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Introduction:  Cardiac  arrest  commonly  results  in  varying  degrees  of  cognitive  injury.  Standard  outcome
measures  used  in  the cardiac  arrest  cohort  do not  rigorously  evaluate  for  these  injury  patterns.  We
examined  the  utility  of  the  Computerized  Assessment  for Mild  Cognitive  Injury  (CAMCI)  in cardiac  arrest
(CA) survivors.  We  hypothesized  that  cognitive  deficits  would  be more  severe  in  patients  who  were
comatose  on  hospital  arrival.
Methods:  Prospective  cohort  of  CA  survivors  at a  single  tertiary  care facility  where  participants  received
neurocognitive  testing  using  CAMCI.  CAMCI  results  were  subdivided  into  memory,  attention,  and  exec-
utive  functions.  Scores  between  subjects  who  were  initially  comatose  and  were  not  comatose  following
resuscitation  were  compared  using  the  Mann–Whitney  test.
Results:  Of  72 subjects  included,  the  majority  (N = 44)  were  initially  comatose  following  resuscitation  with
mean  age  of  54  (±14)  years.  The  majority  experienced  a good  neurologic  outcome  based  on  Cerebral  Per-
formance  Category  (N =  47; 66%)  and  Modified  Rankin  Scale  (N  = 38; 53%).  Time  from  resuscitation  to
CAMCI  testing  was  not  associated  with  total  CAMCI  score  in  this  cohort  (Pearson’s  r2 value  −0.1941,
p  =  0.20). Initially  comatose  and  not  comatose  subjects  did  not  differ  in  their  CAMCI  overall  scores
(p  =  0.33),  or  in any  subtest  areas.  The  not  comatose  cohort  had  1  subtest  for  which  there  was  a  Moderate
Risk  for mild  cognitive  impairment  (Nonverbal  Accuracy),  and  2 for which  there  was  a Moderately  Low
Risk  (Verbal  Accuracy  and  Executive  Accuracy).  The  Comatose  cohort  had  4 subtests,  which  were  deemed

Moderately  Low  Risk for cognitive  impairment  (Verbal  Accuracy,  Attention  Accuracy,  Executive  Accuracy
and Nonverbal  Accuracy).
Conclusions:  In-hospital  CAMCI  testing  suggests  memory,  attention  and  executive  impairment  are  com-
monly  in  patients  following  resuscitation  from  cardiac  arrest.  Outcome  evaluations  should  test  for  deficits
in  memory,  attention,  and  executive  function.

© 2015  Elsevier  Ireland  Ltd.  All  rights  reserved.
. Introduction
Cardiac arrest is common and results in approximately 300,000
eaths per year in the US.1 In patients successfully resuscitated
rom cardiac arrest, manifestation of neurological injury due to

� A Spanish translated version of the summary of this article appears as Appendix
n  the final online version at http://dx.doi.org/10.1016/j.resuscitation.2015.02.023.
∗ Corresponding author at: University of Pittsburgh, 3600 Forbes Avenue, Suite
00A, Pittsburgh, PA 15261, United States.

E-mail address: rittjc@upmc.edu (J.C. Rittenberger).

ttp://dx.doi.org/10.1016/j.resuscitation.2015.02.023
300-9572/© 2015 Elsevier Ireland Ltd. All rights reserved.
global brain ischemia and reperfusion ranges from brain death to
normal cognition.2 Protocolized resuscitation strategies (including
the use of targeted temperature management) have been shown to
improve neurologic outcomes.3,4 Although impairment has been
demonstrated in each of the areas of memory, attention, and exec-
utive function, the frequency of these cognitive impairments varies
depending on cohort and testing method.5–8 Most studies use a
global outcome measure to determine outcome and cognitive test-

ing is rarely employed as part of this assessment.

