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ABSTRACT T 

Objective e 
Thiss prospective cohort study evaluated the impact of the time related elements of the 

"chainn of survival" on the quality of life of survivors, taking the patient characteris-

ticss into account. 

Methods s 
Inn Amsterdam and surroundings, between 1995 and 2002, consecutive out-of-hospital 

cardiacc arrest survivors were included. A total of 227 (12%) patients survived to 

hospitall  discharge and 174 were definitive survivors, available for assessment at 6 

months.. Quality of life was measured with the 136-item Sickness Impact Profile 

(SIP);; cognitive functioning was assessed through the Mini Mental State 

Examination.. SIP profiles were compared to profiles of an open Dutch population of 

elderlyy and of patients after stroke. Time intervals of the "chain of survival" were 

calculatedd from the estimated moment of the collapse and related to the outcome using 

regressionn analysis. 

Results s 
Thee SIP profile of survivors was a littl e above reference profile, indicating a slightly 
poorerr quality of life, and below the profile of patients after stroke, indicating a better 
qualityy of life. Impaired cognitive function was associated with delay in the start of 
CPRR (odds ratio 4.3, 95% CI 1.0-19). Absence of the need for advanced cardioplmonary 
lif ee support was associated with better cognitive functioning (odds ratio 0.3, 95% CI 
0.1-0.9).. Female gender and higher age were associated with impaired physical func-
tioning.. Trends were found for better quality of life outcomes after early access, 
immediatee resuscitation, early defibrillation, and early advanced care. 

Conclusions s 

Survivorss of cardiac arrest have a relatively good quality of life. 

Largee improvements in the "chain of survival" might result in improved outcomes 

afterr out-of-hospital cardiac arrest. 



INTRODUCTION N 

Thee interventions that contribute to a successful outcome after a cardiac arrest can be 
describedd as the "chain of survival". The four links in this chain are: rapid access to 
thee emergency medical system, cardiopulmonary resuscitation (CPR), defibrillation 
andd advanced cardiopulmonary life support (ACLS) [1]. There is ample evidence of 
thee impact of the functioning of the "chain of survival" on survival of out-of-hospital 
cardiacc arrest. Especially early defibrillation has emerged as the single most important 
interventionn [2-5]. The question remains if improvements in the "chain of survival" 
alsoo lead to additional quality of lif e benefit in those who survive. The purpose of 
thiss study was to investigate injury after out-of-hospital cardiac arrest, and to which 
extentt the quality of the "chain of survival" was associated with the quality of life of 
thee survivors, when the patients' characteristics are taken into account. 

METHOD S S 

Studyy design 

Thee study was carried out in Amsterdam and its vicinity. The emergency medical 
systemsystem served a population of 1.6 million inhabitants. In two time periods (between 155 

Junee 1995 to August 1997 and between January 2000 to January 2002) data of all 
patientss in out-of-hospital cardiac arrests, identified by the dispatch center were collect-
ed.. During the first period, the emergency medical system consisted of ambulances 
equippedd with manual defibrillators and manned with a team qualified to perform 
ACLS.. In the second period, the system was strengthened with first responders (poli-
cee and fire fighters), equipped with automated external defibrillators responding to 
cardiacc arrests in parts of the study area. During the two periods, research personnel 
weree alarmed by the dispatch center and attended each cardiac arrest. Data from the 
scenee up to hospital admission were prospectively collected according the Utstein 
stylee [6]. This analysis included all consecutive survivors of out-of-hospital cardiac 
arrestt (age >18 years) discharged alive from the hospital. 

Outcomee measures 

Survivorss were interviewed at home at least 3 months after discharge, to allow for a 

sufficientt period to recover. Quality of life and cognitive functioning were evaluated. 

