at BIDMC from June 2005 to December 2008 for all patients
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with a diagnosis of OHCA. The hospital is a tertiary care center with
a level one trauma center.

We excluded patients who regained consciousness within the first
12 h after arrest and all patients who were over 70, non-English
speaking, with a history of prior OHCA, had had heart surgery within
the previous year, brain trauma, stroke, dementia, any significant ac-
tive medical disease, active depression or alcoholism. Patients were
excluded if they remained in coma for more than 7 days, or if the
clinical exam predicted a grim outcome — absent pupillary responses
after 24 h, myoclonic status epilepticus within the first 48 h, or burst
suppression or worse on any EEG.

Prior to discharge, we approached families of patients with eligible
histories for permission to contact them in two months to recruit for
the study. The families of all 32 patients who were eligible agreed.
Testing occurred at 3 months (T1) and 12 months post-injury (T2).
Of the 30 OHCA patients who were enrolled and tested at 3 months
post injury (7), 3 declined to participate further when approached one
year post, and two had died of non-cardiac causes, leaving 25 patients
for the present report.

In our previous study, cognitive outcome at T1 was bimodal with
significant differences in every cognitive domain between a group with
mild impairment and a group with severe impairment (7). Of patients
evaluated at T2, 17 were in the mild subgroup at T1 and 8 in the severe
subgroup. These subgroups did not differ from each other or from the
controls on most demographic variables, with the exception that the
severe subgroup had lower ANART scores (American National Adult
Reading Test) (105 vs. 118, t(23)=3.3, p<0.01).

A disease-matched control group was assembled by screening
admissions to the Coronary Care Unit at BIDMC from June 2005 to
December 2008 for patients with a diagnosis of any acute coronary
syndrome. Demographic and clinical exclusion criteria were identical
to those for the arrest patients. Of the 30 controls who were tested
at 3 months, 3 declined participation at one year; the remaining 27
completed the study.

Informed consent was obtained from each participant at the time
of initial testing.

Demographic and medical factors

For details regarding demographic and medical factors, see Table I. 24
h of hypothermia, if initiated, was started within 12 h of the cardiac
arrest. Decisions about angiography and hypothermia were made by
the Emergency and CCU staffs. Duration of coma was considered to
last to any documentation of purposeful behavior. To allow for the
variability of return to consciousness following the gradual rewarming
phase after hypothermia and lifting of sedation, coma duration was
coded as up to 3 days or more than 3 days.

Depression was assessed with the Beck Depression Inventory (8).
This scale de-emphasizes the somatic symptoms of depression, a
feature important for the evaluation of groups with significant medi-
cal problems.

Cognitive measures

Patients and controls had been tested at 3 months (T1) and were
retested at one year (T2) with a series of neuropsychological tests,
each tapping one dominant cognitive domain. The individual tests
and dependent variables are the same as our previous study (7), see
Appendix I for details. All tests have published normative data, and
all raw scores were converted to z-scores based on age- (and when
available education- and gender-) based norms. A composite z-score
was computed for each domain.

Functional outcome measures

QoL was assessed with the Sickness Impact Profile short form (SIP68),
based on the SIP (9, 10), a behaviorally-based measure of health status
containing 136 items in 12 categories that has been used to measure
QoL in survivors of cardiac arrest (11-14). It provides an overall score
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(maximum of 68), as well as physical (maximum of 29), psychological
(maximum of 17), and social disability (maximum of 22) scores. A
higher score indicates a higher level of dysfunction.

Functional status was further assessed using the Frenchay Activities
Index (FAI) (15), a 15-item survey of common activities associated
with home or leisure time that was developed as a QoL tool for stroke
patients (16). It is answered in a semi-quantitative manner with inten-
sity of activity rated on a 0—3-point scale (maximum score of 45). A
higher score indicates a higher level of activity.

The patients completed the questionnaires, with help from a care-
giver if necessary, to be certain that answers were not based on their
status prior to the OHCA. Return to work was reviewed with patients
and families for the patients who had been working prior to hospitaliza-
tion. Return to work was judged as approximately at the level prior to
illness based on patient and family report of hours and responsibility.

Statistical analysis

To evaluate cognitive outcomes T2, composite z-scores for each
cognitive domain were calculated. Multivariate analysis of variance
(MANOVA) was performed to examine the effect of group on cogni-
tive outcomes. Group was the 2-level independent variable and cog-
nitive domain was the 5-level dependent variable. Univariate follow
up analyses were performed as needed. To directly compare the two
OHCA subgroups to one another, the above analysis was repeated with
OHCA subgroup as the independent variable. Each subgroup was also
directly compared to the control group.