Traditional outcome measures used after resuscitation from car-
diac arrest are the Cerebral Performance Category (CPC) and the
Modified Rankin Scale (mRS). The former is a 5-category scale with

dx.doi.org/10.1016/j.resuscitation.2015.02.023
http://www.sciencedirect.com/science/journal/03009572
http://www.elsevier.com/locate/resuscitation
http://crossmark.crossref.org/dialog/?doi=10.1016/j.resuscitation.2015.02.023&domain=pdf
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 being the best score and 5 indicating death. The latter is a 7-
oint scale with 0 indicating no symptoms and 6 corresponding
ith death. Both of these tests, however, have come under criti-

ism for lacking validation in this population, being subjective and
oo global to detect subtle but clinically important deficits, and not
eing well suited for the testing of the patient in the hospital instead
f at home.9 For example, the criteria for an mRS  score of 3 focuses
n the patient’s ability to carry out tasks such as cooking, managing
nances, and shopping within the hospital setting where such tasks
re neither performed nor observed. Additionally, a CPC score of 3
an include everything from an alert, interactive patient to a min-
mally conscious patient, thus lacking texture. Patients with a CPC
f 3 are sometimes discharged to home, or to hospice or long term
cute care for the most severely injured.9 Even patients considered
o have a good outcome based on CPC of 1, on deeper inspection may
ave significant limitations in memory and executive function and
ommonly have mild cognitive impairment.10 These impairments
re not without significant consequences including lower function-
ng in society, low quality of life and high caregiver strain.11 More
etailed outcome measures could better identify and differentiate
eurocognitive impairments to improve the lexicon for research,
llow for the comparison of clinical outcomes and guide appropri-
te follow up therapy and support.

Recent work in neuropsychological testing has focused on the
evelopment and validation of standardized, efficient, and gener-
lizable computer measures. Standard neuropsychological testing
an readily detect cognitive impairment. However, it requires sev-
ral hours to complete and specialized training for the tester. The
omputer Assessment of Mild Cognitive Impairment (CAMCI) is

 self-administered, computerized neurocognitive test, requiring
5–35 min, that scores itself automatically and does not require
pecialized supervision.12 The CAMCI was designed to detect mild
ognitive impairment preceding dementia and measures accu-
acy and reaction time for multiple domains including attention,
emory (verbal, visual, working, recognition, prospective, and inci-

ental recall) and executive function. Although, the CAMCI has been
hown as a sensitive and specific measure of mild cognitive impair-
ent in the elderly population, it has not been used to assess post

ardiac arrest patients.12 This study examined whether CAMCI test-
ng is feasible in cardiac arrest survivors. Our criterion for utility was

hether CAMCI could detect deficits in patients who appeared well
ith global measures (CPC or mRS), and whether CAMCI could dis-

inguish degrees of brain injury. To test the latter, we  hypothesized
hat CAMCI scores would be lower in patients who  were comatose
n hospital arrival (moderate brain injury) relative to patients who
ere awake on arrival (none or minimal brain injury).

. Methods

This was a prospective convenience sample of subjects who
woke after resuscitation from cardiac arrest between 4/1/2010
nd 7/31/2013. Subjects recruited were treated after an in hospital
ardiac arrest (IHCA) or out of hospital cardiac arrest (OHCA) in a
ingle tertiary care facility. Inclusion criteria were the successful
esuscitation from cardiac arrest, ability to follow commands, and
ompletion of the CAMCI test. Subjects with uncorrectable audio
nd/or visual impairment, inadequate comprehension of English
o understand the instructions, a physical disability that would
rohibit the use of a touchscreen, dementia or who  were not

ndependently living in the community at baseline (i.e., nursing
ome or acute care facility residents) were excluded. Demographic
nformation including: age, pre-arrest Charlson comorbidity index,
ocation of arrest, primary rhythm of arrest, use of therapeutic
ypothermia (TH), SOFA Cardiac and Pulmonary scores, coronary
ngiography, and neurologic outcome using Cerebral Performance
tion 90 (2015) 67–72

Category (CPC) and Modified Rankin Scale (mRS) were abstracted
from the chart.13 The Pittsburgh Cardiac Arrest Category (PCAC),
a validated illness severity score in this population, was recorded
on hospital arrival.14,15 Comatose (defined as not following com-
mands) subjects were treated with a standardized post-arrest care
bundle, including TH and coronary angiography as appropriate.3,16

