Prehospital Emergency Care

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ipec20

Time to Return of Spontaneous Circulation and
Survival: When to Transport in out-of-Hospital
Cardiac Arrest?
Corina de Graaf, Dominique N. V. Donders, Stefanie G. Beesems, José P. S.
Henriques & Rudolph W. Koster
To cite this article: Corina de Graaf, Dominique N. V. Donders, Stefanie G. Beesems, José P. S.
Henriques & Rudolph W. Koster (2021) Time to Return of Spontaneous Circulation and Survival:
When to Transport in out-of-Hospital Cardiac Arrest?, Prehospital Emergency Care, 25:2, 171-181,
DOI: 10.1080/10903127.2020.1752868
To link to this article: https://doi.org/10.1080/10903127.2020.1752868

© 2020 The Author(s). Published with
license by Taylor & Francis Group, LLC.

View supplementary material

Published online: 07 May 2020.

Submit your article to this journal

Article views: 2719

View related articles

View Crossmark data

Citing articles: 5 View citing articles

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=ipec20

ORIGINAL CONTRIBUTIONS
TIME

TO

RETURN OF SPONTANEOUS CIRCULATION AND SURVIVAL: WHEN
TRANSPORT IN OUT-OF-HOSPITAL CARDIAC ARREST?

TO

Corina de Graaf, MD, MSc , Dominique N. V. Donders, BSc, Stefanie G. Beesems, PhD,
Jose P. S. Henriques, MD, PhD and Rudolph W. Koster, MD, PhD
and other obvious non-cardiac causes) and ROSC before hospital arrival from the Amsterdam Resuscitation Study
(ARREST) database. ROSC included those patients whose
ROSC was persistent or transient before or during transport,
lasting 1 min. Of these data, we analyzed the association
between the time of emergency medical services (EMS) arrival
until ROSC (time-to-ROSC) and 30-day survival. Results: Of
3632 OHCA patients with attempted resuscitation, 810
patients with prehospital ROSC were included. Of these, 332
(41%) survived 30 days. Survivors had a significant shorter
time-to-ROSC compared to non-survivors of median 5 min
(IQR 2,10) vs. median 12 min (IQR 9,17) (p < 0.001). Of the
survivors, 90% achieved ROSC within 15 min compared to
22 min of non-survivors. In a multivariable model adjusted
for known system determinants time-to-ROSC per minute
was significantly associated with 30-day survival (OR 0.89;
95%CI 0.86–0.91). A ROC curve showed 8 min as the time-toROSC with the best test performance (sensitivity of 0.72 and
specificity of 0.77). Conclusion: In OHCA patients with prehospital ROSC survival significantly decreases with increasing time-to-ROSC. Of all patients, 90% of survivors had
achieved ROSC within the first 15 min of EMS resuscitation.
The optimal time for the decision to transport is between 8
and 15 min after EMS arrival. Key words: out-of-hospital
cardiac arrrest; transport; timing; survival; return of
spontaneous circulation

ABSTRACT
Background: In out-of-hospital cardiac arrest (OHCA),
10–50% of patients have return of spontaneous circulation
(ROSC) before hospital arrival. It is important to investigate
the relation between time-to-ROSC and survival to determine
the optimal timing of transport to the hospital in patients
without ROSC. Methods: We analyzed data of OHCA
patients with a presumed cardiac cause (excluding traumatic
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During out-of-hospital-cardiac-arrest (OHCA), in
the Netherlands, emergency medical services (EMS)
deliver advanced life support (ALS) on scene. The
resuscitation on scene ends when a patient is either
transported to the hospital emergency department
(ED) with or without return of spontaneous circulation (ROSC) or when the resuscitation is terminated
on scene (1). In general, in only 10% to 50% of
patients, ALS results in ROSC on scene (2–5).
Previous studies have investigated the relationship
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between duration of cardiopulmonary resuscitation
(CPR) until ROSC and outcome. Longer CPR duration was associated with worse (neurologic) outcome after OHCA (4–10).
Both the European Resuscitation Council (ERC)
guidelines and the American Heart Association
(AHA) guidelines generally accept withdrawing of
further resuscitation in case of asystole for more
than 20 min during ALS on scene (1, 11, 12).
However, the Guidelines do not describe the optimal time on scene until a decision to transport without ROSC should be made. At the start of
resuscitation, it is not known if a patient will
achieve ROSC and when, but there is evidence that
there is an association between time of on-scene
resuscitation and 30-day survival of patients transported without ROSC (13). Waiting until the decisional moment at 20 min of ALS could, therefore,
impair the chance of survival of those who should
be transported without ROSC.
Transportation without ROSC may impair the quality of CPR but is potentially beneficial if treatment
options can be applied that are generally unavailable
in the pre-hospital setting. Extracorporeal cardiopulmonary resuscitation (ECPR) is such a treatment,
although the precise indications and its limitations are
not yet well defined in the context of OHCA (14–16).
For this reason, the optimal duration of resuscitation
on scene and when transport should be initiated in
patients without ROSC is important but rarely studied
(17). Therefore, this study aims to determine the rate
and time of prehospital ROSC and 30-day survival
and investigate the optimal timing of the decision to
initiate transport without ROSC.
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the use of data of deceased patients. From all surviving
patients, we obtained deferred consent.