To examine changes in cognitive status from 3 months to 1 year
post onset, composite z-scores for each domain were compared across
groups using MANOVA. Group and time were included as two-level
independent variables and cognitive domain was the 5-level dependent
variable. Change in cognitive status was also evaluated for the mild
and severe OHCA subgroups separately.

To evaluate QoL at 1-year post onset, the SIP68 scores were com-
pared across groups using MANOVA with group as the two-level
independent variable and SIP68 scores (physical, psychological, and
social domain) as the 3-level dependent variable. The FAI score, and
the rate of return to work were also compared across groups. For some
measures we compared outcomes for just the mild OHCA subgroup to
controls to prevent the results in the smaller severe group from yield-
ing an exaggerated picture of impaired QoL in the overall group. The
failure to maintain this distinction is a cause of confusion about the
range of possible outcomes.

For the OHCA patients, we examined the relationship between
functional outcomes and medical variables, demographic factors and
T1 cognitive testing. Whenever a functional outcome score was cor-
related with more than one cognitive domain score, a stepwise regres-
sion analysis was performed to determine which variables account for
variance in functional outcome.

All statistical tests were conducted using the SPSS software package
(IBM SPSS Statistics for Windows, version 21.0. Armonk, NY, USA).

Table 1. Demographics and medical factors

OHCA CC
n=25 n=27  p-value

Gender, male, % (1) 84 (21) 81(22) =81

Age, years, mean 56.2 58.7 t(50)=1.2, p=0.22
Education, years, mean 14.0 15.2 t(50)=1.2, p=0.22
ANART, mean 113 116 t(50)=1,p=0.3
Post index event to testing,

years, mean 399 384 t(50)=1.4; p=0.16

Therapeutic hypothermia, % (1) 32 (8)
Coma duration >3 days, % (n) 24 (6)

OHCA: out-of-hospital cardiac arrest; CC: cardiac control; ANART:
American National Adult Reading Test.
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Fig. 1. Composite z-scores at 12 months-injury. Mean composite z-scores
of the 5 domains for controls, all out-of-hospital cardiac arrest (total
OHCA), and mild and severe OHCA separately.

RESULTS

There was no significant difference between controls and
OHCA patients in gender, age, education or ANART scores,
or time to testing (see Table I).

Significant depression was uncommon in either group: Controls:
23/27 none (BDI<10); 3/27 mild (10-19); 1/27 severe (>20); Pa-
tients: 24/25 none; 1/25 severe (despite mild deficits). There was no
group difference in the incidence of depression (}>=2.95, p>0.20).

T2 neuropsychological results

The analysis comparing the OHCA to the cardiac control group
yielded a significant main effect of group (F(1,50)=14.87,
»<0.01) and domain (F(4, 200)=12.99, p<0.01), as well as
a group by domain interaction (F(4,200)=5.88, p<0.01) (Fig.
1). Post hoc comparisons indicated that the OHCA group dif-
fered significantly from the control group in all domains (F’s
>5.8, p’s <0.02), with the exception of semantic functioning
(F(1,50)=2.1, p=0.15). Further, there was a disproportionate
impairment of memory in the OHCA group.
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The analysis comparing performance of the mild and
severe OHCA subgroups to each other revealed that those
subgroups, determined at T1, remained significantly different
from each other in every domain at T2 (main effect of group:
F(1,23)=17.1, p<0.01). In comparison to controls, the severe
subgroup was impaired in all domains (F>24.31, p<0.01),
albeit it disproportionately in memory (group x domain interac-
tion: F(4,132)=4.73, p<0.01). The mild subgroup performed
more poorly than controls only in memory (group x domain
interaction: (F(4,168)=10.69, p<0.01).

