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ABSTRACT

Objective:We aimed to study the long-term cognitive abilities of patients surviving out-of-hospital
cardiac arrest who were treated with therapeutic hypothermia (TH).

Methods: We prospectively identified and examined consecutive survivors of out-of-hospital car-
diac arrest who underwent TH at our institution from June 2006 to May 2011. The results of
brain imaging, serum neuron-specific enolase (NSE) measurements, and EEGs were recorded.
We assessed cognitive domains using the modified Telephone Interview for Cognitive Status.
An education-adjusted score of $32 was considered normal.

Results: Of 133 total patients, 77 (58%) were alive at a median follow-up of 20 months (inter-
quartile range 14–24 months). We interviewed 56 patients (73% of those alive). Median age
was 67 years (range 24–88 years). Fifty-one patients (91%) were living independently. Modified
Telephone Interview for Cognitive Status scores ranged from 16 to 41. Thirty-three (60%) were
considered cognitively normal and 22 (40%) were cognitively impaired. The time to assessment
did not differ among the cognitive outcomes (p 5 0.557). The median duration of coma was 2
days, possibly indicating that patients with severe anoxic injury were not included. Eighteen
patients were not working at the time of their cardiac arrest (17 were retired and 1 was unem-
ployed). Of the 38 patients who were working up to the time of the cardiac arrest, 30 (79%)
returned to work. Cognitive outcome was not associated with age, time to return of spontaneous
circulation, brain atrophy, or leukoaraiosis.

Conclusions: The majority of surviving patients who underwent TH after cardiac arrest in this series
had preserved cognitive function and were able to return to work. Neurology� 2013;81:40–45

GLOSSARY
CPC 5 Cerebral Performance Category; IQR 5 interquartile range; NSE 5 neuron-specific enolase; OHCA 5 out-of-hospital
cardiac arrest; ROSC5 return of spontaneous circulation; TH5 therapeutic hypothermia; TICS-m5 Telephone Interview for
Cognitive Status, modified.

Out-of-hospital cardiac arrest (OHCA) strikes suddenly and is frequently fatal. Over the past
decade, people who undergo cardiac arrest and cardiopulmonary resuscitation are increasingly
surviving.1–3 During a cardiac arrest, neuronal injury begins to occur because blood flow to
the brain ceases, causing loss of consciousness. Even after restoration of effective circulation,
patients may remain comatose, and ongoing injury to the brain occurs during reperfusion injury
with release of free radicals and excessive excitatory neurotransmitters.4,5

Induction of moderate therapeutic hypothermia (TH) is the only neuroprotective strategy that
has been proven to improve neurologic outcome in comatose survivors of cardiac arrest.6,7 Studies
of patients undergoing TH for OHCA have mostly focused on endpoints such as hospital discharge
disposition,6 functional scales according to level of dependence,7–10 or a dichotomized outcome in
which merely recovery of consciousness defines a good outcome.11 The cognitive sequelae of con-
scious OHCA survivors are a vital concern that has not been well studied, particularly in patients
treated with TH. The best data available are from 3 prospective studies and 1 population-based
study, which altogether comprise 217 patients, only 3 of whom received TH.12–15 In these studies,
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most survivors of OHCA had cognitive impair-
ment that most frequently affected long-term
memory followed by executive domains. The
conclusion of a systematic review indicated that
“cognitive problems. seem common in survi-
vors.”16 Nevertheless, it has been shown that as
many as 85% of patients are still able to function
independently after surviving OHCA.13 In the
current study, we aimed to evaluate the long-
term cognitive abilities of patients surviving
OHCAwho were treated with TH.We hypoth-
esized that most patients would have cognitive
impairment as a sequela of their cardiac arrest.