After awakening (defined as following commands), post-cardiac
arrest subjects in our facility received neurocognitive testing using
the CAMCI. This testing was obtained following discharge from
the intensive care unit and prior to hospital discharge. The test
was administered on a laptop computer in the subject’s hospi-
tal room. In order to minimize disruptions and distractions a sign
was placed outside the door advising hospital staff and visitors
to refrain from entry while testing was  in progress, the televi-
sion was turned off, and present visitors were asked to leave the
room or remain silent for the duration of the testing. The test
administrator provided the subject with instruction on the use of
the device and was  present for the duration of the test, however
he/she was also quiet while the patient was actively testing. At
the start of the assessment, subjects were prompted to provide
information about their age, education level, alcohol use, memory
decline, anxiety/depression, and driving, computer, and ATM expe-
rience. The CAMCI includes eight subtasks that facilitate testing of
multiple cognitive domains including: attention, verbal memory,
visual memory, working memory, recognition memory, prospec-
tive memory, incidental recall, and executive function.17 It also
includes a virtual road trip to the grocery store with stops at a post
office and an ATM machine, all of which require the functional use of
each of the cognitive domains measured by the CAMCI. At the end of
the assessment the CAMCI uses age and education adjusted normat-
ive data to calculate a percentile score by averaging the weighted
Z scores of 12 variables of accuracy, then converting them to a per-
centile. The “Risk level” for mild cognitive injury is derived from
the percentile score (0–9th % = High Risk, 10–20th % = Moderately
High Risk, 21–30th % = Moderate Risk, 31–40th % = Moderately Low
Risk, 41–100th % = Low Risk). As this is the first use of the CAMCI in
this population, we present data from healthy elderly subjects for
reference in the results.18

Neurologic outcome was  assessed using the CPC and mRS. As in
our prior work, medical charts at the time of hospital discharge
were reviewed using a standard written template to determine
the CPC and mRS.9 A good neurologic outcome was  defined as
a CPC of <3 and mRS  < 3. CAMCI scores and accuracy were com-
pared between subjects who were initially comatose and not
comatose following resuscitation using the Mann–Whitney test in
the subtest categories of memory (word recognition and recall,
functional memory, and recurring pictures), attention (digit span
forward), and executive function (digit span reverse, go/no-go
decision-making, intersections, and ATM use). Demographic data
were compared using a Chi square, t-test or Fisher’s Exact test.
Analyses were completed using Stata 11.2 (College Station, TX).

3. Results

Of the 219 subjects who  awoke following resuscitation during
this time epoch, 91 were comatose and 128 were awake on initial
examination. From this cohort, 44 initially comatose and 28 ini-
tially awake subjects were recruited. All subjects were out of the
intensive care unity and had a Glasgow Coma Scale of 15 before
testing. Of these, 60% were male with a mean age of 54 (SD 14)
years (Table 1). The awake cohort had higher Charlson Comorbid-

ity Scores than the comatose cohort. Ventricular fibrillation was the
most common primary rhythm of arrest and the majority of sub-
jects experienced OHCA. Of the 44 comatose subjects, 40 received
TH. One subject who rapidly awoke (i.e., not initially comatose) also
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Table  1
Demographic composition of the cohort.

Cohort (N = 72) Not comatose (N = 28) Comatose (N = 44) p

Age, years 54.4(SD 14.4) 58(SD 10 .8) 52 (SD 16) 0.08
Male  43 (60%) 16 (57%) 27 (61%) 0.72
OHCA  55 (76%) 18 (64%) 37 (84%) 0.055
Charlson comorbidity index (not age adjusted) 1 (IQR 0, 2) 1 (IQR 0, 3) 0 (IQR 0, 1) 0.07
Age-Adjusted Charlson comorbidity index 2 (IQR 0, 4) 3 (IQR 2, 5) 2 (IQR 0, 3) 0.02
Rhythm 0.77

VF/VT  52 (72%) 19 (68%) 33 (75%)
PEA  10 (14%) 4 (14%) 6 (14%)
Asystole 7 (10%) 4 (14%) 3 (7%)
Unknown 3 (4%) 1 (4%) 2 (4%)

Cardiac catheterization 48 (67%) 19 (68%) 29 (66%) 0.87
Therapeutic hypothermia 41 (57%) 1 (4%) 40 (91%) <0.01
Pittsburgh cardiac arrest category <0.01

I  28 (41%) 28 (100%) 0 (0%)
II  27 (40%) 0 (0%) 27 (61%)
III  7 (10%) 0 (0%) 7 (16%)
IV  6 (9%) 0 (0%) 6 (14%)