T1 to T2 recovery

The analysis comparing changes in performance over time in
OHCA patients and cardiac controls revealed main effects of
group (F(1,50)=16.99, p<0.01), time (F(1,50)=15.00, p<0.01),
and domain (F(4,200)=13.36, p<0.01), as well as a significant
group x time (F(1,50)=4.60, p<0.05) and group x domain
interaction (F(4,200)=4.34, p<0.01). Critical to the question
of recovery, the group x time interaction demonstrates that the
OHCA group showed greater improvement from T1 to T2 (T1
z=-1.0; T2 z=-0.78, F(1,24)=11.66, p<0.01) than did the car-
diac control group (T1z=0.0; T2z=0.1; F(1,26)=2.86; p=0.10).
The analysis comparing changes in performance over time
in the severe OHCA subgroup and cardiac control group re-
vealed a main effect of time (F(1,33)=28.30, »p<0.01) and a
group x time interaction (F(1,33)=16.37, p<0.01). The severe
OHCA subgroup showed statistically significant improvement
overall, indicative of recovery (T1 z=-2.53; T2 z=-1.96, F
(1,7)=11.77,p=0.01), although the actual mean z-scores suggest
minimal functional value to the change. Over time, the number
of patients with moderate-severe impairments (z<-2) in memory
and executive functioning remained unchanged from T1 to T2,
while there was a modest reduction in number of patients with
moderate-severe impairments in the other domains (Fig. 2).
The analysis comparing changes over time in the mild
OHCA subgroup and cardiac controls revealed a main effect
of time (F(1,42)=7.12, p<0.05) but no group x time interac-
tion (F<1), indicating a similar (minimal) improvement in
the mild OHCA subgroup (T1 z=-0.35; T2 z=-0.22) as in
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Fig. 2. Neuropsychological deficits at 3 months (T1) (A) and 12 months (T”) (B) post-injury. Percentage of out-of-hospital cardiac arrest (OHCA) and
control patients with mild (z-scores between —1 and —2) or moderate-severe (z-scores <-2) deficits in each domain.
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controls. The analysis of the two subgroups thus clarifies that
the improvement in the OHCA group as a whole was driven
by the severe subgroup.

12 quality of life outcomes

SIP68: The analysis comparing the OHCA group to the cardiac
controls revealed a main effect of group indicating that the
OHCA group reported significantly greater health impact than
the controls (OHCA X=9.8; controls X=3.7, F(1,50)=10.77,
p<0.01). There was also a significant group x domain interaction
(F(1,50)=9.59, p<0.01) (Fig. 3). One-way follow up analyses
of variance indicated that the difference across groups was sig-
nificant in the psychological (OHCA X =2.8; controls X=0.7,
F(1,50)=9.84, p<0.01) and social domains (OHCA X=5.2;
controls X=1.7, F(1,50)=11.77, p<0.01) but not in the physi-
cal domain (OHCA X=1.8; controls X=1.3, F<1). Even the
analysis of just the mildly impaired OHCA subgroup compared
to cardiac controls revealed greater health impact for the mildly
impaired patients (mild OHCA X=7.0; F(1,42)=4.15, p<0.05).

FAI: Activities were significantly lower in the OHCA group
than in controls (OHCA X =28.0; controls X=33.9, t(50)=2.83,
»<0.01). The difference was not significant for the mild OHCA
subgroup (mild OHCA X=30.2, t(42)=1.58; p=0.12).

Return to work: Of 18 control participants who had worked
before, 17 returned to work, one of those part-time. Of 25
OHCA patients who worked before, only 6 went back to work,
a significantly lower rate of return (¥*=17.6 p<0.001). Even
considering the mild OHCA subgroup, return to work was
significantly lower than in the cardiac controls (6/17 v. 16/18,
¥*=10.76, p<0.01). All patients who returned to work had done
so by 3 months. OHCA patients who did not return to work
had worse FAI and SIP68 scores than OHCA patients who did

QoL measurements
25 40

20

SIP68 scores
o
FAl scores

o

Total Physical Psych Social

H Control
B mild OHCA

[ total OHCA
B severe OHCA

Fig. 3. Quality of Life measurements at T2. SIP68: sickness impact profile
short form; FAI: Frenchay activities index; Psych: psychological; OHCA:
out-of-hospital cardiac arrest.
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return to work, but the difference did not reach significance
(SIP68 X=10.8 vs. 6.7 and FAI X=27.1 vs. 31.2; t<1.2).

Association of demographic and medical factors with
functional outcome in the OHCA group

Age, education, and depression did not correlate with any
functional outcome measure. See Table II. In comparison to
patients with a maximum duration of coma of 3 days (n=19),
those with a duration of coma greater than 3 days (»=06) had
more health-related effects (SIP68 X =7 vs. 18.7,t(23)=3.71,
»<0.01) and less functional activity (FAI X=30.5 vs. 20.3,
t(23)=3.48, p<0.01). Documented use of hypothermia (n=8§,
SIP68 X=11.9, FAI X=26.1) or not (n=17, SIP68 X=8.8,
FAI X=28.9) had no impact on outcome (t<1).

