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Chapterr 3 Health System Costs of Out-of-Hospital Resuscitation 

ABSTRACT T 

Objective e 
Thiss study was performed to determine the health care resources used and related direct 
medicall  costs during the first half-year following out-of-hospital cardiac arrest (OHCA) 
inn relation to time to shock. Furthermore, this study assessed the relationship between 
healthh care costs per life gained and reduction in time to shock by 2, 4 and 6 minutes. 

Methodss and Results 
Consecutivee patients in witnessed OHCA in Amsterdam, the Netherlands, with VF as 

initiall  rhythm, were included. Clinical and costs data were prospectively collected. 

Eachh patient's time to shock was estimated and assigned to one of 3 categories: <7 

minutess (early), 7-12 minutes (intermediate), and >12 minutes (late). Incremental 

cost-effectivenesss analysis and Monte Carlo simulation were performed comparing 

scenarioss of reduction in time to shock to baseline of 2, 4 and 6 minutes. We inclu-

dedd 308 patients. Six-month survival was 22%. The mean pre-, in- and post-hospital 

costss in the first half-year following OHCA were €559, €6.869 and €666. On avera-

466 ge, €28.636 was spent per survivor and € 2.384 per non-survivor. Among patients 

shockedd early (N=24), 46% survived, averaging €20.253, 54% died, averaging 

€2.836.. Of the intermediate group (N=149) 26% survived, averaging €31.467, and 

74%% died, averaging €2.884. Among patients shocked late (N=135), 13% survived, 

averagingg €27.781, 87% died, averaging €1.859. The point estimate of the incremental 

cost-effectivenesss ratios for the scenarios in reduction of time to shock of 2, 4, and 6 

minutess compared to baseline was €17.508, €14.303 and €12.708 per life saved, 

respectively. . 

Conclusion n 
Mostt costs were made in-hospital. Costs per survivor were lowest with the shortest 

timee to shock. Reducing the time to defibrillation increases the health-care costs to an 

acceptablee amount. 



INTRODUCTIO N N 

Thee use of automated external defibrillators (AEDs) by lay rescuers such as police, 
firefire fighters, flight attendants and security personnel has shown to improve the survi-
vall  of out-of-hospital cardiac arrest (OHCA) [1-3]. 

Thee costs-effectiveness of these early defibrillation programs critically depends on the 
incidencee of cardiac arrest in relation to the required amount of defibrillators and the 
expectedd gain in time to defibrillation. Various studies have shown that their AED 
programss appear to fall within the conventional standards of costs-effectiveness [4-9]. 
Withh the improvement of pre-hospital care more patients wil l survive to hospital 
admissionn and therefore health care costs will increase. In 3 studies, 2 on public 
accesss defibrillation and one on the cost-effectiveness of AEDs on board of aircrafts, 
healthh care costs were taken into account [4,5,9]. These studies used one fixed price 
forr a survivor and one fixed price for a non-survivor of OHCA. Shortening the time 
too defibrillation may have impact on the clinical condition of the patient upon arrival 
inn the hospital and the subsequent in-hospital course. 

Wee studied the direct costs of pre-, in-, and post-hospital health care in a cohort of 
victimss of OHCA, in which the time to defibrillation of each individual could be 
relatedd to these health care costs in the first 6 months after resuscitation. Furthermore, 47 

wee could determine the incremental health care costs per life saved, derived from sce-
nario'ss of reduction in time to shock by 2, 4 and 6 minutes. 

METHOD S S 

Studyy area, emergency medical system and patient selection 
Thee study area included the city of Amsterdam and a surrounding area with both 

urbann and rural parts, including 1.6 million inhabitants, covering 885 square kilome-

ters.. Between January 2000 and January 2002 data of all patients in OHCA, identified 

byy the emergency medical system (EMS) dispatch center, were prospectively collected 

inn the setting of a controlled trial to the effect of the use of AEDs by first responders. 

