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BACKGROUND: In patients with out- of- hospital cardiac arrest without ST- segment elevation, immediate coronary angiography 
did not improve clinical outcomes when compared with delayed angiography in the COACT (Coronary Angiography After 
Cardiac Arrest) trial. Whether 1 of the 2 strategies has benefits in terms of health care resource use and costs is currently 
unknown. We assess the health care resource use and costs in patients with out- of- hospital cardiac arrest.

METHODS AND RESULTS: A total of 538 patients were randomly assigned to a strategy of either immediate or delayed coronary 
angiography. Detailed health care resource use and cost- prices were collected from the initial hospital episode. A general-
ized linear model and a gamma distribution were performed. Generic quality of life was measured with the RAND- 36 and 
collected at 12- month follow- up. Overall total mean costs were similar between both groups (EUR 33 575±19 612 versus 
EUR 33 880±21 044; P=0.86). Generalized linear model: (β, 0.991; 95% CI, 0.894– 1.099; P=0.86). Mean procedural costs 
(coronary angiography and percutaneous coronary intervention, coronary artery bypass graft) were higher in the immediate 
angiography group (EUR 4384±3447 versus EUR 3028±4220; P<0.001). Costs concerning intensive care unit and ward stay 
did not show any significant difference. The RAND- 36 questionnaire did not differ between both groups.

CONCLUSIONS: The mean total costs between patients with out- of- hospital cardiac arrest randomly assigned to an immedi-
ate angiography or a delayed invasive strategy were similar during the initial hospital stay. With respect to the higher invasive 
procedure costs in the immediate group, a strategy awaiting neurological recovery followed by coronary angiography and 
planned revascularization may be considered.
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The outcome of patients with out- of- hospital car-
diac arrest (OHCA) remains poor, with survival 
to hospital discharge ranging between 10% and 

30%.1 Even after the return of spontaneous circulation 
has been achieved, mortality is still around 40%.2 The 
leading cause of in- hospital mortality is poor neuro-
logic outcome, which cannot be predicted in the early 
phase after cardiac arrest.3

While international guidelines recommend emer-
gency coronary angiography (CAG) and percutane-
ous coronary intervention (PCI) in selected patients 
after OHCA,3,4 the right timing of intervention is still 
under debate.5,6 However, emergency angiography in 
patients without a coronary or ischemic cause of the 
OHCA can further delay evidence- based interventions 
on survival such as targeted temperature management 
and hemodynamic support. The COACT (Coronary 
Angiography After Cardiac Arrest) trial (Netherlands 
Trial Register number NL4857) was designed to ad-
dress this issue. In this investigator- initiated, ran-
domized, open- label, multicenter trial, a strategy of 
immediate CAG was compared with a strategy of de-
layed angiography in patients who had been success-
fully resuscitated after cardiac arrest and did not have 
ST- segment elevation on ECG.7 With respect to 90- day 
survival no significant difference was seen between 
the 2 groups.8 Also, no improvement in 1- year clini-
cal outcome was observed.9 A recent meta- analysis 
of 3581 patients (11 studies) also found no significant 
difference in 30- day mortality, neurological outcome, 
and PCI rate between early versus nonearly CAG in 
OHCA without ST- segment elevation.10

In case of equivalence with regard to health out-
comes, it is important to assess the costs related to 
either strategy. Significant differences in costs be-
tween the 2 modalities can provide information for 
policymaking and help in final decision making about 
the implementation of either an immediate or delayed 
angiography strategy in patients after OHCA without 
ST- segment elevation. Total costs related to manag-
ing patients with OHCA are mainly driven by in- hospital 
costs and length of stay at the intensive care unit (ICU) 
during the initial hospitalization.11,12 We performed a 
prespecified cost- consequence analysis based on 
the hospital stay and collected RAND- 36 quality- of- life 
scores at 12 months.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request. Details of the COACT trial have been 
published previously.7– 9 In summary, the COACT was 
a multicenter, randomized, controlled, open- label trial 
involving 19 hospitals in the Netherlands. Between 
January 2015 and July 2018, a total of 552 comatose 

CLINICAL PERSPECTIVE

What Is New?
• Coronary angiography in patients without ST- 

segment– elevation myocardial infarction who 
are successfully resuscitated after out- of- 
hospital cardiac arrest can be performed im-
mediately or after neurologic recovery

• Data of health care resource use and costs may 
provide information for policymaking and help 
in final decision making choosing either early or 
delayed coronary angiography in these patients

• In this analysis, no significant difference was 
seen in mean total costs, but higher procedure 
costs were seen in the immediate invasive coro-
nary angiography group compared with a de-
layed invasive strategy.