Thee questionnaires were selected by their psychometric properties and were used in 

otherr CPR studies [7-9]. Quality of life was measured with the 136-item self-reporting 

Sicknesss Impact profile (SIP) with 12 subscales and 2 aggregated sub dimensions 
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(physicall  and psychosocial health) [10]. SIP scores ranged from 0 to 100, higher 
scoress indicated a worse quality of life. Patients were arbitrarily classified as physical 
andd psychosocial impaired when they exceeded more than 1 Z-score from the sample 
meann (Z score individual patient score - sample mean/SD sample mean). Cognitive 
functioningg was assessed with the 30-item Mini Mental State Examination (MMSE). 
Patientss were classified as cognitive impaired at a cut-off score of <23 [11]. The level 
off  independence was assessed with the Rankin scale [12]. Following the Utstein 
recommendations,, patients were classified according the Overall and Cerebral 
Performancee Categories [13]. Patients who could not respond to the questionnaires, 
becausee of poor cognitive functioning, were assessed through interviews with their 
closee relatives using a proxy-version of the SIP. There is no proxy assessment for the 
MMSEE and therefore these non-communicative patients were classified as cognitive 
impaired. . 

Patientt  characteristics and definitions 
Dataa of co-morbidity prior to the out-of-hospital cardiac arrest were collected from the 
medicall  records of the hospital and the patients' general practitioner, who had a full 
recordd on the patients' medical history. Co-morbidity was categorized into no co-

1 566 morbidity, cardiac, non-cardiac or both using the International Classification of 
Diseasess -9th revision codes. A shockable initial rhythm was defined as ventricular 
fibrillationn or ventricular tachycardia as the first recorded rhythm. The duration of the 
cardiacc arrest was defined as the time interval from collapse to the definitive return of 
spontaneouss circulation. 

Processs characteristics and definitions 
Thee emergency medical system process data were described according the "chain of 
survival".. The time intervals were calculated from the estimated moment of the col-
lapse:: to the call to the dispatch center, to CPR, to the first defibrillation, and to 
ACLSS (endotracheal intubation and/or intravenous medication). When a patient had 
collapsedd after the call and in presence of the emergency medical system personnel, 
thiss was coded as 'emergency medical system witnessed'. When return of spontaneous 
circulationn and spontaneous ventilation occurred before ACLS was undertaken, this 
wass defined as 'ACLS not needed'. 

Ethics s 
Medicall  ethics committees of all participating institutes approved the study; patients 
andd relatives gave informed consent for use of patient data and for in-depth testing 



sessionss for assessment of quality of life. 

Statisticall  analysis 
Too express the health state of the out-of-hospital cardiac arrest survivors and possible 
harmm related to the resuscitation, we contrasted the SIP scores of our study group 
withh a population with a known seriously impaired quality of life (stroke patients of 
aboutt the same age) [14], and with a general Dutch open population of elderly 
(rangingg from 61-75 years) [15]. The scores of the open population were set to zero 
usingg D-transformation (SIP mean score of out-of-hospital cardiac arrest group - SIP 
meann score of open population/SD SIP score of open population). 
Continuouss time variables were made categorical (dummy coded), taking the distribu-
tionn and medical relevance into account. To express the impact of patient characteris-
ticss and time related dynamics of the "chain of survival" on the quality of survival, 
wee entered categorical variables such as gender, age, and the time variables in separate 
logisticc regression models using impaired cognitive functioning (MMSE <23), physi-
call  and psychosocial functioning (SIP Z score >1) as dependent variables. To estimate 
thee independent effect of patient characteristics in conjunction with the time variables 
onn cognitive physical and psychosocial functioning after survival, we used multivari-
atee logistic regression (backward elimination) with the MMSE and SIP scores as 157 
dependentt variable. Because of anticipated small subgroups, we used liberal entry and 
removall  criteria, p <0.20 and p >0.10 respectively. The effect sizes were expressed as 
oddss ratios and their 95% confidence intervals. A p-value of less than 0.05 was 
consideredd statistically significant. Analyses were performed using SPSS 10 for the 
Applee Macintosh. 

RESULTS S 

Studyy population 
Duringg the study period, 1868 patients underwent resuscitation, 566 patients (30%) 
initiallyy survived to hospital admission, 227 patients (12%) survived to hospital dis-
charge.. Eighteen/227 patients (8%) died after discharge and before the interview. The 
mediann Overall Performance Categories score of the 18 patients who died prior to the 
interview,, obtained at the moment of hospital discharge, was 2 and the median 
Cerebrall  Performance Categories score was 1. Seven/227 patients (3%) were <18 years 
off  age and excluded, 2 patients had insufficient mastery of the Dutch language, 1 
patientt lived abroad, and 10/227 (4%) were lost to follow-up. At follow-up, 15 
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survivorss refused to participate, 8 of whom reported a good health; one a bad health 

andd 6 refused to answer any questions on their current health. Eventually, 174 

survivorss were interviewed for this study. The median time from the cardiac arrest to 

thee interview was 7 months (range: 4-20 months). 