Thee standard EMS consisted of ambulances, manned with a team qualified to perform 

advancedd cardiopulmonary life support (ACLS). Police and fire-fighter first responders 

weree equipped with an AED. When the first responders with AED arrived first at the 

scenee they used the AED. Paramedics could take over the resuscitation connecting their 

ownn manual defibrillator. Patients with a witnessed cardiac arrest and an initial 

shockablee rhythm were included in this analysis. Excluded were patients below the 
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agee of 18 years and patients with a cardiac arrest of traumatic origin. 

Dataa collection 
Dataa collection on scene took place by dedicated data collectors (medical students), 

alarmedd shortly after the ambulance, who reached the scene by car. Data were obtained 

onn the circumstances of the arrest, the estimated moment of collapse, witnesses, 

bystanderr cardiopulmonary resuscitation, sequence of events, and relevant time 

points,, by directly interviewing all persons involved. The continuous rhythm data 

fromm the AEDs and manual defibrillators were downloaded into a laptop on the scene. 

Deviationss of internal clocks were corrected by comparison with radio-controlled 

clocks.. An experienced research nurse assessed the survivors at 6 months after the 

resuscitationn and classified the patients according to the 5-point scale of Glasgow-

Pittsburghh Overall and Cerebral Performance Category (OPC and CPC). 

Definitions s 
Rhythmss were categorized as shockable (VF/VT), asystole (amplitude <100mV) or 

organizedd rhythm. The time to shock was defined as the time from the moment of the 

collapse,, as estimated by the data collector, to the delivery of the first shock. Return 

488 of spontaneous circulation (ROSC) was defined as return of a palpable pulse for at 

leastt 15 seconds. 

Primar yy end point 
Beingg alive at 6 months after the cardiac arrest was taken as the end point of effectiveness. 

Ethics s 
Medicall  ethics committees from the participating hospitals and EMS approved the 

studyy and considered the study exempt for informed consent prior to treatment. Medical 

authorizationn was obtained from patients or family members post resuscitation. 

Costs s 
Costss were calculated as the product of volumes of used health care resources and 

theirr 2001 unit costs. Only direct medical costs were taken into account. Account was 

keptt of all volumes during hospitalization from medical records per patient: days of 

admissionn in the different wards, diagnostic investigations (including laboratory tes-

ting)) and therapeutic procedures. Volumes of post-discharge health care were recorded 

byy assessing medical records and interviewing the general practitioner and the patient 

orr family members at 6 months after the OHCA. These volumes included: days of 



caree in nursing homes and rehabilitation centers; readmissions to hospital; visits to 
outpatientt hospital clinics and to the general practitioner; treatments by physiothera-
pistt and hours of home care. 

Becausee of the observed high volumes and the potentially costly nature of inpatient 
hospitall  days, standard cost-accounting procedures based on the 2001 hospital ledger 
weree followed to estimate true costs of involved personnel and used materials. 
Additionall  costs of overhead per inpatient day were derived from existing Dutch 
healthh care costing guidelines [10]. The total costs per inpatient hospital day were dif-
ferentiatedd for academic and non-academic hospitals. 

Costss of the outpatient hospital consultations and of home support were based on 
estimatess of the true costs of these services available from 2 national standard costs-
accountingg studies [11]. Costs of ambulance care, emergency room treatment, out-of-
hospitall  consultations by the general practitioner and the physiotherapist, and days in 
aa nursing home were based on national census data (e.g. total expenditures for general 
practitionerr care divided by the number of insured patients and the average number of 
consultationss per insured patient) [12]. 

Forr the less frequently observed major diagnostic procedures (e.g. coronary angiogra-
phy,, electro-encephalography) and interventions (e.g. angioplasty, coronary bypass 
surgery),, either standard charges [13] were used as a surrogate for costs or cost data 
fromm prior research [14] were used, adjusted for the year 2001 using price indices for 
thee health care sector. Costs are reported in 2001 Euro (€). 