METHODS We prospectively identified consecutive adult coma-

tose cardiac arrest survivors who were admitted to Saint Marys Hos-

pital (Rochester, MN) and underwent treatment with our TH

protocol from June 2006 to May 2011. Detailed methods of our

TH protocol and predictors of mortality in most of this population

have been previously reported.9,17 During this study time period,

candidates for the TH protocol included patients with ventricular

fibrillation as the initial rhythm and those with witnessed pulseless

electrical activity or asystolic arrest who responded to therapy with

return of spontaneous circulation (ROSC), but who remained

comatose. Patients who exhibited improving responsiveness (as

demonstrated by spontaneous eye-opening, localizing a noxious

stimulus, or following simple commands) shortly after the cardiac

arrest were excluded from consideration. Our general approach is to

wait approximately 30 minutes after ROSC to observe for evidence

of awakening, so as not to start TH protocol unnecessarily.

Our prospective databank includes a measure of functional out-

come (the Cerebral Performance Category [CPC] score) at the time

of hospital discharge. For the purpose of this study, we contacted

surviving patients to assess their cognitive abilities using the Tele-

phone Interview for Cognitive Status, modified (TICS-m), a vali-

dated tool used to screen for dementia (table 1).18,19 To minimize

bias, we analyzed functional outcome at hospital discharge of

patients that we could not reach by telephone. We administered

the TICS-m according to published methods20 and using a stan-

dardized script. The maximum unadjusted score is 50 points. We

adjusted the score for years of education according to published

methods as follows: 15 points for education ,8 years, 12 points

for 8 to 10 years, 0 points for 11 to 15 years, and 22 points for

$16 years.21 An education-adjusted TICS-m score $32 was con-

sidered normal and scores ,32 were taken to indicate cognitive

impairment.19 In a validation study of the TICS-m scale, this

has been identified as the optimal score to separate patients with

mild cognitive impairment or dementia from cognitively normal

patients. A score #27 has been considered to separate those with

dementia from those without dementia, but using the more strin-

gent cutoff should minimize falsely classifying a participant as cog-

nitively normal.19

We reviewed the medical records and recorded the results of

brain imaging, serum neuron-specific enolase (NSE) measurements,

and EEGs. All brain imaging scans were interpreted by certified neu-

roradiologists, and the findings of atrophy and leukoaraiosis were

confirmed by one of the authors (J.E.F.). All EEGs were read by cer-

tified electrophysiologists. A CPC score of #2 at hospital discharge

was considered a favorable functional outcome. This scale consists of

5 categories with 1 indicating good recovery, 2 moderate disability, 3

severe disability, 4 vegetative state, and 5 death.

Statistical analyses. Categorical variables are presented as

counts and frequencies. Continuous variables are described with

means or medians as appropriate, given the distribution of data.

Univariate comparisons between dichotomous subgroups

were performed with x2 or 2-sided Fisher exact test. For compar-

isons of continuous variables, we used t tests or the Mann-Whit-

ney U test. Probability values ,0.05 were considered statistically

significant. We used JMP 9.0, a SAS-based statistical package

(SAS Institute, Inc., Cary, NC), to analyze the data.

Standard protocol approvals, registrations, and patient
consents. This study was approved by the Mayo Foundation

Institutional Review Board. Informed consent was obtained from

all patients participating in the study.

RESULTS A total of 133 comatose survivors of OHCA
and cardiopulmonary resuscitation underwent the TH
protocol within the study period. Of these, 77 (58%)
were alive at a mean follow-up of 21 months (range
2–59 months). Eighteen patients were not able to be
reached by telephone despite multiple attempts and 3
were not interviewed because they did not speak
English. We contacted the remaining 56 patients
(73% of those alive) by telephone to assess their cogni-
tive status. The mean age at the time of assessment was
64 years (range 24–88 years) and 37 (66%) were male.
Twenty-one patients (37.5%) had received outpatient
medical care at Mayo Clinic before their hospitalization
for cardiac arrest. Only one patient had a premorbid

Table 1 Items and scoring of the TICS-m
questionnairea

Points

First and last name 2

Date 3

Day of week 1

Season 1

Age and phone number 2

Counting backward 2

Ten words immediate repetition 10

Serial subtractions of 7 5

Responsive naming 4

Repetition 2

President’s first and last name 2

Vice President’s first and last name 2

Finger tapping on the phone 2

Antonyms 2

Delayed recall of 10-word list 10

Abbreviation: TICS-m 5 Telephone Interview for Cognitive
Status, modified.
a Total unadjusted score is 50 points. Score can be
adjusted for education by adding 5 points for education
,8 years, adding 2 points for 8–10 years, no change for
11–15 years, and subtracting 2 points for $16 years of
education.
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history of mild cognitive impairment. None had a docu-
mented history of dementia.