SOFA  cardiovascular 0 (IQR 0, 1) 1 (IQR 0, 4) 0 (IQR 0, 0) 0.05
SOFA  pulmonary 2 (IQR 1, 3) 1 (IQR 0, 3) 2 (IQR 2, 3) 0.24
Discharge disposition 0.32

Home 48 (67%) 19 (68%) 29 (66%)
Acute rehab 10 (14%) 2 (7%) 8 (18%)
SNF  12 (17%) 5 (18%) 7 (16%)
LTAC  1 (1%) 1 (4%) 0 (0%)
Died  1 (1%) 1 (4%) 0 (0%)

CPC  0.36
1  25 (35%) 12 (43%) 13 (30%)
2  22 (31%) 7 (25%) 15 (34%)
3  24 (33%) 8 (28%) 16 (36%)
4  0 (0%) 0 (0%) 0 (0%)
5  1 (1%) 1 (4%) 0 (0%)

mRS  0.57
0  8 (11%) 3 (11%) 5 (11%)
1  13 (18%) 7 (25%) 6 (14%)
2  17 (24%) 7 (25%) 10 (23%)
3  16 (22%) 5 (18%) 11 (25%)
4  17 (24%) 5 (18%) 12 (27%)
5  1 (1%) 1 (4%) 0 (0%)

Hospital length of stay, days 12 (IQR 8, 20) 8.5(IQR 6, 17) 12.5 (IQR 12, 21) 0.23
Arrest to following commands, days 1 (IQR 0, 2) 0 (IQR 0, 1) 2 (IQR 1, 2) 1.00
Arrest to CAMCI test, days 8 (IQR 5, 12) 4.5 (IQR 3, 8) 10 (IQR 7, 15) 0.003
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Awake to CAMCI test, days 6 (IQR 4, 10) 

ote: IQR, interquartile range; SD, standard deviation.

eceived TH. None of the subjects demonstrated cerebral edema
n initial CT of the brain. Two subjects demonstrated malignant
EG patterns during their hospital course. Both had reactive EEG
atterns underneath and were discharged to acute rehabilitation.
lthough 66% of subjects experienced a good neurologic outcome
ased on CPC criteria, only 53% had a good outcome based on mRS
riteria. The median length of stay in the hospital for the entire
ohort was 12 days (IQR 8–20). Table 2 shows self-reported char-
cteristics of the subjects at the time of CAMCI administration.

omatose and awake subjects did not differ in any of these areas.
he awake cohort completed CAMCI testing earlier in their hospi-
al course than the comatose cohort (p = 0.003) (Table 1). Time from

able 2
elf-reported characteristics at CAMCI administration.

Cohort (N = 72) Not com

Anxiety, n (%) 48 (67) 16 (57
Alcohol use, n (%) 13 (18) 4 (14
Depression, n (%) 30 (42) 12 (43
Memory decline, n (%) 23 (32) 8 (29
Currently drive, n (%) 61 (85) 23 (82
Ever  drive, n (%) 71 (99) 27 (96
Computer use, n (%) 54 (75) 21 (75
ATM  use, n (%) 55 (76) 22 (79
4 (IQR 2, 8) 7 (IQR 5, 11) 0.04

resuscitation to CAMCI testing was  not associated with total CAMCI
score in this cohort (Pearson’s r2 value −0.1941, p = 0.20).

Table 3 presents overall CAMCI scores and the accuracy in the
different neurocognitive areas. Comatose and not comatose sub-
jects did not differ in their overall scores (p = 0.33), or in any of the
subtest areas (p values ranged from 0.06 to 0.79). Compared to the
older adult reference group,18 for which all subtest areas were Low
Risk for mild cognitive injury, the not comatose cohort had 1 sub-
test for which there was  a Moderate Risk (Nonverbal Accuracy), and

2 for which there was  a Moderately Low Risk (Verbal Accuracy and
Executive Accuracy). The Comatose cohort had 4 subtests which
were deemed Moderately Low Risk (Verbal Accuracy, Attention

atose (N = 28) Comatose (N = 44) p

) 32 (73) 0.17
) 9 (20) 0.51
) 18 (41) 0.87
) 15 (34) 0.62
) 38 (86) 0.63
) 44 (100) 0.21
) 33 (75) 1.00
) 33 (75) 0.73
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Table 3
Overall CAMCI score and accuracy by comatose and awake groups. Reference from Tierney et al. also included.