Cost-effectivenesss analysis 
PatientsPatients were classified in 3 groups according to time to the first shock. As the 

AHA/ILCORR guidelines consider shock delivery within 5 minutes after call a high 

priorityy goal and we observed a median time from collapse to call of 2 minutes, we 

definedd group 1 as shock delivery within 7 minutes after the collapse [15]. We divi-

dedd the remaining patients into 2 approximately equally numbered groups; group 2: 

shockk delivery between 7 and 12 minutes, and group 3: shock delivery >12 minutes 

afterr the collapse. For these groups the 6 month survival and the mean total health 

caree costs during the first half year after the resuscitation was calculated. 

Scenarioss were made in reduction to time to shock of 2, 4 and 6 minutes. To apply a 

scenarioo we subtracted 2, 4 or 6 minutes respectively from the measured time from 

calll  to shock and reclassified, if applicable, each patient to one of the 3 "time to 

shock""  groups, with the associated survival and costs. The overall survival and costs 

afterr the resuscitation were calculated for each scenario. 
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Statisticall  analysis and sensitivity analysis 
Unitt costs were applied to the volume data of the individual patients to arrive at 

costss per patient. Descriptive statistics were used to express the use of health care 

resourcess and related costs for the 3 groups in time to shock. To test differences in 

costss between the 3 groups and subgroups of survivors and non-survivors the 

Jonkheere-Terpstraa test was used (a non-parametric test for ordered differences among 

groups).. Point estimates of average health care costs and of the probabilities of survi-

vall  of the 3 groups were used to calculate the incremental cost-effectiveness ratios of 

thee scenarios in reduction of time to shock of 2, 4 and 6 minutes versus baseline. To 

accountt for data uncertainty, a Monte Carlo simulation was performed consisting of 

5000 first-order runs each representing 500 second-order runs [16]. The simulation used 

thee observed (6) distributions of health care costs data for the patients alive or dece-

asedd in the 3 groups. The probabilities of patients being alive in each group were 

assumedd to follow Beta distributions [17]. Incremental cost-effectiveness scatter plots 

ass well as acceptability curves for willingness to pay values up to €100.000 are pre-

sentedd for each comparison of time reduction scenarios with baseline. 

Too investigate the robustness of our results to changes in the underlying unit costs 

wee performed an additional Monte Carlo analysis using different unit costs for the 

importantt units, derived from published data from another Dutch cost-effectiveness 

analysis,, after price indexing, concerning stenting versus balloon angioplasty [18]. 

RESULTS S 

Inclusion n 
AA total of 583 consecutive patients were enrolled during the 24-month study period. 

Off  these, 252 patients (43%) had an initial non-shockable rhythm and of the patients 

withh a shockable rhythm 23 were non-witnessed cardiac arrests. Therefore 308 patients 

withh an initial shockable rhythm and witnessed cardiac arrest were included in the 

analysis.. Baseline and process characteristics of these patients are shown in table 1. 



Tablee 1. Patient and process characteristics of all consecutive patients in witnessed out-of-hospital 
cardiacc arrest with initia l rhythm VF (n=308). 

Characteristic c 

Male,, n (%) 

Age,, years, mean D 

CPR,, n (%) 

Bystanderr CPR 

Firstt responder CPR 

CPRR started after ambulance arrival 

Firstt shock by AED, n n (%) 

Timee intervals in minutes, median (inter 

quartilee range) 

Collapsee to call 

Collapsee to CPR 

Collapsee to shock 

Collapsee to ACLS 

Value e 

2511 (81%) 

4 4 

1688 (55%) 

800 (26%) 

600 (19%) 

700 (23%) 

2(1-3) ) 

22 (1-6) 

111 (9-15) 

14(11-17) ) 