Patientt  characteristics 
Off  the 174 interviewed survivors, 169 were Caucasian (97%), 142 were male (82%), 

andd their mean age was 62 years (SD 12 years). Thirty percent of the survivors had 

noo previous co-morbidity. Of those with co-morbidity, 60% had cardiac co-morbidity 

andd 10% had only non-cardiac co-morbidity. The median cardiac arrest duration (time 

fromm collapse to the return of spontaneous circulation) was 10 minutes (ranging from 

11 to 28 minutes). 

Functionall  outcome 
Seventy-sevenn percent of the survivors were independent from the help of others 

(Rankinn scale <2). Impaired physical functioning was found in 26/174 survivors 

(15%),, 22 survivors (13%) had impaired psychosocial functioning and 27 survivors 

(16%)) had signs of impaired cognitive functioning (Mini Mental State Examination 

scoree <23). Forty-four percent (12/27) of those with signs of impaired cognitive 

functioningg had also impaired physical and psychosocial functioning. 

Thee median Overall and Cerebral Performance Categories score of the 174 survivors 

wass 1, 16 survivors (9%) had a Cerebral Performance Categories score of >3 indica-

tingg poor cerebral performance and 21 survivors (12%) had a Overall Performance 

Categoriess score of >3 indicating poor overall performance. 

Qualit yy of Lif e compared to other  patient populations (Figure 1) 
Comparingg the quality of life profile of survivors after out-of-hospital cardiac arrest 

withh other populations, the survivors profile was moderately above the open Dutch 

populationn of elderly, indicating a slightly to moderate poorer quality of life (Figure 

1).. The mean SIP-scores of the 3 groups are shown in table 1. 
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Figuree 1. 
SIPss after D-transformation (deviation from the reference data) comparing patients after stroke and out-
of-hospitall  cardiac arrest. The reference data are from an open population of Dutch elderly (zero 
score).. This graph demonstrates that all SIP scores of the out-of-hospital cardiac arrest survivors fall 
withinn one standard score of the scores of the open population, indicating a slightly to at worst a moderate 
poorerr quality of life. All SIP scores of patients after stroke deviate more than one standard score from 
thee open population, indicating an at least considerable worse quality of life. 

Tablee 1. The mean SIP scores lor  the 3 different populations 

Totall  SIP score, mean D 

Physicall  SIP score, mean D 

Psychosociall  SIP score, mean D 

Openn population of 

elderly y 

5.00 4 

5.22 4 

3.55 2 

Afterr  OHCA 

13.11 1 

10.11 4 

11.44 9 

Afterr  stroke 

18.8 8 

19.7 7 

16.9 9 

SIPP denotes Sickness Impact Profile, SD denotes standard deviation, OHCA denotes out-of-hospital 
cardiacc arrest. 
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Patientt  characteristics related to cognitive, physical and psychosocial functio-
ningg (Figure 2) 
Higherr age was not significantly associated with an impaired cognitive, physical and 
psychosociall  functioning, but a trend was observed towards worse physical functioning 
withh advancing age. Eighteen percent of the survivors was female, and was significant 
associatedd with an impaired physical functioning (odds ratio 3.6, 95% CI 1.4-8.9), but 
nott with cognitive and psychosocial functioning. The presence of co-morbidity did not 
significantlyy affect the cognitive and physical and psychosocial functioning. 

Agee Distributio n of patient s (n=174) 

<< 50 years 

500 - 60 years 

611 - 70 years 

711 - 80 years 

>> 80 years 

Gender r 

male e 

female e 

Co-morbidit y y 

noo co-morbidity 

oniyy cardiac 

onlyy non cardiac 

both h 

Cognitiv ee (MMSE| 

 Ref. 