Initial hospital course. The first documented rhythm
was ventricular fibrillation in 52 patients (93%). The
median time from collapse to ROSC was 20 minutes
(range 5–50 minutes). The cardiac arrest was witnessed
in 52 cases (93%). Brain imaging was obtained during
the hospitalization for 39 patients (70%). Thirty-four
patients had CT and 11 had MRI. CT scans were
obtained during the hypothermia protocol in 21
patients (62% of those with CT scans) and after
rewarming in 13 (38%). Of the latter, the median time
to imaging was 2 days (interquartile range [IQR] 2–2).
Brain atrophy, as noted by the neuroradiologist, was
present in 19 patients (49% of those imaged), and 11
patients (28% of those imaged) had leukoaraiosis. The
background activity on all EEGs performed (n 5 20,
36%) showed diffuse, nonspecific slowing. Two also
had episodes of burst suppression during hypothermia.
Thirteen of the EEGs were continuous recordings dur-
ing the hypothermia period through rewarming and 7
were spot EEGs obtained after rewarming. Serum NSE
was measured in 42 patients (75%) within the first 3
days after admission. Of these, the median maximum
value was 24 ng/mL (range 11–95 ng/mL). Seven
patients had a serum NSE level .33 ng/mL within
the first 3 days (16.7% of those with measurements).

The median duration of postarrest coma was 2
days (range 1–5 days). All patients were intubated
and mechanically ventilated on admission. The
median duration of mechanical ventilation was 2 days
(IQR 2–4 days). Mean APACHE (Acute Physiology,
Age, Chronic Health Evaluation) III score was 101
(633). Systemic complications included acute kidney
injury (n 5 18, 32%), sepsis (n 5 3, 5%), and acute
respiratory distress syndrome (n 5 1, 2%). Forty-
seven patients (84%) achieved a favorable functional
outcome (CPC score #2) at the time of discharge
from the acute hospitalization. Of the 9 patients with
a CPC score $3 at discharge from the hospital, 8
(89%) recovered to a CPC score of 2 after a stay in
our inpatient rehabilitation unit.

Follow-up assessment. The median time to telephone
interview from cardiac arrest was 19.5 months
(IQR 14.3–24 months). At the time of the telephone
assessment, 46 patients (82%) were living in a house,
6 (11%) in an assisted living facility, 5 (9%) in an
apartment or townhome, and 2 (4%) in a retirement
community. The majority (n 5 40, 71%) were mar-
ried, 7 (13%) had never been married, 5 (9%) were
widowed, and 4 (7%) were divorced. Eighteen
patients were not working at the time of their cardiac
arrest (17 were retired and 1 was unemployed). Of
the remaining 38 patients who were working up to
the time of the cardiac arrest, 30 (79%) had returned

to work, 5 (13%) had not returned to work, and
information was not provided for 3 patients (8%).

Of the 56 total patients, we were able to calculate a
TICS-m score for 55 patients (98%). One patient was
aphasic and his cognitive performance could not be
accurately assessed. The education-adjusted TICS-m
scores ranged from 16 to 41 points of 50 maximum
possible points. Median score for immediate recall
was 4 points (range 0–8) of a maximum of 10 points.
Performance was the poorest on delayed recall, with a
median score of 3 points (range 0–6) of a maximum
of 10 points. Based on previously validated thresholds
of the education-adjusted TICS-m, cognitive status
was considered normal in the majority of patients
(n 5 33, 60%). Twenty-two patients (40%) were
classified as having cognitive impairment. Ten had
scores that were in the range consistent with dementia
(#27). The time to assessment was not significantly
different between the cognitive outcome groups. We
found no difference in education-adjusted TICS-m
scores in patients evaluated at an earlier time point
(within 1 year of arrest) and those evaluated at a later
time point ($1 year). Among patients who were
evaluated within the first year, the mean TICS-m
score was 31.7 6 3.5, whereas among those evalu-
ated $1 year after the cardiac arrest, the mean
TICS-m score was 32.1 6 5.4 (p 5 0.694, Mann-
Whitney U test).