EMS System in the Study Region
In case of a medical emergency, the national
emergency number will be dialed and if the dispatcher suspects an OHCA, two EMS teams are dispatched. Each team consists of a driver, who is
qualified to perform BLS, and a paramedic, who is
qualified to perform ALS. Simultaneously with
EMS, first responders are dispatched, equipped with
an AED. These first responders are firefighters and
police officers trained in BLS and AED use.
Dispatchers also alert citizen-responders who use
AEDs placed in public areas in the study region.
Anyone in the study region is allowed to use these
AEDs. The EMS follow a national protocol for cardiac arrest based on the European guidelines (1).
According to the national protocol, if a patient does
not achieve ROSC despite ALS, EMS can consider
termination of resuscitation in case of any nonshockable rhythm for 20 min. Considering transport
is recommended in patients with a shockable
rhythm or treatable cause, but the optimal time on
scene before transport without ROSC should be initiated is not specified. The EMS paramedics are
qualified and legally allowed to make termination
of resuscitation decisions in the prehospital setting
without consulting a physician. There were no hospitals in the region that used ECPR as a treatment
strategy in OHCA patients during the current
study period.

Data Collection

METHODS
Study Setting and Design
This study used data from the Amsterdam
Resuscitation Study (ARREST). ARREST is an ongoing
prospective registry of all-cause OHCA in NorthHolland, a province of the Netherlands. The study
region covers an area of 2404 km2 and had a population
of 2.8 million in 2015. The present study covered the
study period between January 1, 2014, to December 31,
2016. All patients with a presumed cardiac cause of the
OHCA (excluding traumatic and other obvious noncardiac causes) and documented prehospital ROSC
were included. Exclusion criteria were patients who
live outside the Netherlands, ROSC after Automated
External Defibrillator (AED) defibrillation before EMS
arrival and EMS witnessed arrests. The medical ethics
review board of the Amsterdam UMC, Academic
Medical Center (AMC), approved the study including

In the ARREST study, data are registered using
the Utstein templates for resuscitation registries, this
is described elsewhere (18, 19). After a resuscitation,
EMS routinely sends the continuous electrocardiogram (ECG) from their manual defibrillator and an
EMS run report to the ARREST study center. If an
AED was connected, ARREST study personnel visited the AED site shortly after the OHCA to collect
the AED ECG recording. We analyzed the ECGs
from the EMS manual defibrillator and AEDs with
dedicated software. For each recording, we corrected clock drift of EMS defibrillators and AEDs to
standardized times. From these ECG recordings, we
determined the first monitored rhythm, time of the
first defibrillation and time of the moment of ROSC.

