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ABSTRACT T 

Background d 

Thee huge importance of rapid provision of care, especially of early defibrillation, for 
survivall  of out-of-hospital cardiac arrest (OHCA) is well known. This prospective 
cohortt study investigates cognitive functioning of OHCA survivors in relation to the 
timee related elements of the resuscitation. 

Methods s 

Fifty-sevenn consecutive survivors from a cohort of 308 witnessed OHCA patients 
withh VF as initial rhythm, underwent extensive neuropsychological examination, 
includingg tests of memory, attention and executive functioning, six months after the 
resuscitation.. Time-related aspects of the resuscitation were collected on scene. 
Cognitivee functioning was studied in relation to the administration of CPR prior to 
ambulancee arrival, time from collapse to start of CPR, to defibrillation and to return 
off  spontaneous circulation (ROSC). 

Results s 

Dependingg of the test, between 11 and 28% of survivors were cognitively impaired, 
andd 58% scored unimpaired for all tests. Daily life activities were limited in 19% of 
thee patients. Patients who received CPR prior to arrival of the ambulance showed a 
trendd towards overall better cognitive functioning and had significant better immedi-
atee memory and visuomotor tracking (p=0.03 and p <0.01). We found a weak 
correlationn between the time to CPR, time to shock or time to ROSC and cognitive 
functioning. . 

Conclusions s 

Thee majority of survivors of OHCA with VF as initial rhythm are cognitively un-
impaired.. Long delays to ROSC are compatible with good cognitive outcome. 
Initiationn and cessation of resuscitation efforts should not be based on the duration of 
circulatoryy arrest. 



INTRODUCTIO N N 

Rapidd provision of care for patients in out-of-hospital cardiac arrest (OHCA) has 

provenn to have a large impact on survival, in particular the early initiation of cardio-

pulmonaryy resuscitation (CPR) and the provision of early defibrillation [1-4]. 

Resuscitationn can only be considered successful if the survivor has no disabling 

cognitivee function. There is great concern to do more harm than good and this may 

influencee the decision whether to start and when to stop the resuscitation efforts. The 

impactt of the time to the start of CPR, the time to first shock and the duration on 

thee resuscitation on the cognitive functioning of those who survive is not well 

known.. The AHA/ILCOR guidelines state that with a duration of cardiac arrest of 

overr 8 to 10 minutes the frequency of significant, permanent neurological damage 

becomess unacceptably high [5]. Studies focusing on the neurological outcome after 

cardiacc arrest are limited and used crude indicators for neurological functioning, such 

ass the Overall Performance Category and the Cerebral Performance Category [2,6,7]. 

Dee Vos et al. did not find a relation between the duration of the resuscitation attempt 

andd cognitive function as assessed with a rather crude method, the Mini Mental State 

Examinationn [8,9]. Roine et al. described moderate to severe neuropsychological 

sequelaee in half of the survivors of OHCA, and could not demonstrate a relation 169 
betweenn delay to advanced life support and cognitive function [10]. Grubb et al 

studiedd only a single cognitive domain [11]. They observed that 37% of patients after 

OHCAA had an important impaired long-term memory and found that memory scores 

weree inversely correlated with the duration of the cardiac arrest. 

Wee prospectively studied the association between cognitive functioning assessed with 

ann extensive neuropsychological examination and the time related elements of the 

resuscitationn attempt. Our hypothesis was that there is an association between these 

timee elements and the cognitive functioning of OHCA survivors. 

METHOD S S 

Studyy Population 

Wee performed a prospective cohort study in survivors of OHCA. Between January 

20000 and January 2002 data of all consecutive patients in cardiac arrest in the study 

areaa (the city of Amsterdam and surrounding areas including 1.6 million inhabitants), 

identifiedd by the emergency medical system (EMS) dispatch center were collected. 

Thee EMS consisted of first responders (police and fire fighters) with an AED and 
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ambulancess with a manual defibrillator and manned with a team qualified to perform 

advancedd cardiopulmonary life support (ACLS). 

Includedd were patients with a witnessed cardiac arrest and VF (disorganized rhythm, 

withh a median amplitude of >100 |iV) as initial rhythm who survived to hospital 

discharge.. Excluded were patients whose cardiac arrest was witnessed by the EMS, 

patientss below the age of 18 years and patients with a clearly impaired cognitive 

functionn prior to the collapse. 