What Are the Clinical Implications?
• In patients successfully resuscitated after out- 

of- hospital cardiac arrest without signs of 
ST- segment elevation on the ECG, a more con-
servative strategy awaiting neurological recov-
ery followed by planned coronary angiography 
(and a subsequent revascularization strategy) 
reduces procedural costs.

Nonstandard Abbreviations and Acronyms

ARREST Advanced Reperfusion Strategies for 
Patients With Out- of- Hospital 
Cardiac Arrest and Refractory 
Ventricular Fibrillation

CAG coronary angiography
COACT Coronary Angiography After Cardiac 

Arrest
DISCO Direct or Subacute Coronary 

Angiography in Out- of- Hospital 
Cardiac Arrest

FRISC Fast Revascularisation During 
Instability in Coronary Artery 
Disease II

OHCA out- of- hospital cardiac arrest
RITA- 3 Third Randomised Intervention Trial 

of Unstable Angina
TACTICS Treat Angina With Aggrestat and 

Determine Cost of Therapy With an 
Invasive or Conservative Strategy— 
Thrombolysis in Myocardial Infarction 
(TIMI) 18

TOMAHAWK Immediate Unselected Coronary 
Angiography Versus Delayed Triage 
in Survivors of Out- of- Hospital 
Cardiac Arrest Without ST- Segment 
Elevation
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patients with OHCA with an initial shockable rhythm 
and without ST- segment elevation on the ECG were 
randomized in a 1:1 ratio to undergo immediate or de-
layed coronary angiography. The study was conducted 
according to the principles of the Declaration of Helsinki 
and in accordance with the Medical Research Involving 
Human Subjects Act and the statements of the Dutch 
Central Committee on Research Involving Human 
Subject. The COACT was approved by each site’s in-
stitutional review board and local ethics committees, 
and each patient provide written informed consent for 
participation in the study. Antithrombotic and revas-
cularization strategies were left to the discretion of the 
treating physicians and followed prevailing guideline 
recommendations.4 Unstable coronary lesions, includ-
ing a stenosis of at least 70%, were recommended to 
treat by the study protocol. Postresuscitation care, in-
cluding targeted temperature management, was in line 
with current resuscitation guidelines.3 Patients were fol-
lowed up by telephone interview conducted 90 days 
and 1 year after randomization.

Health Care Resource Use and   
Cost- Prices
Resource use data were collected for all patients in-
cluded. Data from the following important cost- intensive 
procedures during hospital stay were collected: CAG 
(immediate or delayed), coronary revascularization by 
PCI, coronary artery bypass grafting and implantable 
cardioverter- defibrillator implants. PCI was categorized 
as immediate (acute), elective, or staged.

Health care costs were evaluated from the per-
spective of the Dutch health care system. In the health 
care system of the Netherlands, there is a supplemen-
tary tariff for emergency (acute) PCIs, but this is irre-
spective of the time the procedure is performed. The 
cost- prices of ICU, cardiac care unit, and ward stay 
were determined per day according to the 2018 refer-
ence list of the Dutch National Healthcare Institute.13 
Hospital procedure costs are based on standard 2018 
list prices and the diagnosis- treatment combination to 
transparency, the current reimbursement system in the 
Netherlands. This diagnosis- treatment combination to 
transparency is comparable with the diagnosis- related 
group system in other countries. A short explanation of 
the Dutch health care system is mentioned in Data S1. 
See Table S1 for a detailed description of the average 
prices of ICU, cardiac care unit, and ward days and 
the list prices for health care activities and procedures.

Subgroup Analysis
Mean total costs were compared between the immediate 
and delayed angiography groups for the following sub-
groups: age ≥70 years and <70 years, male, female, known 
diabetes, prior myocardial infarction, prior coronary artery 

bypass grafting, patients who survived until 90 days to 
discharge, and patients who did not survive.