Patientt  outcome 
ROSCC occurred in 195/308 patients (63%) and 144/308 patients (47%) were admitted 
too the hospital. Seventy-two patients (23%) survived to hospital discharge. At 6 
monthss 67/308 patients (22%) were still alive. In 44/67 (66%) of the survivors the 
CPC-- and OPC-score was 1 (indicating functioning at pre-arrest level). A CPC- and 
OPC-scoree of 2 (some limitation) was scored in 15 patients. Seven patients (10%) 
hadd a CPC- and OPC-score of >3 indicating a poor cerebral and overall performance 
andd 1 patient had an CPC-score of 2 and an OPC-score of 3. 
Thee Kaplan-Meier survival curves for the 3 groups in time to shock are shown in 
figuree 1. The difference in survival is statistically significant (p <0.001). 

51 1 

Figuree 1. 
Kaplan-Meierr survival 
curvess for the 3 groups 
byy time interval from 
collapsee to first shock. 
Thee overall 6 months 
survivall  for group 1 
(earlyy shock) was 
11/24(46%),, for group 
22 (intermediate shock): 
38/1499 (26%) and for 
groupp 3 (late shock): 
18/1355 (13%), p<0.001. 

0.75--

0.5 5 

E E 
O O 

0.25 5 

\ \ 

V V 

Groupp 1: S7 min 

Groupp 2: 7-12 mm 

Groupp 3 >12 min 

30 0 60 0 90 0 
Days s 

120 0 
— I — — 
150 0 180 0 



Chapterr 3 Health System Costs of Out-of-Hospital Resuscitation 

Volumes s 
Inn table 2 the volumes and unit prices of health care utilization during pre-hospital, 

in-hospitall  and post-discharge treatment are shown, separately for the survivors and 

non-survivors.. The distribution over the different departments during the in-hospital 

stayy for all 144 patients admitted to the hospital from the emergency room is shown 

inn figure 2. 

 ICU S CCU 0 Ward D Discharge  Dead 

00 5 10 15 20 25 30 35 40 45 50 55 60 

Timee from collapse in days 

Figuree 2. 
Distributionn over the different departments over time during hospital stay. 
T0== admission to the hospital from the emergency department, n=l44. 
Aboutt 90% of the patients who die, do so within the first week of admission, most at the ICU. Median 
hospitall  stay for survivors was 24 days (range 8-171 days). 



Tablee 2. Resource utilization during first 6 months following VF witnessed out-of-hospital cardiac arrest. 

Resources s 

Pre-hospitall  care 

In-Hospitall  care 

Interventions s 

Diagnostics s 

Long-termm care facility 

Post-discharge,, consultations 

Otherr post-discharge care 

Ambulancee care 

Presentationn shock room 

ICUU days 

CCUU days 

Cardiologyy ward days 

Neurologyy ward days 

Otherr ward days 

Ambulancee transport 

Angioplasty y 

CABG G 

ICDD implantation 

Pacemaker r 

Laboratoryy examination 

Angiography y 

EPS S 

MPS S 

CT-scan n 

EEG G 

SSEP P 

Rehabilitationn days 

Nursingg home days 

Cardiologist t 

Otherr specialist 

Generall  practitioner 

Rehabilitationn center 

Physiotherapist t 

Otherr paramedic 

Hourss of domiciliary care 

Unitt costs in 

Euro o 

348 8 

403/291* * 

1.468/1.044* * 

699/499* * 

255/201* * 

381/291* * 

255/201* * 

152/303t t 
5.333/6.674J J 

8.156 6 

31.173 3 

4.804 4 

20 0 

787 7 

584 4 

517 7 

162 2 

93 3 

58 8 

357 7 

141 1 

59 9 

48 8 

17 7 

95(+intake:222) ) 