111 Ref 

111 Rel 

Physica ll  (SIP) 

i i 

< < 

( ( 

»» Ref 

II Ref. 

" " 

II Ref. 

Psychosocia ll  (SIP) 

i )) Ref 

 Ref. 

OO Ref 

25%% 75% 001 0.1 1 10 50 0.01 0.1 1 10 50 0.01 0.1 1 10 50 

%% of total Odds ratios Odds ratios Odds ratios 

betterr -4—1—> worse better  worse better -4  worse 

Figuree 2. 
Patientt characteristics of survivors related to cognitive, physical and psychosocial functioning (odds ratios 
andd 95% confidence intervals). The presented odds ratios show the odds of impaired outcome for each 
characteristicc compared with the odds of impaired outcome of the reference group of that particularly 
characteristic.. Impaired cognitive functioning was defined as Mini Mental State Examination <23, physi-
call  and psychosocial impaired functioning as a Z score >1 for that dimension in the SIP. MMSE denotes 
Minii  Mental State Examination, Ref. denotes Reference group, SIP denotes Sickness Impact Profile. 

Chainn of survival related to physical, psychosocial and cognitive functioning (Figure 3) 
Twenty-ninee percent of the calls to the dispatch center occurred before the collapse and 
concernedd conscious patients with severe complaints or symptoms. In these cases the 
ambulancee was already moving or present at onset of the cardiac arrest (Figure 3, 
Earlyy access, emergency medical system witnessed). A trend could be observed 
towardss lower odds ratios (better functioning) for cognitive, physical and psychologi-
call  functioning when ambulance was moving or present and higher odds ratios (worse 
functioning)) were found with an increasing delay from collapse to call. CPR was 
performedd in 22% of the survivors by the ambulance immediately at the onset of the 



arrestt (Figure 3, early CPR, emergency medical system witnessed). CPR by the 
ambulancee personnel tended to be associated with better cognitive and psychosocial 
functioningg compared to immediate CPR by bystanders, while delayed CPR by 
bystanderss (> 1 minute after onset of arrest) tended to be associated with impaired 
cognitivee and physical functioning. There was no tendency for higher odds ratios 
(worsee functioning) with larger delays in the start of CPR. Survivors with an initial 
non-shockablee rhythm had no better or worse functioning than patients found in a 
shockablee rhythm. Delayed defibrillation (over 6 minutes after the collapse) tended to 
bee associated with impaired functioning, though this was not statistically significant. 
ACLSS was not needed in 33% of the survivors. Of these, 59% were emergency medi-
call  system witnessed. The median time to CPR and to shock in these patients was 
onlyy 1 and 4 minutes, respectively, which was significantly shorter than for the 
remainingg patients who needed ACLS (respectively 2 and 10 minutes, p <0.001). 
Thee absence of the need of ACLS was associated with a significant better cognitive 
functioningg (odds ratio 0.3, 95% CI 0.1-0.9) and with a trend towards a better physi-
call  and psychosocial functioning. Delayed ACLS (>7 minutes after the collapse) was 
associatedd with a trend towards an impaired physical and psychosocial functioning. 

Independentt  impact of patient and process characteristics on physical, psycho-
sociall  and cognitive functioning 
Alll  patient and process characteristics with a p-value <0.20 were entered into logistic 

regressionn models with cognitive, physical and psychosocial functioning as dependent 

variable.. Impaired cognitive functioning was associated with delay in the start of 

CPR.. Impaired physical functioning was associated with advancing age (71-80 years: 

oddss ratio 5.4, 95% CI 1.2-29.5, >80 years: odds ratio 9.4, 95% CI 1.2-72.0) and by 

femalee gender (odds ratio 4.0, 95% CI 1.2-13.3). An association between impaired 

psychosociall  functioning and one of the patient- and process characteristics was not 

found.. Sensitivity analysis with different cut-off values for good/poor cognitive, 

physicall  or psychosocial functioning did not yield statistically different results. In a 

subgroupp analysis of patients with a shockable initial rhythm, we could not demon-

stratee that the time to defibrillation had a statistically independent effect on cognitive 

functioning,, physical functioning and psychosocial functioning. Regression analysis 

showedd no group difference with regard to the two study periods. 