Time Intervals and Definitions
We collected time-stamped data on the emergency
call at the dispatch center, EMS arrival on scene,
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FIGURE 1. Flow chart of patient inclusion 2014–2016.

first defibrillation and moment of ROSC. We
defined the time of EMS arrival on scene as the
moment the EMS manual defibrillator was connected to the patient. The moment of ROSC we
defined as the time of first recognizable cardiac
rhythm compatible with cardiac output, in absence
of chest-compressions on the ECG lasting at least
1 min, analyzed using CODE-STAT software
(Stryker Emergency Care, Redmond, WA. USA). In
addition to cardiac rhythm, we used a sustained
increase in EtCO2 and/or undulations in the electrodes impedance signal synchronous with QRS
complexes, in the absence of chest compressions, to
define the time of ROSC (supplemental eFigure 1).
ROSC could be intermittent or transient before or
during transport. We defined ‘time to ROSC’ as the
interval between EMS arrival and ROSC. Two independent assessors (CG & DD) determined the
moment of ROSC in 100 cases. To assess the

consistency of measurement made by multiple
observers measuring the same quantity of the continuous variable ‘time to ROSC’, we used the intraclass correlation coefficient (ICC) (20, 21). For a
subgroup analysis of potential ECPR patients we
selected patients with: age between 18 and 75 years,
a shockable initial rhythm and a witnessed arrest
as criteria.

Outcome
The primary outcome of this study was overall
30-day survival, based on information from the
National Civil Registry. As secondary outcome, we
used the Cerebral Performance Category (CPC 1–5)
at hospital discharge to assess the neurological and
functional outcome (CPC 1 ¼ good cerebral performance, CPC 2 ¼ moderate cerebral disability, CPC
3 ¼ severe cerebral disability, CPC 4 ¼ persistent
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Characteristics, outcome of all patients with prehospital ROSC and potential ECPR patients.
All patients with ROSC
N ¼ 810

Pre-OHCA factors
Age, years, mean (SD)
Sex, n (%)
Male
Female
Resuscitation parameters
First monitored rhythm, n (%)
Shockable (VF/VT)
Not shockable
Location of arrest, n (%)
Residential
Public
Witnessed arrest, n (%)
Not witnessed
Bystander witnessed
CPR before EMS arrival, n (%)
No Bystander CPR
Bystander CPR
AED connected, n (%)
AED shock delivered, n (%)
Time intervals
Call to EMS arrival, minutes, median (IQR 25,75)
Call to first defibrillation, minutes, median (IQR 25,75)
EMS arrival to ROSC, median (IQR 25,75)
Outcome
ROSC before transport
Admitted to hospital from ED, n (%)
30-day survival, n (%)
Good neurologic outcome, CPC 1-2, n (%)‡

Potential ECPR patients
N ¼ 342

67 (14)

60 (10)

590 (73%)
220 (27%)

286 (84%)
56 (16%)

519 (66%)
268 (34%)

342 (100%)
–

540 (67%)
268 (33%)

190 (56%)
151 (44%)

160 (20%)
642 (80)

–
342 (100%)

131
675
475
325

(16%)
(84%)
(59%)
(40%)

11 (9,13)
8 (6,10)
9 (5,15)
789
623
332
272

(97%)
(81%)
(41%)
(35%)

45
297
201
196

(13%)
(87%)
(59%)
(57%)

10 (8,13)
8 (6,10)
7 (3,13)
332
322
237
204

(97%)
(95%)
(70%)
(63%)

ROSC- return of spontaneous circulation; CPR - cardiopulmonary resuscitation; VF/VT - ventricular fibrillation/tachycardia; EMS - emergency medical
services; ED – emergency department; SD - standard deviation; IQR - inter-quartile range.
If shockable rhythm, both AED and mDFB defibrillation.
‡CPC score at hospital discharge.
Percentages shown are column percentages.

vegetative state, and CPC 5 ¼ brain death or clinical
death) (22). We defined a good neurologic outcome
as CPC 1 or CPC 2.