19 9 

19 9 

24 4 

Volumess per 100 patients 

Survivors s 

N=67 7 

100 0 

100 0 

285 5 

493 3 

1.751 1 

191 1 

107 7 

87 7 

19 9 

15 5 

28 8 

1 1 

1.510 0 

49 9 

28 8 

18 8 

21 1 

6 6 

3 3 

119 9 

745 5 

121 1 

49 9 

119 9 

1.329 9 

142 2 

146 6 

4.505 5 

Non-survivors s 

N=241 1 

100 0 

60 0 

111 1 

35 5 

84 4 

0 0 

0 0 

6 6 

3 3 

0 0 

0 0 

0 0 

160 0 

1 1 

0 0 

1 1 

4 4 

10 0 

8 8 

0 0 

54 4 

1 1 

0 0 

1 1 

0 0 

0 0 

0 0 

0 0 

Total l 

N=308 8 

100 0 

69 9 

149 9 

136 6 

634 4 

42 2 

23 3 

23 3 

7 7 

3 3 

6 6 

0 0 

449 9 

11 1 

6 6 

5 5 

8 8 

9 9 

7 7 

26 6 

204 4 

27 7 

11 1 

25 5 

289 9 

31 1 

32 2 

980 0 

**  Academic hospital/non-academic hospital 
tt Ambulance transport one way/return 
^Angioplastyy without stcnting/with stenting 
CCU:: coronary care unit, ICU: intensive care unit, CABG: coronary bypass grafting, ICD: implantable 
cardioverterr defibrillator, EPS: electrophysiological studies, MPS: myocard perfusion scintigraphy, CT-
scan:: computer tomography, EEG: electro-encephalography, SSEP: somatosensory evoked potentials. 
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Tablee 3. Direct medical costs for  survivors and non-survivors in relation to time to shock 

Timee to first N (%) 