Chapterr 10 Quality of Life after Out-of-Hospitai Resuscitation 

Distributio nn of patient s (n=174) Cognitiv ee (MMSE) Physica l (SIP) 

I62 2 

Earlyy Access 
Ef/SS witnessed 

OO Ref. 

-- '

<< > Ref. 

OO Ref 

11 > Ref. 

<»» Ref 

Psychosocia ll  (SIP) 

 Ref 

I II Ref 

— — 

50%% 0 01 0 1 1 10 50 0.01 0 1 1 10 50 0.01 0.1 1 10 50 

oddss ratios odds ratios odds ratios 
betterr - 4 — ! —  worse better 4 — I —  worse better -4  worse 

Figuree 3. 
Thee links of the "chain of survival" related to cognitive, physical and psychosocial functioning of survi-
vorss of out-of-hospital cardiac arrest (odds ratios and 95% confidence intervals). The presented odds 
ratioss show the odds of impaired outcome for each characteristic compared to the odds of impaired out-
comee of the reference group of that particular characteristic. Impaired cognitive functioning was defined 
ass Mini Mental State Examination <23. physical and psychosocial impaired functioning as Z score >1 for 
thatt dimension in the SIP. ACLS denotes Advanced Cardiopulmonary Life Support, CPR denotes 
Cardiopulmonaryy Resuscitation, MMSE denotes Mini Mental State Examination, Ref. denotes Reference 
group.. SIP denotes Sickness Impact Profile. 

DISCUSSION N 

Thiss study demonstrated that the final outcome of out-of-hospital cardiac arrest in 
termss of quality of life and cognitive functioning is acceptable in general. Most 
(77%)) of the survivors were independent from help of others. Female gender was 
foundd to be independently associated with worse physical functioning, which is 
observedd in other studies, especially concerning domains of physical functioning [16]. 
Wee found a limited relation between the time related dynamics of the "chain of survi-
val""  and the cognitive, physical and psychosocial functioning of the survivors. 
However,, this relation could be demonstrated clearly between the early start of CPR 



andd better cognitive functioning. There is a common clinical belief that long time delays 

inn links of the "chain of survival" cause death and induce a poor quality of life. Such a 

distinctt relation between the "chain of survival" and the quality of survival is not sup-

portedd by our study results. Time related aspects of the "chain of survival" did not have 

aa uniform effect on all 3 dimensions of quality of survival. Complex patterns were 

found.. The univariate analysis suggested that early access; early CPR and early defibril-

lationn resulted in a better cognitive, physical and psychosocial functioning. An important 

observationn of our study was that extreme delays were not associated with poorer func-

tioningg than moderate delays. The absence of the need for ACLS interventions led to 

significantt better cognitive outcome. These patients had a significant shorter delay to 

CPRR and shock delivery. In turn, the delayed ACLS did not imply a poor neurological 

outcomee per se; 63% of the patients who received delayed ACLS were neurological un-

impaired.. A possible explanation for this observation could be that damage occurs soon 

afterr the cardiac arrest and that extended delays do not increase harm. This would imply 

thatt only extreme enhancements in the time related dynamics of the "chain of survival" 

mightt lead to improved health outcomes. A more likely explanation for the study results 

iss that some patients may have received CPR with a higher quality than others, thereby 

allowingg longer delays to the next link in the "chain of survival". 

Thee interval between cardiac arrest and the assessment (median 7 months) may have 

resultedd in the "survival of the fittest" [17]. However, we calculated Overall and Cerebral 

Performancee Categories scores from the medical records at the moment of hospital 

dischargee of the survivors who died before the assessment, and their cerebral and overall 

statuss was good. We choose not to assess the health outcomes earlier, since it is essential 

too allow patients to recover and we believe that this achieved health state is the most 

relevant.. For the survivors lost to follow-up (n=10), we carried out a thorough search. 

Wee believe that they were alive and not living in a nursing home, because this requires a 

civill  and insurance registration. Of the patients who refused to take part in the study, we 

reportedd that at least half of this group was in good health. Non-communicative 

participatingg survivors were assessed through their proxies and their data were included 

inn the study. There is no reason to believe that our study is biased towards too 

optimisticc outcomes. 
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