Statistical Analysis
Continuous data were summarized as means±SD or 
medians (interquartile ranges [IQRs]). Categorical data 
were summarized by frequencies and percentages. 
Categorical variables are reported as (relative) fre-
quencies and compared using the chi- squared test or 
Fisher’s exact test, whichever was most appropriate. 
For the cost analysis, mean differences and 95% CIs 
for differences were calculated (univariable analysis).

Cost is usually a parameter with a skewed distribu-
tion. To take this into account as well as possible hetero-
scedasticity, an additional cost analysis was performed 
using a generalized linear model and a gamma distri-
bution specifying the relationship between the variance 
and the mean. All data analyses were performed using 
SPSS Statistics version 25 (IBM, Armonk, New York).

Quality of Life
Generic quality of life for those patients included in this 
cost analysis was measured with the RAND- 36 and 
collected at 12- month follow- up.

RESULTS
After exclusion of patients without available written 
consent, 538 patients were eligible for inclusion in the 
COACT trial. In total, 17 patients were excluded from 
the present analysis (8 in the immediate and 9 in the 
delayed angiography group) because of missing data 
(no hospital admission or ICU data). Thus, data from 
521 patients were available for cost analysis: 265 pa-
tients in the immediate angiography group and 256 pa-
tients in the delayed group. Baseline characteristics are 
shown in Table 1. Both groups showed no difference 
with respect to demographic and clinical characteris-
tics. In most patients, the cardiac arrest was witnessed 
by bystanders and the median time to basic life sup-
port was within 5 minutes. Patients were predomi-
nantly men. The procedures are outlined in Table  2. 
Revascularization was mainly performed by PCI, but 
most patients were treated conservatively. No signifi-
cant difference was observed with respect to survival 
at 90 days and survival until hospital discharge. As in 
the main trial, patients were categorized according to 
the group they were originally assigned to (ie, intention 
to treat). An as- treated analysis yielded similar results 
(see Tables S2– S4).

Health Care Resource Use
Table 3 shows the health care resource use in each 
group. Similar length of stay in both groups was seen 
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in the duration of ICU hospitalization (both median 
5 days). Thirty- five (13%) patients randomly assigned 
to the delayed angiography group underwent imme-
diate angiography or PCI. More than one- third (35%) 
of the participants did not undergo angiography in 
the delayed group versus 3% in the immediate group. 
PCI (acute or staged) was performed in a significantly 
higher proportion of patients in the immediate angi-
ography group (33% versus 24%; P=0.02). On the 
other hand, coronary artery bypass grafting was 
more often performed in the delayed group (6.4% 
versus 8.6%; P=0.35). No statistically significant dif-
ference was observed in the rates of implantable 
cardioverter- defibrillator implantation and renal sup-
port therapy.

Costs
The cost drivers at discharge are depicted in Table 4 
and shown in the Figure. Overall total costs were similar 
between groups (immediate angiography group, EUR 
33  575±19  612 versus delayed angiography group, 
EUR 33 880±21 044; P=0.86). Applying the prespeci-
fied generalized linear model for overall costs showed 
similar results (β, 0.991; 95% CI, 0.894– 1.099; P=0.86). 
Subgroup analysis also showed no difference in costs 
for any of the subgroups (Table 5).

The costs for individual components differed. The 
mean costs of invasive coronary procedures (CAG, 
PCI, and coronary artery bypass grafting) were higher 
in the immediate group (EUR 4384±3447 versus EUR 
3028±4220; P<0.001). Costs of hospitalization were 

Table 1. Baseline Characteristics

Baseline characteristics
Immediate angiography group 
(N=265) Delayed angiography group (N=256)

Age, y, median (IQR) 68 (58– 75) 66 (57– 74)

Male sex, n (%) 216 (82) 194 (76)

Hypertension, n (%) 129 (49) 122 (48)

Previous myocardial infarction, n (%) 69 (26) 74 (29)

Previous CABG, n (%) 40 (15) 23 (9)

Previous PCI, n (%) 43 (16) 59 (23)

Previous coronary artery disease, n (%) 94 (36) 93 (36)

Previous CVA, n (%) 19 (7) 15 (6)

Diabetes, n (%) 54 (21) 41 (16)

Current smoker, n (%) 49 (20) 66 (27)

Hypercholesterolemia, n (%) 70 (27) 76 (30)