Association of functional outcome with cognitive functions

As there was no functionally meaningful improvement from T'1
to T2, either test time could be used to assess the relationship
of cognitive impairment to QoL, but T1 might be predictive
and, thus, useful for planning care.

SIP68: All T1 cognitive composite scores were significantly
correlated with total SIP68 (see Table II). Stepwise regres-
sion indicated that memory alone accounted for a significant
proportion of the variance in SIP scores (F(1,24)=21.32,
»<0.001, r’=0.48).

FAI: A1 T1 cognitive composite scores also were significantly
correlated with FAI scores (see Table II). In the regression
model, memory alone again accounted for a significant pro-
portion of the variance (F(1,24)=13.65, p<0.001; r?=0.37).

DISCUSSION

We examined the range of potential cognitive and functional
outcomes at one year after OHCA in patients with post-anoxic
coma duration between 12 h and 7 days. Although not antici-

Table II. Association between functional outcome measures and
demographic, medical, and cognitive variables

SIP FAI
Demographic
Age ns ns
Education ns ns
Medical
Coma duration ?=0.37 (p<0.01)  r’=0.35 (»p<0.01)
Hypothermia ns ns
Depression ns ns
T1 Cognitive*
Memory ?=0.48 (p<0.01)  1*=0.37 (p<0.01)
Executive =031 (p<0.01)  r?=0.27 (p<0.01)
Semantic =021 (p<0.05)  1*=0.37 (p<0.01)
Perceptual ’=0.32 (p<0.01)  ’=0.18 (»p<0.05)
Psychomotor =042 (p<0.01)  r’=0.15 (p<0.05)

*Using stepwise regression, memory alone accounted for a significant
proportion of the variance in functional outcome measures (for SIP,

=-3.87 and for FAI, =3.09).



pated and not an inclusion criterion, all of these patients had
lengthy rehabilitation hospitalizations, but had none of the
clinical markers already amply demonstrated to determine a
very bad functional outcome.

OHCA survivors were, not surprisingly, significantly im-
paired one year later compared to cardiac controls, mostly
in the cognitive domain of memory but also in the executive,
visuospatial, and psychomotor domains. Deficits in the milder
group persisted over time, with all recovery occurring before
3 months. Contrary to our hypothesis, no further improvement
occurred between 3 and 12 months. The severe group had a
longer course of improvement with continued gains between
3 and 12 months, but the recovery was not exclusively in ex-
ecutive function but rather in all domains, suggesting that the
improvement may represent a recovery in general alertness
rather than any specific cognitive function.

Whether measured as impact on health (SIP68), actual
participation in activities (FAI questionnaire), or return to
work, the OHCA patients had more disability and limitations
in QoL than the controls. Disability at one year was predomi-
nantly in the psychological and social domains. The fact that
physical QoL was not reduced following OHCA parallels our
observations that these patients have few physical ailments.
As hypothesized, QoL correlated with the severity of cognitive
deficits, and the severity of memory impairments at 3 months,
in particular, was a strong predictor of QoL at one year. The
clinical evolution as early as one week also had predictive
value: duration of coma longer than 3 days (but still less than
7 days) resulted in poorer QoL than duration of coma less than
3 days. This study with its narrow selection criteria was not
constructed in a manner that would find an effect of hypother-
mia, and we did not find one.

The few studies of long-term cognitive consequences of
cardiac arrest, most without disease matched controls (4, 17,
18), have similar results to ours. These studies suggest that
survivors of OHCA who have confusion and memory difficul-
ties immediately following the arrest (equivalent to cerebral
performance category of 1-2) have a high risk of persistent
deficits in memory (about 67%), psychomotor (about 50%),
and executive (about 33%) functioning, and approximately
one-third of these deficits will be moderate to severe.

There have been few reports that evaluated the extent of
recovery after 3 months. Dougherty (19) reported no improve-
ment in several memory, psychomotor and visual spatial tasks
out to a year. Another longer follow-up study found no evidence
that memory continued to improve from 3 months up to 3 years
after the cardiac arrest (20). Roine et al. (18) noted no change
in overall performance in the Wechsler Memory Scale-I11 from
3 months to 12 months but did note that moderate memory
impairments dropped from 49% of the patients at 3 months to
33% at 12 months and that visuospatial impairments dropped
from 43% to 30%. In the present study individual improve-
ment was more modest, with recovery most notably in the
semantic domain and no evidence of recovery in the memory
or executive domain.