Reference (N = 72) Cohort (N = 72) Not comatose (N = 28) Comatose (N = 44) p

CAMCI score, raw (max 100) 41 (SD 21) 37 (IQR 19, 53) 40 (IQR 20.5, 53) 34 (IQR 15, 53) 0.33
Verbal Accuracy percentile 50 (SD 35) 38 (SD 33) 40 (SD 31) 37 (SD 34) 0.79
Functional Accuracy percentile 43 (SD 32) 48 (SD 32) 52 (SD 30) 45 (SD 32) 0.79
Attention Accuracy percentile 56 (SD 28) 44 (SD 33) 54 (SD 29) 39 (SD 33) 0.06
Executive Accuracy percentile 42 (SD 25) 36 (SD 24) 38 (SD 24) 34 (SD 25) 0.33
Nonverbal Accuracy percentile 42 (SD 30) 33 (SD 27) 28 (SD 28) 36 (SD 27) 0.33

Note: IQR, interquartile range; SD, standard deviation.

Table 4
Memory, attention, and executive function testing results by comatose and awake groups.

Cohort (N = 72) Not comatose (N = 28) Comatose (N = 44) p

Memory
Verbal recognition, correct of 6 6 (IQR 5, 6) 6 (IQR 5, 6) 6 (IQR 5, 6) 1.00
Word  recall, correct of 5 2 (IQR 1, 4) 2 (IQR 2, 4) 2 (IQR 1, 4) 0.65
Functional memory, errands of 6 4 (IQR 3, 5.5) 5 (IQR 4, 6) 4 (IQR 3, 5) 0.25
Recurring pictures, target correct (%) 80 (IQR 70, 90) 82.5 (IQR 75, 90) 80 (IQR 67.5, 90) 0.57
Recurring pictures, non-target correct (%) 79 (IQR 64, 87.5) 73 (IQR 59, 86) 79 (IQR 66, 89) 0.41

Attention
Digit span forward, max of 6 6 (IQR 5, 6) 6 (IQR 5.5, 6) 6 (IQR 5, 6) 0.42

Executive function
Digit span reverse, max  of 5 4 (IQR 3, 5) 4 (IQR 3, 5) 3.5 (IQR 3, 4) 0.23
Go/no-go rule 1, out of 10 9 (IQR 8, 10) 9 (IQR 8.5, 10) 9 (IQR 8, 10) 0.79
Go/no-go rule 2, out of 10 9.5 (IQR 6.5, 10) 10 (IQR 8, 10) 9 (IQR 6, 10) 0.33
Intersections, out of 18 16 (IQR 14, 17) 16 (IQR 13.5, 16.5) 16 (IQR 14, 18) 0.31

7 (IQR 6, 7) 6 (IQR 3, 7) 0.33
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Fig. 1. Top panel: chart review CPC and CAMCI score. Bottom panel: chart review
ATM,  out of 7 6.5 (IQR 5, 7) 

ote: Lower scores indicate greater impairment. IQR, interquartile range.

ccuracy, Executive Accuracy and Nonverbal Accuracy). Table 4
hows data from the individual subtests in the areas of memory,
ttention, and executive function. Subjects showed deficits in all
ubtests except attention and verbal recognition. The most pro-
ounced deficit was seen in word recall with subjects scoring on
verage below 50%. There were no significant differences between
ny of the subtest scores in any of the three categories between
omatose and not comatose subjects.

There was a range of CAMCI scores for each level of CPC and mRS.
ost subjects with “normal” CPC (1) or mRS  (0-1) had measurable

eficits on CAMCI. The mean values of CAMCI differed between CPC
nd mRS  categories (p < 0.001 for both). Variation between CAMCI
ssessment for mild cognitive injury and both chart review CPC and
RS  are shown in Fig. 1.