Statistical Analysis
We present categorical variables as percentages
and continuous variables as mean and standard
deviation (SD) or as median and interquartile range
(IQR) depending on the data distributions. To compare categorical data we used chi-square statistics.
For continuous data, we used unpaired t-test,
Jonckheere-Terpstra test or Mann-Whitney U test
when appropriate. We used the log-rank test to
compare Kaplan Meier graphs of the cumulative
proportion of ROSC over time. To display the ability of achieving ROSC (as a positive test) to predict
survival as a function of increasing time of resuscitation (per 1 min time junctures) before ROSC, we
constructed a receiver operating characteristic
(ROC) curve with the corresponding area under the
curve (AUC). To calculate the sensitivity (Sn) we

used as the true positive rate the cumulative proportion of those achieving ROSC at increasing time
of resuscitation and who did survive at least
30 days. To calculate the specificity (Sp) we used as
the true negative rate the remaining proportion of
those who did not have achieved ROSC yet at
increasing time of resuscitation and who did not
survive at least 30 days. We used Youden’s J statistic
(J ¼ Sn þ Sp – 1) to determine the time juncture in
the resuscitation that yielded the best test performance (23). To investigate the independent association
between time to ROSC and 30-day survival we used
a multivariable logistic regression model. In the
model, all variables significantly associated in univariate analysis were included. In the model, the
number of events per variable was 10 (24). We performed a subgroup analysis of potential ECPR
patients and their association between time to ROSC
and 30-day survival. We reported the odds ratio
with 95% confidence intervals (CI) and associated p
values. A p-value of less than 0.05 was considered
statistically significant. All statistical analyses were

143 (68%)
67 (32%)
149 (69%)
67 (31%)
50 (23%)
164 (77%)
27
189
134
86

181 (86%)
29 (14%)
114 (53%)
102 (47%)
16 (7%)
200 (93%)
18 (8%)
198 (92%)
151 (70%)
130 (60%)

215
175
94
77

(99%)
(85%)
(44%)
(37%)

11 (9,13)
8 (7,11)
8 (6,9)

(18%)
(82%)
(55%)
(32%)

172 (100%)
131 (78%)
46 (27%)
33 (20%)

11 (9,13)
8 (7,11)
12 (11,14)

31
141
94
55

37 (22%)
134 (78%)

119 (70%)
51 (30%)

91 (56%)
73 (44%)

119 (69%)
53 (31%)

(27%)
(73%)
(47%)
(26%)

186
122
30
21

(90%)
(65%)
(15%)
(10%)

11 (9,14)
9 (7,11)
19 (17,24)

55
147
96
54

58 (29%)
144 (71%)

158 (77%)
48 (23%)

104 (51%)
99 (49%)

150 (73%)
56 (27%)

69 (13)

Time to ROSC 15 min
N ¼ 206

–
2 (<1%)
–
–
37 (5%)
–
23 (3%)

<0.001
<0.001
<0.001
<0.001

–
–

4 (<1%)

8 (1%)

2 (<1%)

23 (3%)

–
–

Missing
N (%)

0.16
0.22
<0.001

<0.001
<0.001

<0.001

<0.001

<0.001

<0.001

<0.002
0.24

P for trend

ROSC - return of spontaneous circulation; CPR - cardiopulmonary resuscitation; VF/VT - ventricular fibrillation/tachycardia; EMS - emergency medical services; ED – emergency department; SD - standard deviation; IQR - interquartile range.
If shockable rhythm, both AED and mDFB defibrillation.
†CPC score at hospital discharge.
Percentages shown are column percentages.

216 (100%)
195 (92%)
162 (75%)
141 (68%)

11 (8,13)
7 (6,9)
2 (1,4)

156 (72%)
60 (28%)

166 (77%)
50 (23%)

68 (15)

Time to ROSC 10–15 min
N ¼ 172

AND

(13%)
(87%)
(62%)
(40%)

68 (15)

Time to ROSC 5–10 min
N ¼ 216

ROSC

65 (14)

Time to ROSC <5 min
N ¼ 216

Time to ROSC intervals and outcome of patients with prehospital ROSC.