Peripheral artery disease, n (%) 16 (6) 23 (9)

Arrest witnessed, n (%) 212 (80) 195 (76)

Median time from arrest to BLS, min (IQR) 2 (1– 5) 2 (1– 5)

Median time from arrest to ROSC, min (IQR) 15 (8– 20) 15 (8– 20)

APACHE IV score 108±27 106±31

APACHE indicates acute physiology and chronic health evaluation; BLS, basic life support; CABG, coronary artery bypass graft; CAG, coronary angiography; 
CVA, cerebrovascular accident; IQR, interquartile range; PCI, percutaneous coronary intervention; and ROSC, return of spontaneous circulation.

Table 2. Procedures

Procedural characteristics
Immediate angiography 
group (N=265)

Delayed angiography group 
(N=256) P value

CAG performed, n (%) 258 (97) 166 (65) <0.001

Time from arrest to CAG, h, median (IQR) 2.3 (1.8– 3.0) 123.7 (52.0– 200.1) <0.001

Time from randomization to CAG, h, median (IQR) 0.8 (0.5– 1.2) 122.2 (48.2– 209.7) <0.001

Revascularization, n (%)

PCI 89 (34) 62 (24) 0.02

CABG 17 (6) 22 (9) 0.35

Conservative treatment 161 (61) 173 (68) 0.11

Survival, n (%)

Survival at 90 d 171 (65) 172 (67) 0.52

Survival until hospital discharge 173 (65) 176 (69) 0.40

CABG indicates coronary artery bypass graft; CAG, coronary angiography; IQR, interquartile range; and PCI, percutaneous coronary intervention.
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EUR 16  167±13  308 versus EUR 16  683±13  643 
(P=0.66) for ICU admission; and EUR 5000±5888 ver-
sus EUR 5942±8200 (P=0.13) for the ward days. Total 
length of stay was median 13 days in the immediate 
group versus median 15  days in the delayed group 
(P=0.16).

Quality of Life
Quality- of- life values were obtained in 230 of the 318 
included patients who survived until 1 year. No differ-
ence was found between the 2 treatment groups at 
1 year. The median for the RAND- 36 questionnaire 
physical component score was 49 (IQR, 42- 55) in the 
immediate angiography group and 51 (IQR, 46- 55) in 
the delayed group (P=0.57). The mental component 

of the RAND- 36 reveals a median of 51 (IQR, 43- 57) 
in the immediate angiography group and 50 (IQR, 43- 
56) in the delayed group (P=0.55). In Table  S5, the 
baseline characteristics are shown for the patients in 
which the RAND- 36 is available (N=230) and not avail-
able (N=88). This analysis did not show any difference. 
Also, the total costs showed no significant difference 
for those patients for whom the RAND- 36 is available 
(see Table S6).

DISCUSSION
Our key finding is that of the initial hospital stay, mean 
total costs are similar for strategies of either immedi-
ate or delayed CAG with or without subsequent PCI 

Table 3. Health Care Resource Use

Health care resource use
Immediate angiography group 
(N=265) Delayed angiography group (N=256) P value

Invasive coronary procedures, n (%)

None 7 (3) 89 (35) <0.001

Immediate CAG only 154 (58) 11 (4) <0.001

Immediate CAG with acute PCI 61 (23) 19 (7) <0.001

Immediate CAG with staged PCI 20 (8) 1 (0.4) <0.001

Immediate CAG with acute PCI and 
staged PCI

6 (2) 0 (0) <0.001

Immediate CAG with acute PCI and 
planned CABG

2 (0.8) 1 (0.4) 1.000

Immediate CAG with planned CABG 15 (6) 3 (1.2) 0.005

Delayed CAG only 0 (0) 73 (29) <0.001

Delayed CAG with direct PCI 0 (0) 29 (11.3) <0.001

Delayed CAG with staged PCI 0 (0) 12 (5) <0.001

Delayed CAG with planned CABG 0 (0) 18 (7) <0.001

Hospitalization days, median (IQR)

Intensive care unit 5 (3– 7) 5 (3– 7) 0.62

Ward 7 (0– 16) 9 (0– 17) 0.30

Total length of stay 13 (7– 22) 15 (8– 23) 0.16

Other procedures, n (%)

ICD implantation 104 (39) 103 (40) 0.82

Renal support therapy 7 (3) 11 (4) 0.30

CABG indicates coronary artery bypass graft; CAG, coronary angiography; ICD, implantable cardioverter- defibrillator; IQR, interquartile range; and PCI, 
percutaneous coronary intervention.