. Discussion

This study has demonstrated that it is feasible to obtain CAMCI
esting in a cohort of subjects successfully resuscitated from car-
iac arrest. It also suggests cognitive impairment is present in
he acute period following resuscitation from cardiac arrest. While
hese data did not detect a difference in CAMCI scores between
ubjects who were awake (following commands) versus those who
ere comatose (not following commands) immediately after resus-

itation, it is likely underpowered to detect such a difference. Prior
iterature reports that only about half of survivors of OHCA have
ognitive impairment, with memory most frequently affected, fol-
owed by attention and executive function, but that the incidence
aries widely according to the measure utilized.5 In this study,
lmost all subjects demonstrated impairment in the domains of
emory, attention and executive function after resuscitation from

ardiac arrest, all of which have been demonstrated by previous
tudies.6,19
Cognitive findings were demonstrated in not only the ini-
ially comatose cohort, but also the initially not comatose cohort.
lthough this could suggest that the care bundle that includes
H for comatose patients is very effective at returning them to
mRS  and CAMCI score. Bars delineate mean for the group. Gray circle indicates
comatose on hospital arrival and black circle indicates not comatose on hospital
arrival.

baseline, our sample size is small and consequently may  be unable
to detect a difference between these cohorts. It is important to note

that the majority of comatose subjects had a PCAC of II or III (77%)
and an initial rhythm of ventricular fibrillation (75%), which have
been associated with higher likelihood of survival and found to be
predictors of discharge to home.14 This is corroborated by the high
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ates of good outcome using either CPC or discharge disposition
efinitions.

All subjects were initially admitted to the ICU. While the CAMCI
est was completed after discharge from the ICU, it is possi-
le that cognitive dysfunction as part of a recently described
post-intensive care syndrome” (PICS) from the ICU admission con-
ributed to the cognitive impairment found in this cohort.20–22

lso, intermittent analgesic use is common during the hospital-
zation phase of the post-arrest patient and may  have affected
heir performance. Similarly, functional and cognitive outcomes
hange over time.23 This work represents a single time point for
valuation. Future studies examining CAMCI testing over time or
n patients admitted to the ICU for reasons other than cardiac
rrest would provide important benchmarking to further describe
ICS.

These data demonstrate that global measures of outcome such
s CPC and mRS  do not fully characterize cognitive injury patterns
hat are common in this population, specifically, executive function
nd recall. While CAMCI scores vary by CPC and mRS, even those
ubjects with “good” outcomes (CPC < 3 and mRS  < 3) demonstrated
ignificant deficits. Although detailed neurocognitive testing may
ot be feasible in all institutions, testing these domains prior to
aking decisions about placement in rehabilitation programs and

ischarge appears prudent. Developing an impairment measure
ailored to this population that evaluates functional, cognitive, and
xecutive deficits in a timely fashion remains a goal for the resus-
itation community.

There are several limitations that deserve mention. First, the
ample size is small and limits our ability to detect differences
etween groups. Importantly, only those patients able and will-

ng to complete CAMCI testing were provided the test, potentially
reating a sampling bias. The presumed etiology of arrest is not
ecorded in our database, precluding our ability to evaluate sub-
roup analyses based on etiology of arrest. In addition, more
everely injured comatose patients did not attempt the test. A pre-
ious study showed good outcomes by CPC and mRS  in 20–22% of
atients.9 As the majority of subjects in our study had a good out-
ome by CPC and mRS  (66% and 53%) and had discharge disposition
o home or acute rehab (81%), it is likely that our results reflect a

ore robust sample of cardiac arrest survivors. Thus, the generaliz-
bility of our results may  be limited and cognitive impairments are
ossibly worse than described here for many individuals. Another

imitation is that in addition to the possible PICS mentioned above,
ubjects’ performance may  have been hindered by sedatives or
nalgesic drugs, as well as by fatigue, which is commonly associated
ith cognitive deficits.24 These are confounding factors that could

e controlled for in future studies. The time course in cognitive
ecovery is unclear as some studies have demonstrated improve-
ent over time while others have not.25–29 Future studies with
ultiple measurements using CAMCI at set intervals both during

ospitalization and over time following discharge could reveal the
otential for CAMCI in this regard.

. Conclusion

In-hospital CAMCI testing is feasible and suggests neurocogni-
ive deficits in post cardiac arrest patients are common. CAMCI
esting may  provide a more textured assessment than CPC and mRS.
mpairment in memory, attention, and executive function is shown
n many patients successfully resuscitated from cardiac arrest,
ncluding those who appear to be globally intact. Outcome eval-

ations should test for deficits in memory, attention, and executive
unction as better identification and delineation of these deficits
t the time of hospital discharge may  provide an opportunity for
unctional rehabilitation.
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