shock k 

Pre-hos-- In-hospital 

pita!!  costs nursing day 

costs s 

ln-hospital l 

diagnosticss and 

interventionn costs 

Post-dischar-- Total 

gee costs costs 

II  <7 minutes 24 

—— 7-12 minutes 149 
eg g 

££ >12 minutes 135 

6166 3 4.418 1 

5766 3 4.772 1 

5300 0 2.880 9 

4.7500 3 

3.9722 8 

1.5122 6 

1.0355 6 10.819 4 

8544 1 10.174 5 

3944 4 5.315 9 

|=.. <7 minutes 11 (46%) 654 0 

|| 7-12 minutes 38(26%) 654 0 

Jjj  >12 minutes 18(13%) 654 0 

gg <7 minutes 13(54%) 584 4 2.208 6 45 1 

%% 7-12 minutes 111(74%) 549 6 2.003 1 330 4 
Co o 

gg >I2minutes 117(87%) 3 1.131 0 217 9 

11 10.312 7 0 7 

12.8599 5 14.610 3 3.344 0 31.467 7 

14.2488 6 9.928 4 2.951 6 27.781 1 

0 0 
22 ±1 0 

0 0 

2.83 66 ±4.15 7 

2.88 44 ±4.86 0 

1.85 99 ±3.91 2 

Al ll  costs in Euros, mean D 

Costss and cost-effectiveness 
Thee mean pre-, in- and post-hospital costs in the first half year following OHCA were 
€559,, €6.870 and €666 per patient. For survivors and non-survivors the total health 
caree costs were €28.636 and €2.383, respectively. Non-survivors incurred lower expen-
sess than survivors. The distribution of the costs data was highly skewed, typically for 
costss data; few patients incurred particularly high costs. Table 3 shows the costs for sur-
vivorss and non-survivors for the 3 groups in relation to time to shock. The difference 
betweenn the in-hospital nursing day costs for the survivors in the 3 groups was signifi-
cantt (p = 0.045). The survivors who received the shock earlier spent the least days on 
thee ICU, the mean duration of ICU stay for early, intermediate and late time to shock 
wass 1.4, 2.5 and 4.4 days, respectively (p=0.02). The point estimate of the incremental 
cost-effectivenesss ratios for the scenarios of reduction in time to shock by 2, 4 and 6 
minutess related to baseline were €17.508, €14.303 and €12.708, respectively. These 
costss represent the additional costs for health care during the first half-year for each life 
savedd as a consequence of the reduction in time to shock. Figure 3a-c shows the cost-
effectivenesss planes based on the Monte Carlo simulation for each scenario with a 95% 
confidencee interval and shows the corresponding acceptability curves for different willing-
ness-to-payy values up to €100.000. The Monte Carlo analysis based on price-indexed 
unitt costs from Serruys et al [18] did not deviate notably from the reported results. 
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Figuree 3A-C. Results of Monte Carlo simulation displayed in cost-effectiveness planes and acceptability 
curvess for different willingness-to-pay values up to €100.000. 
A:: Scenario reduction in time to shock of 2 minutes versus baseline 
B:: Scenario reduction in time to shock of 4 minutes versus baseline 
C:: Scenario reduction in time to shock of 6 minutes versus baseline 
Thee ellipses represent the 95% confidence interval. 
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DISCUSSION N 

Thiss study analyzed the health care costs incurred with resuscitation of OHCA patients 

foundd in VF. As the interval between collapse and first shock was known in each 

patient,, we could relate the health care costs to time to defibrillation and the cost-

effectivenesss of scenarios in reduction of time to defibrillation could be calculated. 

Six-monthh survival was 22% of the 308 OHCA patients. On average, €28.636 was 

spentt on medical costs in the first half-year after the resuscitation per survivor and 

€2.3833 per non-survivor. Most costs after OHCA were made in-hospital. While pre-

hospitall  costs for survivors and non-survivors were the same, in-hospital costs for 

non-survivorss were much lower than those for survivors, both for nursing days costs 

andd the costs of diagnostics and intervention. We showed that the majority of patients 

dyingg in-hospital do so within the first week of admission in the ICU, while compli-

catedd diagnostic and therapeutic interventions are usually deferred to later in-hospital 

stay.. An important observation was that survivors who received an early shock had 

significantlyy less in-hospital nursing day costs, because of significantly fewer admis-

sionn days on the ICU. The lower cost from the hospital care for the early-defibrillated 

survivorss is not reflected in the total cost in this group, because of the large difference 

inn survival rates. With late defibrillation, the high proportion of "cheap" non-survi-

vorss has a large favorable impact on the total costs. Conversely, the high cost of 

medicall  care in early-defibrillated patients is still relatively low as it benefits a high 

proportionn of survivors. Monte Carlo simulation showed that system improvements 

resultingg in a time gain of 2, 4 or 6 minutes have a 0.95 probability of being cost-

effectivee at willingness-to-pay values per life saved of respectively €64.000, €59.000 

andd €61.000, based on the health care costs in the first half-year following the resus-

citation.. There is even a 20-30% chance in each scenario that the saving of a live is 

costt neutral or cost saving. 

Theree is no absolute standard that can be applied to judge how much society is willing 

too spend on medical care for saving a life. In general, wealthier countries are willing 

too pay more than poorer countries. In the United States, a cost-effectiveness ratio of 

<$50.0000 per life year gained is regarded as economically attractive. On the other 

hand,, a cost-effectiveness ratio of >$ 100.000 per gained live year is generally regarded 

ass economically unattractive [19]. The willingness to pay presented in this study 

appliess to a whole life saved and the costs measurement was limited to 6 months. 

Thee expected long-term survival among OHCA survivors is recently described, the 

observedd 5-year survival was 79%, only slightly lower than the general population 

andd identical to age-, gender- and disease-matched controls [20]. We assumed that the 



medicall  costs after 6 months will be similar to those of cardiac patients who never 

havee been resuscitated. When we conservatively estimate that an OHCA survivor lives 

onn average for another 5 years, all reduction in the time to shock is attractive accor-

dingg to standards for cost-effectiveness. 