Table 4. Health Care Costs: Mean Total Costs (SD) in EURO

Health care costs

Immediate angiography 
group  
(N=265)

Delayed angiography 
group  
(N=256) P value

Mean difference in total 
cost (95% CI)

Total costs 33 575±19 612 33 880±21 044 0.86 −305 (−3804 to 3195)

Costs, invasive coronary procedures 4384±3447 3028±4220 <0.001 1356 (694 to 2018)

Costs, intensive care unit length of stay 16 167±13 308 16 683±13 643 0.66 −517 (−2836 to 1803)

Costs, ward days 5000±5888 5942±8200 0.13 −941 (−2167 to 284)

Costs, ICD implantations 8024±10 002 8226±10 046 0.82 −202 (−1928 to 1523)

ICD indicates implantable cardioverter- defibrillator.
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in patients with OHCA without ST- segment elevation. 
However, the immediate strategy resulted in higher in-
vasive procedure costs associated with higher rates of 
CAG, additional PCI, and staged PCI. A total of 35% 
of the patients in the delayed group did not receive 

CAG compared with 3% in the immediate angiog-
raphy group. On the one hand, this difference could 
be explained by early death rates before angiography 
could take place in the delayed group. On the other 
hand, CAG in this group was often withheld because 

Table 5. Subgroups: Mean Total Costs (SD) in EURO

Subgroups
Immediate angiography 
group

Delayed angiography 
group P value

Mean difference in total cost 
(95% CI)

Age<70 y  
(N=312)

34956±20162  
N=150

37816±20836  
N=162

0.22 −2860 (−7434 to 1714)

Age≥70 y  
(N=209)

31774±18804  
N=115

27096±19730  
N=94

0.08 4678 (−592 to 9949)

Female  
(n=111)

30 270±18 310  
N=49

31 444±19 219  
N=62

0.75 −1174 (−8306 to 5957)

Male  
(n=410)

34325±19859  
N=216

34658±21584  
N=194

0.87 −333 (−4357 to 3691)

Diabetes (N=95) 27 027±19 846  
N=54

30 120±21 243  
N=41

0.47 −3094 (−11509 to 5322)

Previous MI  
(n=143)

34 127±20 083  
N=69

34 330±23 285  
N=74

0.96 −203 (−7415 to 7009)

Previous CABG  
(n=63)

32 864±18 410  
N=40

26 704±14 325  
N=23

0.17 6160 (−2762 to 15081)

Patients who survived at  
90 days (N=343)

40 857±18914  
N=171

40 856±20119  
N=172

1.00 0 (−4147 to 4148)

Patients who did not survive  
(N=172)

20 329±12 768  
N=94

19 594±14 811  
N=84

0.72 734 (−3346 to 4814)

CABG indicates coronary artery bypass graft; and MI, myocardial infarction.

Figure. Cost drivers and total costs in EURO by group.
Box plots of procedure costs, intensive care unit costs, ward costs, and total costs between the immediate 
and delayed angiography group. IC indicates intensive care.
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of an alternative noncardiac diagnosis. Patients who 
did survive and did not undergo angiography were 
those with neurological sequelae, comorbidities, and 
the use of noninvasive imaging. Thirty- five (13%) pa-
tients randomly assigned to the delayed angiography 
group underwent immediate angiography or PCI. This 
crossover to an immediate invasive procedure was 
explained by development of hemodynamic unstable 
conditions or dynamic ECG changes (ST- segment el-
evation). More PCI procedures were observed in the 
immediate group, which can be explained by the urge 
of the intervention team to treat a possible culprit le-
sion. The higher costs in the immediate strategy group 
were balanced by the higher duration of total length of 
stay and a higher (nonsignificant) cost of implantable 
cardioverter- defibrillator implantations in the delayed 
angiography group. Moreover, invasive costs are only 
a small part (8%– 13%) of the total costs. This would 
explain the equivalence of mean total costs in both 
groups. Data regarding cardiac rehabilitation were 
not documented. However, the 1- year follow- up of the 
COACT trial did not show any difference with regard to 
rehospitalization, and no difference in cardiac function 
as assessed by echocardiography or cardiac magnetic 
resonance imaging was found between the immediate 
and the delayed invasive group.9 Therefore, the experi-
mental and control group seem to converge with re-
gard to disease burden, and consequently health care 
consumption, within a year.