Patientss and cardiac arrest characteristics 
Dedicatedd data collectors, alarmed shortly after the ambulance, collected data on the 
cardiacc arrest on scene. Data were obtained on the estimated moment of collapse, 
presencee of witnesses and administration of bystander CPR, by directly interviewing 
alll  persons involved immediately after the event. Data on cardiac rhythm and critical 
timee events registered by the AEDs and manual defibrillators were downloaded into a 
laptopp on the scene. Deviations of internal clocks were corrected by comparison with 
radio-controlledd wristwatches. The time to CPR was defined as the interval from the 
estimatedd moment of the collapse to the first start of CPR performed by bystanders, 
firstt responders or ambulance personnel. Time to shock was defined as the interval 
fromm the estimated moment of the collapse to the first shock, delivered by first 
responderss with an AED or by the ambulance using a manual defibrillator. Time to 
thee return of spontaneous circulation (ROSC) was the interval from the estimated 
momentt of the collapse to the return of a palpable pulse for at least 15 seconds. 

Outcome::  Assessment of cognitive function 
Ann experienced research nurse interviewed survivors at home, scheduled 6 months 

afterr the resuscitation. The neuropsychological examination included tests of memory, 

attentionn and executive functioning [12], especially selected to detect subtle damage 

followingg an ischaemic cerebral event. 

Immediatee and delayed memory 
Immediatee and delayed memory was tested with the Rey's Auditory Verbal Learning 

Testt (AVLT) . To test immediate memory the patient had to memorize a sequence of 

155 words in five learning trials. To test delayed memory the patient was asked to 

recalll  the word list, after a 20-min delay. 



Selectivee attention and response inhibitio n 
Thee Stroop Color Word Test measured perceptual interference, response inhibition, 
andd selective attention and consisted of three test cards. With card 1 the patient had to 
readd aloud words from a card containing 100 words stating "yellow", "red", "blue" 
andd "green" written in black ink. With card 2, the patient had to name the color 
(againn yellow, red, blue or green) of a rectangle from a card containing 100 colored 
rectangles.. With card 3, the patient was asked to name the color of ink of 100 words 
whenn the words are printed in mismatching colored ink. The score of each card was 
timee to completion in seconds. 

Dividedd attention, mental flexibility  and motor  speed 
Traill  making A and B was a two-part test of visual scanning, visuomotor and concep-
tuall  tracking, divided attention and mental flexibility , and motor speed. In part A, the 
patientt was asked to connect numbers on a sheet of paper. In part B, the patient had 
too connect numbers alternating with letters on a sheet of paper. The score was time to 
completionn in seconds. 

Verball  fluency 

Thee Controlled Oral Word Association Test tested verbal fluency. In one minute the 171 
patientt had to say as many words as possible that begin with a given letter. Three 
trialss with different letters were performed. 

Levell  of independence 

Too give a general indication of the patients' level of independence the 6-point observ-

err rated Rankin scale [13] was used, scored by the research nurse after performing the 

neuropsychologicall  examination, ranging from no symptoms to total dependency. 

Ethics s 

Medicall  ethics committees from participating hospitals and EMS approved the study. 

Informedd consent was obtained from the patients post resuscitation. 

Statisticall  methods 

Timee intervals were expressed in medians and range. Raw scores for the neuropsycho-

logicall  test outcomes were converted to residual scores by subtracting the expected 

scoree (based on Dutch normative sample data adjusted for age, gender and education). 

Z-scoree transformation of the residual score of all cognitive tests was performed. Poor 

testt result was defined as a Z-score of < -2 (2 SD below the Dutch normative sample 
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mean).. From a few patients some test results could not be obtained because their 

cognitivee functioning was too poor to perform the test. In the analysis the scores of 

thesee patients were set to a score of -2 SD below the study population mean, 

indicatingg very poor outcome. 

Whetherr or not CPR was applied before arrival of the ambulance was associated with 

thee cognitive outcomes using Student's t-test. The process characteristics: time inter-

valss from collapse to CPR, to shock and to ROSC, were related with the cognitive 

function,, by using linear regression models. The strength of the relationship was 

expressedd in partially explained variances (partial R2). The total explained variance 

wass calculated by summarizing the partial R2s. Statistical significance was set at a 

two-sidedd p-value of <0.05. All statistics were performed in SPSS 10.0 for the Apple 

Macintosh. . 