TO

Pre-OHCA factors
Age, years, mean (SD)
Sex, n (%)
Male
Female
Resuscitation parameters
First monitored rhythm, n (%)
Shockable (VF/VT)
Not shockable
Location of arrest, n (%)
Residential
Public
Witnessed arrest, n (%)
Not witnessed
Bystander witnessed
CPR before EMS arrival, n (%)
No Bystander CPR
Bystander CPR
AED connected, n (%)
AED shock delivered, n (%)
Time intervals
Call to EMS arrival, minutes, median (IQR 25,75)
Call to first defibrillation, minutes, median (IQR 25,75)
EMS arrival to ROSC, median (IQR 25,75)
Outcome
ROSC before transport
Admitted to hospital from ED, n (%)
30-day survival, n (%)
Good neurologic outcome, CPC 1-2, n (%)†

TABLE 2.
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FIGURE 2. Time to ROSC and defibrillation. Cumulative proportion of ROSC (%) over time (min) in patients with a first shock by AED
(n ¼ 325), first shock by EMS (n ¼ 287) and no shock (n ¼ 198) compared with the log-rank test.

performed using IBM SPSS statistics 24 (IBM
Corporation, Armonk, NY).

RESULTS
Of 8023 patients with suspected OHCA in the
study period, 3632 had attempted resuscitation by
EMS. Of these, 1008 patients did achieve prehospital
ROSC of which 810 patients were included for analysis (Figure 1). In 21 (3%) patients ROSC was
achieved after transport was already initiated. The
clinical baseline characteristics of the 121 patients
with missing ECG data were not significantly
different from those that were included for analysis
(supplemental eTable 1). Of the 810 patients with
ROSC, 342 (42%) were considered potential ECPR
patients, based on our selection criteria.

Patients, Process and Time to ROSC
Characteristics
Table 1 shows the characteristics of patients who
achieved ROSC and the subgroup of potential ECPR
patients. The moment of ROSC was determined
with an intraclass correlation coefficient of 0.987
(95% CI 0.981–0.991), indicating an excellent level of
reliability. The median time to ROSC in all patients
was 9 (IQR 5, 15) min and 7 (IQR 3, 13) in potential
ECPR patients. Table 2 shows the differences
between patients when time to ROSC was divided
into time interval categories. Patients who achieved
ROSC earlier were significantly younger, had a
higher proportion of a shockable first monitored
rhythm, had their arrest more often in a public location, had more often a bystander witnessed arrest
and had more often bystander CPR (all p-values

<0.001). Patients with a short time to ROSC interval
had a higher proportion of AED connection and
AED defibrillation. Figure 2 shows the cumulative
proportion of ROSC for patients with no defibrillation, first shock by an AED and first shock by EMS.
Patients who received the first shock by an AED
had significantly earlier ROSC compared to patients
with the first shock by EMS and patients with no
defibrillation (log-rank p-value < 0.001).

Outcome
Of the 810 patients with ROSC before hospital
arrival, 187 (19%) died in the emergency room, 623
(81%) were admitted to the hospital and 332 (41%)
survived at least 30 days. Of patients who survived at
least 30 days, 272 of 332 patients (88%) had a good
neurologic outcome. Survivors who achieved ROSC
earlier had a higher proportion of good neurologic
outcome (p < 0.001). Differences in the survival of
patients with prehospital ROSC are shown in supplemental eTable 2. In the subgroup of potential ECPR
patients, 237 (70%) patients survived at least 30 days
with 204 (86%) of these having a good neurologic outcome.

Time to ROSC and 30-Day Survival
Figure 3A shows the cumulative proportion of
ROSC over time in survivors and patients who
died. Time to ROSC was significantly shorter in survivors compared to non-survivors with a median of
5 min (IQR 2, 10) compared to 12 min (IQR 9, 17),
respectively (p < 0.001). The cumulative proportion
of ROSC over time of survivors was significantly
earlier than patients who died (log-rank p-value
p < 0.001). The probability of outcome and time to
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FIGURE 3. Time to ROSC and 30-day survival. A: Cumulative proportion of ROSC (%) over time (min) in patients with 30-day survival
(n ¼ 332) and patients who died (n ¼ 478) compared with the log-rank test. B: Probability of outcome (30-day survival or death) over time
(min). (For example: of the patients who had ROSC within 10 minutes (cumulative proportion of 433 patients), 256 patients survived and
177 died, making the probability to survive 0.59 (256/433) and the probability to die 0.41 (177/433)).