Among patients with cognitive impairment (score
,32 points on the TICS-m), 8 of 12 with information
regarding work status had returned to work. Among
those with scores of #27 on the TICS-m, 6 patients
(60%) had achieved a CPC score at hospital discharge
of#2. Althoughmost patients who had a CPC score of
3 at hospital discharge (but a score of 2 after completion
of rehabilitation) were ultimately classified as cogni-
tively impaired, a fair proportion (44%) were cogni-
tively normal at the follow-up assessment (figure).

We did not find evidence to support an association
between cognitive outcome and any of the following
variables: patient age at time of cardiac arrest, time
to ROSC, time to telephone interview, brain atrophy,
or leukoaraiosis. NSE levels were higher on average
in the patients who regained normal cognitive func-
tion compared with those who remained cognitively
impaired, but lower than the commonly accepted
prognostic threshold of 33 ng/dL in both groups
(table 2).

DISCUSSION We found that the majority of
patients who survived OHCA did not have cognitive
impairment according to the results of the validated,
structured TICS-m. Furthermore, nearly 80% of
those we interviewed who had been working up until
the time of their cardiac arrest were able to return to
their work. These findings support the ongoing
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emphasis on early, high-quality resuscitation inter-
ventions, including TH, for patients with OHCA
because a high proportion of those who are resusci-
tated and survive to hospital discharge can return to
a meaningful, functional life. As observed by
others,13,14 a long time to ROSC did not preclude a
good outcome in our study.

Our results are consistent with those obtained in a
recent population-based study of long-term cognitive
outcomes of OHCA survivors, in which 85% of sur-
vivors regained functional independence.13 Notably,
however, only 3 patients in that series were treated
with TH. Our results are also in line with a study that
included 27 patients treated with TH and found that

67% of the TH-treated patients had normal cogni-
tion or very mild deficits.22 Two small series found
that a larger proportion (approximately 50%) of
TH-treated cardiac arrest survivors had cognitive
impairment.23,24 One study of 43 patients found that
48% had cognitive impairment, half of whom had
“mild” deficits.23 The Neurobehavioral Cognitive
Status Examination (Cognistat) was used for the cog-
nitive screening test. Still, the majority of patients in
that study were functional with good quality of life,
and 42% had returned to work.23

Another study included 26 patients who had been
treated with TH, only evaluating those with a CPC
score of 1 or 2, and found that 52% had cognitive dys-
function.24 Three prospective studies of patients who
were not treated with TH found cognitive dysfunction
in 42% to 50% of survivors.12,14,15 Our study cannot
define the impact of TH on cognitive outcomes, but it
shows that the majority of survivors regain good cog-
nitive function. Studies using different durations of
TH, different methods of cooling, and different sup-
portive protocols may find different incidences of cog-
nitive impairment, but families of patients treated with
current 24 hours of moderate TH can be told that if
the patient awakens, he or she has a substantial chance
of recovering with good cognitive function.

The most common cognitive domain affected in
our series was delayed recall. Most studies have simi-
larly found that the most common cognitive domains
affected after survival of cardiac arrest are memory and
executive function.12,13,15,22,24 In a systematic review
(largely of patients not treated with TH), memory
problems, followed by attention and executive dys-
function, were frequently encountered.16 Clinicians

Figure Long-term cognitive status according to CPC score at hospital
discharge

Distribution of cerebral performance category (CPC) score at hospital discharge according to
cognitive outcome. Cognitive status was assessed using the modified Telephone Interview for
Cognitive Status. An education-adjusted score of $32 points was considered normal.