RESULTS S 

Duringg the study period 308 patients had a witnessed cardiac arrest with VF as initial 

rhythm,, and 72 patients survived to hospital discharge (23%). Ten patients were 

excludedd from the analysis: two survivors were cognitively impaired prior to the col-

lapse,, (one patients with dementia and one with schizophrenia), six survivors died 

afterr discharge and before the examination took place, one had insufficient mastery of 

thee Dutch language, and one lived abroad. Five patients refused to participate in the 

examination,, two of which stated to have a good condition, and three refused answe-

ringg questions on their health condition. Neuropsychological examination could there-

foree be performed in 57 patients. The median time from cardiac arrest to examination 

wass 6 months (interquartile range: 5-7 months). 

Al ll  patients who were tested were independent in daily life prior to the cardiac arrest. 

Theirr mean age was 63 years (SD 12 years), the majority was male (82%) and about 

halff  of the patients had 6-12 years of education. In half of the patient group, CPR 

wass started within 2 minutes after the collapse. Half of the patients received the first 

shockk within 10 minutes and half had ROSC within 15 minutes after the collapse. 



Tablee I . Patient and process characteristics 

Characteristic c 

Age,, years, mean D 

Gender,, n (%) 

Female e 

Male e 

Education,, n (%) 

<< 6 years 

6-122 years 

>> 12 years 

CPR,, n (%) 

CPRR started after ambulance arrival 

Bystanderss CPR 

First-responderr CPR 

Timee intervals in minutes, median (range) 

Collapsee to start CPR 

Collapsee to first shock 

Collapsee to ROSC 

N=57 7 

633 2 

10(18) ) 

477 (82) 

10(18) ) 

322 (56) 

155 (26) 

8(14) ) 

366 (63) 

133 (23) 

22 (0-14) 

100 (3-19) 

155 (6-37) 

CPRR denotes cardiopulmonary resuscitation 
ROSCC denotes return of spontaneous circulation 173 3 

Assessmentt  of function six months after  resuscitation 
Dailyy life after the cardiac arrest was littl e or not limited in 46 patients (81%, Rankin 
scoress <2). Seven patients (12%) had restrictions in daily life, but were able to take 
caree of themselves (Rankin score 3). Four patients (7%) were partially or totally 
dependentt on others (Rankin score >4). 

Betweenn 11 and 28% of the patients were found to be impaired in cognitive function-
ing,, depending on the test (Table 2). The test results of the studied population fell 
statisticallyy significantly below the normative sample data for almost all tests. 
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Tablee 2. Neuropsychological test performance of the 57 assessed survivors of out-of-hospital 
cardiacc arrest 

Cognitivee domain 

Selectivee attention and 

responsee inhibition 

Testt Raw test outcome Mean Z- % Impaired* 

mediann (range) scores ) 

Stroopp Card 1, s 57(35-183) -1.3 t 23 

Stroopp Card 2, s 74(50-216) t 19 

Stroopp Card 3, s 159(79-439) -1.2 t 28 

Dividedd attention, mental Trail making A, s 55(17-414) -0.8 t 16 

flexibilityflexibility  and motor speed Trail making B, s 105(43-368) -0.1 ) 11 

Immediatee and delayed Rey's AVLT immediate 28(3-53) t 19 

memoryy Rey's AVLT delayed recall 5(0-13) t 12 

Verball  fluency Controlledd Oral Word 22 (3-52) 

Associationn Test 
-1.2(l. l)f f 21 1 

**  Z-score of < -2 (>2 SD below the Dutch normative sample mean) 
tt Z-scores were significantly below normative values, s denotes seconds, AVLT denotes Auditory Verbal 
Learningg Test. 

1744 Process characteristics explaining neuropsychological test outcome 
Receivingg CPR before the arrival of the ambulance resulted in a trend to a better 
cognitivee performance. The difference was statistically significant for immediate 
memoryy and Trail making A (Figure 1). 

Timee to CPR, time to shock and time to ROSC turned out to be all poorly correlated 
too the cognitive function, as indicated by the low partial R2. Together these indicators 
off  duration of cerebral ischaemia could only explain littl e of the patients' cognitive 
outcomee (low total R2) (Table 3). None of the factors were statistically significant. 
Too gain more insight in the lack of correlation, as an example we plotted the time 
intervall  from collapse to CPR, to shock and to ROSC to the residual scores of the 
Rey'ss AVLT immediate memory test. 
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Figuree 1. Impact of CPR prior to ambulance arrival on cognitive functioning. 
Thiss figure shows the comparison of the test outcome between patients who did not and patients who did 
receivee CPR before ambulance arrival. The dots represent the mean difference in residual score 
(correctedd for age, gender and education) between patients who did not receive CPR prior to ambulance 
arrivall  (N=8) and patients who did receive CPR prior to ambulance arrival (N=49). The lines represent 
95%% confidence intervals around the point estimate. This graph shows a trend to a worse cognitive 
functionn for those patients who did not receive CPR. The difference was significant for the immediate 
recognition,, immediate recall and visuomotor tracking (Trail making A). 
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Tablee 3. Independent patient and process characteristics explaining the neuropsychological test out-
come,, corrected for  age, gender  and education using linear  regression analysis. 