Costs might be saved when evaluating only those 
patients with good neurological recovery. From the 
doctor’s perspective, work during out- of- office hours 
should be taken into consideration. During these cir-
cumstances, staffing is limited and each coronary 
intervention is labor intensive, which eventually leads 
to more costs. There is no harm in terms of mortal-
ity when patients are scheduled in a controlled envi-
ronment during daily office hours. Also, the duration 
of hospital admittance can be reduced hypothetically 
by better up- front diagnosis at the emergency depart-
ment. A standard total- body computed tomography 
scan before ICU admittance might help in the early 
identification of a noncardiac cause of the cardiac 
arrest.

In patients with non– ST- segment– elevation acute 
coronary syndrome, cost- effectiveness trials without 
a setting of prehospital cardiac arrest reveal conflict-
ing results. The TACTICS (Treat Angina With Aggrestat 
and Determine Cost of Therapy With an Invasive or 
Conservative Strategy — Thrombolysis in Myocardial 
Infarction [TIMI] 18) trial randomly assigned 2220 
patients with unstable angina pectoris or non– ST- 
segment– elevation myocardial infarction to an early 
invasive strategy or conservative management. Early 
CAG was preferred in terms of cost per year of life 
gained ($12  739; range, $8371– $25  769) compared 

with a conservative strategy.14 In a cost- effectiveness 
analysis in patients with non– ST- segment– elevation 
acute coronary syndrome included in the RITA- 3 
(Third Randomised Intervention Trial of Unstable 
Angina), mean incremental cost per quality- adjusted 
life year gained was most likely to benefit intermedi-
ate-  and high- risk patients.15 However, in the FRISC 
(Fast Revascularisation During Instability in Coronary 
Artery Disease II) trial an early interventional strategy 
was not cost- effective in the short- term.16 In a more 
recent economic analysis, a strategy of early invasive 
CAG versus medical management showed no bene-
fit in elderly patients (>75 years) diagnosed with non– 
ST- segment– elevation myocardial infarction in terms 
of cost- effectiveness and quality- adjusted life year 
gained.17

Exploratory subgroup analyses suggested that sex 
did not affect mean total costs. In a previous analysis, 
sex did not affect the clinical outcome as well.18

Several other and ongoing trials should be men-
tioned. Their results will add further knowledge 
regarding the timing of coronary angiography in pa-
tients with an OHCA. The TOMAHAWK (Immediate 
Unselected Coronary Angiography Versus Delayed 
Triage in Survivors of Out- of- Hospital Cardiac Arrest 
Without ST- Segment Elevation) trial results have re-
cently been published and show no benefit of im-
mediate versus delayed coronary angiography with 
regard 30- day risk of death. In contrast to the COACT 
trial, this study included both patients with shock-
able and nonshockable initial cardiac rhythms.19,20 
The ongoing DISCO (Direct or Subacute Coronary 
Angiography in Out- of- Hospital Cardiac Arrest) study 
is an international multicenter trial recruiting 1006 
patients with OHCA randomly assigned to CAG as 
soon as possible versus delayed/selective CAG.21 
The ARREST (Advanced Reperfusion Strategies for 
Patients With Out- of- Hospital Cardiac Arrest and 
Refractory Ventricular Fibrillation) trial investigates di-
rect transport to a cardiac arrest center and immedi-
ate CAG versus transport to the nearest emergency 
department.22 We are eagerly awaiting the results of 
these trials and a cost analysis. Also, health economic 
implications might add further evidence.