Thee program costs of early defibrillation have not been incorporated in our analysis. 

Thee costs which must be made to decrease time to defibrillation as described in the 

scenarioss are of major concern to decision makers among the police and fire fighters 

whoo face a restricted budget. From the perspective of society, these costs must be 

addedd to the health care costs in order to fully describe the costs involved. These pro-

gramm costs may be significant and wil l be highly dependent on the local situation and 

involvee changes in organization of the dispatch center, training of first responders, 

purchasee and depreciation of AEDs, material and personnel costs of involvement of 

firstt responders during resuscitation efforts. The more the response time must be redu-

ced,, the more extensive the efforts and the higher the cost may be. 

Improvementss in the emergency medical system have shown to be feasible [1,2,21]. 

Onlyy controlled programs give insight in the benefit in terms of time gained. The 

Casinoo project of Valenzuela is an example of a study reporting an extremely large 

improvementt of the response time compared with the conventional ambulance service. 

Forr that reason, the Casino project is exceptional and cannot be considered representa-

tivee of general first responder projects. More representative is the police study in 

Miami-Dadee County [2], where police was equipped with AEDs. The time from col-

lapsee to arrival decreased from 7.6 minutes to 4.9 minutes. It is likely that most pro-

grams,, which are dependent on dispatching of ambulances and first responders, wil l 

resultt in modest improvement in collapse to shock times. But even then, the propor-

tionn of patients "shifting" to the shortest time to shock may increase substantially. 

Limitation s s 
PatientsPatients selected for this analysis were prospectively included in the setting of a con-

trolledd trial to the effect of first responder defibrillation. During this trial, half of the 

firstfirst responders were equipped with an AED (experimental group). In the experimental 

group,, the first shock was delivered 101 seconds earlier (median 11.1 minutes after 

collapse).. With this small and late time gain, no difference in 6 month survival was 

found.. Therefore we pooled all patients and performed an incremental costs effective-

nesss analysis by assessing the shifts in time to shock groups when the time to shock 

hadd been reduced with 2, 4 and 6 minutes. By calculating only the shifts occurring 

betweenn the groups for the scenarios, we did not take shifts within the groups into 
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account.. We decided upon the creation of groups instead of modeling continuously to 

achievee a reasonably stable estimate of the costs involved. 

Forr obvious reasons the patients could not be randomized to the time to shock and 

thee groups were retrospectively created. We found no differences with regard to the 

baselinee characteristics between the 3 groups. Therefore it is unlikely that the differen-

cesces in costs between groups were the consequence of the baseline states of the 

patients. . 

Thee time interval between collapse and first shock was the sum of an estimated inter-

vall  between collapse and call and accurately measurement of the interval between call 

andd shock. The moment of collapse is the moment that cerebral and other body func-

tionss start to deteriorate, which is probably a major determinant of speed of recovera-

bility .. Therefore using the time interval from collapse instead of call will be the most 

accuratee for the purpose of this study. 

InIn this analysis only patients with an initial shockable rhythm were included, the sur-

vivall  benefit of early response is mainly to be expected in patients with an initial 

shockablee rhythm. With improvements in response time a larger proportion of 

patientss can expected to be found in a shockable rhythm and therefore the actual bene-

fitt of early response could even be larger than reported. 

Ourr study included only direct medical costs. Indirect non-medical costs such as of 

sickk leave were not taken into account; the average age of the patients was 66 years, 

meaningg that most of them had already left the workforce. 

Ourr Dutch costs may not be directly transferable to other countries because of diffe-

rencess in costs of health care resources and because of differences in practice patterns 

andd resources used. 

Inn conclusion, costs per survivor were lowest with the shortest time to shock, mainly 

duee to less use of ICU-beds. The increase in healthcare costs resulting from increased 

survivall  by shortening the delay to defibrillation is low by the standards of health 

economics.. Shortening of time to shock is economically attractive from the perspecti-

vee of health care economics. 
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