Test t 

Stroopp Card 1 

Stroopp Card 2 

Stroopp Card 3 

Traill  making A 

Traill  making B 

Rey'ss AVLT immediate 

Rey'ss AVLT delayed recall 

Verball  fluency 

Timee to CPR 

Partiall  R2 

0.2% % 

0% % 

0% % 

2.2% % 

0.4% % 

2.2% % 

0.9% % 

0.5% % 

Timee to shock 

Partiall  R2 

1.4% % 

0.5% % 

0.6% % 

0.9% % 

8.4% % 

0.9% % 

1.0% % 

3.5% % 

Timee to ROSC* 

Partiall  R2 

0% % 

0% % 

0.5% % 

1.1% % 

0.1% % 

1.1% % 

1.8% % 

0.2% % 

Total l 

1.6% % 

0.5% % 

1.1% % 

4.2% % 

8.9% % 

4.2% % 

3.7% % 

4.2% % 

176 6 

*Timee intervals from the moment of collapse in minutes. 
CPRR denotes cardiopulmonary resuscitation, ROSC denotes return of spontaneous circulation, and AVLT 
denotess Auditory Verbal Learning Test. 

Figuree 2. Scatter plots relating the duration of ischacmia to performance on the test for immediate memory. 
Thesee plots show the correlation between the time to CPR (2A), time to shock (2B) and time to the return 
off  spontaneous circulation (2C) and the immediate memory. On the Y-axis of the three plots, the residual 
scoree of the Rey's AVLT immediate recall test (adjusted for age, gender and education) is shown. 
AA residual score below zero means a performance below the adjusted sample mean. Impaired 
performancee was defined as a test outcome of >2 SD below the Dutch sample mean. 
Figuree 2a shows the scatter and the regression line between the time-interval from collapse to the start of 
CPRR and immediate memory. The poorest immediate memory can be found in patients with only 2 minutes 
delayy up to 9.5 minutes delay to the start of CPR, as well as good performance in patients with a long 
delayy of 11 and 14 minutes. 
Figuree 2b shows the scatter and the regression line between the time-interval from collapse to the delivery 
off  the first shock and the immediate memory. Poor immediate memory was found in patients with a delay 
off  9 and 14 minutes to the first shock, both good and poor performance can be observed after long delays 
off  over 15 minutes. 
Figuree 2c shows the scatter and the regression line between the time-interval from collapse to the return 
off  spontaneous circulation and immediate memory. Poor performance is shown in patients with ROSC just 
afterr 10 minutes and reasonably good performance in patients with a delay to ROSC of 30 minutes. 
AVL TT denotes Auditory Verbal Learning Test. 
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Too assess the cognitive damage in relation to the time to ROSC, we calculated the 
numberr of impaired test outcomes per patient (in total 8 tests) and divided the 
patientss in 3 intervals of time to ROSC (Table 4). No patients with ROSC within 10 
minutess were impaired in more than two tests, but still over 50% of patients with 
ROSCC later than 10 minutes scored unimpaired in all tests. There was a reasonable 
agreementt between the number of tests with an impaired score and the patients' level 
off  dependency (Spearman correlation 0.58, p <0.001). All 4 patients who were 
partiallyy or totally dependent on others (Rankin score >4) had an impaired score for 3 
orr more tests, while in 94% of the patients with no impaired test outcomes, daily life 
wass littl e or not limited (Rankin score 0-2) (Table 5). 

178 8 

Tablee 4. Number  of neuropsychological tests with impaired score per  patient related to three time 
intervalss between collapse and ROSC 

Numberr of tests with 

impaired**  score, (%) 

0 0 

1 1 

2 2 

>3 3 

T im ee in te rva l fro m co l l apse to ROSC 

<< 10 minutes 

n=14 4 

99 (64%) 

22 (14%) 

33 (21%) 

0 0 

10-200 minutes 

n=31 1 

177 (55%) 

33 (10%) 

11 (3%) 

100 (32%) 

>200 minutes 

n=12 2 

77 (58%) 

11 (8%) 

0 0 

44 (33%) 

**  Z-score of < -2 (>2 SD below the Dutch normative sample mean) 
ROSCC denotes the return of a spontaneous circulation 

Tablee 5. Number  of impaired test outcomes in relation to the Rankin score 

Rankinn score 

0=noo symptoms 

1== minor symptoms, no interference with daily life 

2== some restriction in daily lif e but independent 

3== symptoms that preclude a total independent existence 

4== dependent existence, but constant attention is not needed 

5== a totally dependent patient requiring constant attention 

dayy and night. 