Study Limitations
The COACT trial was not powered on the outcome 
“cost,” and the present analysis is a post hoc analysis. 
Our cost analysis includes patient- level resource con-
sumption only from the initial hospital stay. Neurological 
status at discharge (cerebral performance score, 
Glasgow Coma Scale score) did not differ between 
the treatment arms; therefore, we presume a similar 
rehabilitation process and subsequent similar work 
disability.
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No quality- of- life scores were obtained at 90 days. 
However, RAND- 36 quality- of- life scores were avail-
able at 12 months. As a result, we opted for a cost- 
consequence analysis instead of a cost- effectiveness 
analysis. In the latter case, it is essential that costs 
and effects are evaluated over the same time frame. 
Moreover, we chose to show only results based on 
empirical data from our research and therefore not 
to make assumptions about costs or effect behavior, 
which are not supported by empirical data (eg, ex-
trapolation of cost to reach a 12- month time frame, or 
shrink quality- adjusted life year scores to a 90- day time 
frame).

CONCLUSIONS
During the initial hospital admittance, no significant dif-
ference in total health care costs is observed between 
the immediate and delayed coronary angiography 
strategy group in patients successfully resuscitated 
after OHCA with an initial shockable rhythm, but with-
out ST- segment elevation. With respect to the higher 
invasive procedure costs in the immediate group, a 
strategy awaiting neurological recovery followed by 
coronary angiography and planned revascularization 
may be considered.
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SUPPLEMENTAL MATERIAL 



Data S1. 

 

Short explanation of the Dutch healthcare system  

 

The healthcare system in Netherlands is based on social mandatory insurance for all residents 

and the Health Insurance Act (Zorgverzekeringswet ; ZVW) applies for hospital care. 

Hospitals negotiate with the insurance companies to determine prices for procedures and other 

health services covered by the ZVW act and information on reimbursement tariffs is not 

publicly available. These health services with negotiable tariffs are referred to as ‘B-segment’ 

or ‘free-segment’ health care products. However, for certain expensive treatments (e.g. 

percutaneous coronary interventions, coronary artery bypass graft, ICD implantations) 

maximum standard tariffs apply. The Dutch Healthcare Authority (NZA) determines these 

tariffs by periodic cost surveys. For the analysis in this manuscript, these standard NZa tariffs 

are applied for invasive procedures and are outlined in supplementary table 1 - the 2018 

reference list of the Dutch National Healthcare Institute 



Table S1. The 2018 reference list of the Dutch National Healthcare Institute.  

Health care resource use costs (EURO)  

ICU per day 2649 

Ward/CCU per day (weighted average) 495 

  

Invasive Procedures costs (EURO) 

Immediate CAG only 2800 

Immediate CAG with acute PCI 4624 

Immediate CAG with staged PCI 6074 

Immediate CAG with acute PCI and staged PCI 7898 

Immediate CAG with acute PCI and planned CABG 18061 

Immediate CAG with planned CABG 16237 

Delayed CAG only 2016 

Delayed CAG with direct PCI 3274 

Delayed CAG with staged PCI 5290 

Delayed CAG with planned CABG 15453 

ICD implantation 20446 

ICU=intensive care unit, CCU=cardiac care unit, CAG=coronary angiography, 

PCI=percutaneous coronary intervention, CABG=coronary artery bypass grafting, 

ICD=implantable cardioverter-defibrillator 

  



Table S2. Baseline characteristics (as treated). 

IQR= interquartile range, CABG=coronary artery bypass graft, PCI=percutaneous coronary 

intervention, CVA= cerebrovascular accident, BLS=basic life support, CAG=coronary 

angiography, APACHE = Acute Physiology And Chronic Health Evaluation, ROSC = return 

of spontaneous circulation 

  

 

Baseline characteristics 

Immediate 

angiography 

(N=292) 

Delayed  

angiography  

(N=229) 

P-value 

Age (years), median (IQR) 67 (57-75) 67 (57-75) 0.963 

Male sex, N (%) 238 (82) 172 (75) 0.077 

Hypertension, N (%) 139 (48) 112 (49) 0.854 

Previous myocardial infarction, N (%) 74 (25) 69 (30) 0.224 

Previous CABG, N (%) 38 (13) 25 (11) 0.458 

Previous PCI, N (%) 48 (17) 54 (24) 0.043 

Previous coronary artery disease, N (%) 100 (34) 87 (38) 0.376 

Previous CVA, N (%) 21 (7) 13 (6) 0.481 

Diabetes Mellitus, N (%) 57 (20) 38 (17) 0.380 

Current Smoker, N (%) 61 (23) 54 (25) 0.550 

Hypercholesterolemia 76 (26) 70 (31) 0.259 

Peripheral artery disease, N (%) 20 (7) 19 (8) 0.540 

Arrest witnessed, N (%) 235 (81) 172 (75) 0.141 

Median time from arrest to BLS (min), IQR 2 (1-5) 2 (1-5) 0.881 

Median time from arrest to ROSC (min), IQR 14 (8-20) 15 (8-20) 0.805 

APACHE IV score 110 (90-128) 106 (83-130) 0.304 



Table S3. Procedures (as treated). 