Outcome following cardiac arrest 695

QoL studies have suggested that overall outcomes are good
in survivors of cardiac arrest (21), but these studies are affected
by inclusion of patients with good outcome following rapid
recovery. Direct comparison to prior studies of QoL in survi-
vors of cardiac arrest is difficult, because of methodological
variability. Time since arrest has ranged from 3 months (22)
to 15 years (23). Although the SIP68 or a closely related scale
is commonly used to measure QoL or at least health impact,
other measures have been reported, some fairly coarse such as
the Glasgow Outcome Scale. The majority of studies comprise
a retrospective collection of all available patients admitted to
an acute or a rehabilitation hospital across some specified time
span (4-6, 24-26). Retrospective studies may over-represent
patients able and willing to respond, possibly producing an
overly positive picture of the true range of outcomes (4, 5).
We found 9 prospective studies of QoL in survivors of cardiac
arrest. Seven lacked controls, relying on population norms
(27-33). Cardiac disease by itself reduces QoL (34), so a
disease-matched control population should better isolate the
effect of cardiac arrest survival. Of the few studies that have
taken advantage of a cardiac control population two were retro-
spective (3, 12) and one involved mostly in-hospital cardiac
arrest (35), a much different clinical population. There is only
one prospective study with a cardiac control population (13).
That study found no difference in overall QoL as measure by
SIP, but there were only 10 OHCA patients and there was large
variability in outcome.

Return to work (prior level of employment) after OHCA
has been reported to occur in 13% to 63% of patients (27, 30,
36), a range so large that only variability of included patients
can account for it. Two cardiovascular controlled studies (3,
12), both retrospective, reported a return to work rate of 63%
in OHCA patients compared to 88% and 79%, respectively,
in controls. Only 24% of the patients in our study returned to
work (compared to 89% of our controls) and none after the
first 3 months. The discrepancies likely represent selection or
survivor biases. Any report of outcome of OHCA survivors
without attention to levels of severity will include many
patients with good outcome following rapid recovery (21);
about 50% of survivors have quick recovery of consciousness
and immediately good outcome (2). Our study was designed
to identify patients likely to have cognitive deficits but not
profound impairment.

Limitations of this study include the small number of pa-
tients tested as well as the restriction to a single institution.
In addition, because patients who were in coma less than 12 h
or longer than 7 days were excluded, our study does not speak
to the course of recovery for the small proportion of patients
who did not meet our inclusion criteria, yet may also have
mild to moderate deficits. As discussed above, our inclusion
criteria may have resulted in an inability to determine the true
effects of hypothermia.

In conclusion, our study is distinguished by its prospective
nature, complete capture of the target population in one hospi-
tal, more patients, and more points of analysis. These patients

J Rehabil Med 46



696 C. Lim et al.

had delayed recovery of consciousness after resuscitation.
Cognitive impairments — confusion and amnesia — were severe
enough to prevent home discharge. We did not anticipate the
broad need for in-patient rehabilitation and did not use it as
an inclusion criterion, but this group all went to rehabilitation.
This appears to be the level of impairment that will require
and benefit from early rehabilitation. In the initial weeks and
months, corresponding to the time of rehabilitation, the patients
had substantial but incomplete recovery. From 3 months to 12
months, however, there was very little additional improvement,
and QoL at 12 months was strongly correlated with cognitive
recovery at 3 months post-arrest. These patients are only a
portion of those who survive out of hospital cardiac arrest, but
their outcome has rarely been differentiated from the larger
population of survivors with rapid recovery. Recognition of
this discouraging natural history should serve as motivation
to develop effective treatments for this population as recovery
does not occur simply with passage of time.
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APPENDIX I. Cognitive test battery and dependent measures for each test

Domain Test(s) Dependent measure(s)

Premorbid IQ estimate National Adult Reading Test (ANART) Total correct

Memory Rey Auditory Verbal Learning Test (RAVLT) Total learned in 5 trials
Brief Visual Memory Test-Revised (BVMT-R) Delayed recall

Delayed recognition
(RAVLT: corrected recognition
BVMT-R: discrimination index)

Executive function Trail Making Test B Time

Wisconsin Card Sorting Test Number of categories,

% perseverations

Verbal Fluency Number
Lexical-semantic Boston Naming Test (alternate items) Number correct without cues

Peabody Picture Vocabulary Total correct
Visuoperceptual Judgment of Line Orientation Total correct

Number location Total correct

Visual discrimination Total correct
Psychomotor Trail Making Test A Time

Grooved Pegboard Time for each hand

Finger Tapping Time for each hand
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