Numberr of tests with impaired outcome* 

0 0 

n=33 3 

2 2 

17 7 

12 2 

2 2 

0 0 

0 0 

1-2 2 

n=10 0 

0 0 

5 5 

4 4 

1 1 

0 0 

0 0 

>3 3 

n=14 4 

0 0 

0 0 

5 5 

5 5 

4 4 

0 0 

**  Z-score of < -2 (>2 SD below the Dutch normative sample mean) 
ROSCC denotes the return of a spontaneous circulation 



DISCUSSION N 

Thiss study showed that at least some cognitive impairment is frequently observed 
amongg survivors of cardiac arrest. Using sensitive assessment of different cognitive 
domainss we found between 11 and 28% of the patient impaired in the individual 
tests,, while 58% of the patients was unimpaired in all tests. Nineteen percent of the 
survivorss experienced some functional restrictions in daily life, while 7% was 
completelyy dependent on others. The performance of CPR had a positive influence on 
cognitivee functioning, whereas we found littl e relation between the time of onset of 
CPRR and this functioning. Likewise, there was limited impact of delayed defibril-
lationn on cognitive functioning. Good cognitive function was observed after long 
delayss to CPR, to defibrillation and to ROSC. In an earlier study of memory after 
cardiacc arrest, in a larger population, an inverse relation between delay to defibril-
lationn and memory score was found [9], but a wide scatter was also visible with very 
goodd and very poor outcome at the same delays. An explanation for this unpredict-
ableable outcome could be a variable individual susceptibility for cerebral hypoxia and 
thee fact that some patients receive CPR with a higher quality than others, allowing a 
longerr delay to defibrillation and ROSC with littl e or no cognitive function impairment. 

179 9 

Limitation s s 
Wee excluded the two patients who were clearly impaired prior to the cardiac arrest. 

Nonee of the other patients had a condition prior to the arrest, which made us suspect 

aa pre-arrest cognitive impairment. Therefore, we believe that the cognitive impair-

ment,, when found, was attributable to the cardiac arrest. Cognitive performance 

decliness with advancing age for which we corrected the test results and severe neuro-

psychologicall  deficits are uncommon in the normal population (with our definition of 

impairment,, the prevalence in the population at large is about 1 %). We did not 

excludee patients who were unable to perform some of the tests because of severely 

impairedd cognitive function, but imputated their scores with a score of two times the 

standardd deviation below the average of our studied patients. 

Ourr study was confined to the majority of cardiac arrest survivors: survivors of 

witnessedd cardiac arrest with VF as initial rhythm, because only then the time 

intervall  from collapse to shock could be estimated. Patients in asystole or pulseless 

electricall  activity have a very low survival rate. One may expect a poorer cognitive 

functionn in the rare non-witnessed survivors. Our survival rate and time to shock is 

similarr to other reports [14-17] and there is no reason to believe that our results may 

nott apply to other witnessed OHCA survivors with VF as initial rhythm. 
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Clinicall  implications 
Ourr study indicates that CPR should be started in witnessed cardiac arrest regardless 

off  the duration of the collapse. Furthermore, late defibrillation does not imply a poor 

cognitivee outcome in those who do survive and should not be withheld. The 

ILCOR/AHAA guidelines of cardiopulmonary resuscitation state that if ROSC occurs 

afterr 8-10 minutes after the collapse, the frequency of significant, permanent neuro-

logicall  damage becomes unacceptably high [5]. What risk is unacceptable is highly 

subjective,, as is the qualification of the degree of cognitive damage. Although 

cognitivee outcome in patients with a time interval from collapse to ROSC of less than 

100 minutes seems acceptable for all patients, still 24 out of 43 patients (56%) with 

longerr delays than 10 minutes were unimpaired for all cognitive tests, which is 

associatedd with an independent existence. Based on our data of survivors, decisions 

onn cessation of resuscitation efforts should not be based on the duration of the 

resuscitationn attempt. 
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