 

Procedural characteristics 

Immediate 

angiography 

 (N=292) 

Delayed 

angiography  

(N=229) 

P-value 

CAG performed, N (%) 291 (100) 133 (58) <0.001 

Revascularization, N (%) 

PCI 

CABG 

Conservative treatment 

 

110 (38) 

21 (7) 

164 (56) 

 

41 (18) 

18 (8) 

170 (74) 

 

<0.001 

0.774 

<0.001 

 

Survival, N (%) 

Survival at 90 days 192 (66) 151 (66) 0.965 

Survival until hospital 

discharge 

192 (66) 157 (69) 0.499 

CAG=coronary angiography, IQR=interquartile range, PCI=percutaneous coronary 

intervention, CABG=coronary artery bypass graft 

 

 

 

 

  



Table S4. Health care costs (as treated). Mean total costs (SD) in EURO. 

 

Health care costs 

Immediate 

angiography 

 (N=292) 

Delayed 

angiography 

(N=229) 

P-value Mean difference 

in total cost 

(95% CI) 

Total costs 34237 ± 19940 33071 ± 20796 0.516 1167 (-2357 to 

4690) 

Costs invasive 

coronary procedures 

4610 ± 3538 2580 ± 4053 <0.001 2030 (1375 to 

2684) 

Costs intensive care 

unit length of stay 

16858 ± 13856 15862 ± 12952 0.402 996 (-1339 to 

3332) 

Costs ward days 5067 ± 6389 5968 ± 7955 0.152 -901 (-2136 to 

333) 

Costs ICD 

implantations 

7702 ± 9924 8660 ± 10125 0.279 -958 (-2695 to 

778) 

ICD=implantable cardioverter-defibrillator 

  



Table S5. Baseline characteristics RAND36. 

IQR= interquartile range, CABG=coronary artery bypass graft, PCI=percutaneous coronary 

intervention, CVA= cerebrovascular accident, BLS=basic life support, CAG=coronary 

angiography, APACHE = Acute Physiology And Chronic Health Evaluation, ROSC = return 

of spontaneous circulation 

 

 

Baseline characteristics 

RAND36 not 

available  

(n=88) 

RAND36 

available 

(n=230) 

P-value 

Age (years), median (IQR) 62 (51-70) 64 (55-72) 0.168 

Male sex, N (%) 73 (83) 181 (79) 0.397 

Hypertension, N (%) 42 (48) 100 (44) 0.515 

Previous myocardial infarction, N (%) 24 (27) 53 (23) 0.431 

Previous CABG, N (%) 14 (16) 19 (8) 0.045 

Previous PCI, N (%) 19 (22) 38 (17) 0.292 

Previous coronary artery disease, N (%) 32 (36) 73 (32) 0.433 

Previous CVA, N (%) 3 (3) 11 (5) 0.765 

Diabetes Mellitus, N (%) 14 (16) 22 (10) 0.110 

Current Smoker, N (%) 25 (30) 49 (22) 0.162 

Hypercholesterolemia 25 (28) 59 (26) 0.648 

Peripheral artery disease, N (%) 4 (5) 18 (8) 0.302 

Arrest witnessed, N (%) 76 (86) 181 (79) 0.120 

Median time from arrest to BLS (min), IQR 2 (1-4) 2 (1-5) 0.983 

Median time from arrest to ROSC (min), 

IQR 

10 (8-15) 12 (7-20) 0.287 

APACHE IV score 89 (68-106) 105 (84-121) <0.001 



Table S6. Total costs in patients with available RAND36. 

 

 

RAND 36 

Immediate 

angiography 

group 

Delayed 

angiography 

group  

P-

value 

Mean difference in 

total cost (95% CI) 

RAND 36 

available 

40416 ± 17938 40239 ± 19567 0.933 177 (-3966 to 4320) 

 

 

 

 