Table 2 Distribution of variables according to cognitive outcome in TH-treated survivors of OHCA

Cognitively normal (n 5 33) Cognitively impaired (n 5 22) p Valuea

Age, y, median (IQR) 63 (54–72) 67.5 (55.8–73.5) 0.62

Time to ROSC, min, median (IQR)b 19.5 (16.8–30.3) 20.5 (12–23.3) 0.16

CPC score at discharge, n (%) 0.36

1 18 (54.5) 8 (36.4)

2 11 (33.3) 9 (40.9)

3 4 (12.1) 5 (22.7)

Time to interview, mo, median (IQR) 19 (12.5–26) 21 (16–24) 0.76

NSE, median (IQR) 26.6 (20–31.5) 21 (17–24) 0.03

Atrophy, n (%)c 12 (54.5) 6 (35.3) 0.33

Leukoaraiosis, n (%)c 8 (36.4) 3 (17.6) 0.29

Abbreviations: CPC5 Cerebral Performance Category; IQR 5 interquartile range; NSE5 neuron-specific enolase; OHCA5

out-of-hospital cardiac arrest; ROSC 5 return of spontaneous circulation; TH 5 therapeutic hypothermia.
a The Wilcoxon rank sum test was used to analyze age, time to ROSC, time to interview, and NSE. The 2-sided Fisher exact
test was used for atrophy and leukoaraiosis. The x2 test was used for CPC score.
bData available for 52 patients.
c The numbers are lower and the percentages are higher than expected because these data were available for 39 patients.
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who care for patients surviving OHCA should be
aware of the possibility of cognitive deficits, even
when neurologic outcome appears favorable in the
acute phase. A good outcome according to CPC score
at hospital discharge in our series did not correlate
perfectly with cognitive outcome when assessed sev-
eral months later. However, it is notable that although
16% of patients in our series had a CPC score of 3
upon discharge from the acute hospitalization, nearly
all of them (8 of 9) recovered to a score of 2 after
intensive rehabilitation efforts.

One limitation of this study is that the time to the
telephone assessment was not uniform among the pa-
tients we interviewed. It is possible that cognitive abil-
ities improve during the years after a cardiac arrest.
Nevertheless, there was no difference in the time to
assessment among our 2 cognitive outcome groups
and we do not think this contributed in a major
way to the results of our study. Our results could
be biased if the patients who were lost to follow-up
were more cognitively impaired than the ones who
were interviewed. Most of the patients who were
not interviewed achieved a good functional outcome
at hospital discharge (median CPC score of 1), lead-
ing us to believe this is a less likely possibility, but
one that cannot be entirely excluded. In addition,
based on the short duration of postarrest coma and
lack of malignant EEGs in these patients, our results
may not be generalizable to a population of patients
with more severe brain anoxia.

The relatively small sample size may preclude our
ability to detect statistically significant associations
(type II error) between clinical characteristics and
cognitive outcomes. The difference in average NSE
levels observed in our analysis is unlikely to be clini-
cally meaningful. Finally, the TICS-m, better used as
a screening tool and not a stand-alone diagnostic eval-
uation, is not a substitute for an extensive, formalized,
in-person neuropsychometric assessment. The major-
ity of our patients did not have formal neuropsycho-
logical testing performed and we cannot completely
exclude the possibility that some of the patients
who were classified as cognitively normal in our study
may have had subtle impairments found on more
extensive neuropsychometric testing. However, it
has been shown that 95% of patients older than 80
years who score.28 on TICS-m are cognitively nor-
mal,25 and the TICS-m performs reasonably well
when dichotomized to separate those with normal
cognition from those with impaired cognition. In
our current study, only 4 patients who were classified
as cognitively normal had formal neuropsychological
testing performed after the cardiac arrest. Of these,
only one patient—who was tested immediately after
the hospitalization—was found to have mild deficits
in learning and memory retention. This patient was

functioning normally in later follow-up. The other 3
had no evidence of cognitive impairment in the mea-
sured domains.

Based on the results of this study, the majority of
patients treated with TH after undergoing an OHCA
and who survive to hospital discharge can recover cog-
nitive function reasonably well, and, if working at the
time of the cardiac arrest, most can return to their pre-
vious jobs. These findings should be confirmed in
larger prospective studies utilizing formal neuropsycho-
metric assessments of TH-treated OHCA survivors.
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