FIGURE 4. ROC curve time to ROSC. ROC curve with achieving
ROSC (as a positive test) to predict survival as a function of
increasing time of resuscitation (per 1 minute time junctures)
before ROSC. (For example: at the time juncture of 8 minutes 220
of the total of 332 survivors achieved ROSC, making the
sensitivity 0.66 (220/332) and 370 of the total of 478 patients who
died, did not yet have achieved ROSC, making the specificity
0.77 (370/478)).

ROSC is shown in Figure 3B. In patients who
achieve ROSC within 15 min the probability to survive at least 30 days is greater than the probability
to die, after 15 min to ROSC the probability is
reversed. The sensitivity and specificity of time to
ROSC and 30-day survival are displayed in a ROC
curve with an AUC of 0.77 (Figure 4). This ROC
curve shows 8 min as the best test performance time
point with the highest sensitivity (0.66) and

specificity (0.77). In the subgroup of potential ECPR
patients also the time to ROSC was significantly
shorter in survivors compared to non-survivors
with a median of 5 min (IQR 2, 9) compared to
13 min (IQR 9, 18), respectively (p < 0.001). Also, the
cumulative proportion of ROSC over time of survivors was significantly earlier than patients who died
in the ECPR potential subgroup (Figure 5A). The
ROC curve of potential ECPR patients (Figure 5B)
shows 9 min as the best test performance time point
(sensitivity 0.73 and specificity 0.79) in this subgroup. In a multivariable model that included all
significant factors for survival, time to ROSC was
independently associated with 30-day survival in
both all patients (OR 0.89; 95% CI 0.86–0.91) and the
subgroup of potential ECPR patients (OR 0.88; 95%
CI 0.85–0.91); for every minute the duration of the
resuscitation increased before ROSC, the odds of 30day survival decreased (Tables 3 and 4). To exclude
an effect of transport on time to ROSC and survival,
the model was also calculated excluding the 21
patients in which ROSC was achieved after transport was already initiated. In this model time to
ROSC was also independently associated with 30day survival (OR 0.87; 95% CI 0.84–0.90).

DISCUSSION
Our study showed that in OHCA patients with
prehospital ROSC the survival rate significantly
declined when the duration of resuscitation to
ROSC increased. Time to ROSC was independently
associated with 30-day survival. When considering
both the benefit of achieving ROSC on scene and
the benefit of early transport if ROSC cannot be

178

FIGURE 5. Time to ROSC and 30-day survival in the subgroup of
potential ECPR patients. A: Cumulative proportion of ROSC (%)
over time (min) in potential ECPR patients with 30-day survival
(n ¼ 237) and patients who died (n ¼ 105) compared with the logrank test. B: ROC curve of potential ECPR patients with
achieving ROSC (as a positive test) to predict survival as a
function of increasing time of resuscitation (per 1 minute time
junctures) before ROSC.

achieved, our time to ROSC analyses indicated that
the best time for the decision to transport appears
to be between 8 and 15 min after EMS arrival, if
ROSC is not yet achieved and 9 min for potential
ECPR patients. Nevertheless, it is uncertain if transporting these patients within the suggested time
window will increase survival rates.
Of all patients who survived up to 30 days, 90%
had achieved ROSC within the first 15 min. This is
earlier than previous studies which found that in
patients with 30-day survival (and good neurologic
outcome) 90% achieved ROSC within 16 to 24 min

PREHOSPITAL EMERGENCY CARE
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(4–7, 10, 17, 25). The difference in outcome between
our study and previous studies can be explained by
choice of the study population, (for example, selecting only patients with a witnessed arrest (4, 8)) and
differences in prehospital resuscitation characteristics (for example AED use before EMS arrival).
In our study, 59% of patients who achieved prehospital ROSC had an AED connected and 40% of
all patients had an AED shock delivered before the
arrival of the EMS. This is a high number compared
to other studies with typical AED defibrillation rates
of 3–15% (4, 8–10). Recently Zijlstra et al. found that
OHCA patients surviving 30 days or more, are
increasingly defibrillated by AEDs before EMS
arrival (26). Patients who received the first shock by
an AED had significantly shorter time to first defibrillation and earlier ROSC compared to patients
with a first shock by EMS. However, there was no
significant difference in survival between patients
who received the first shock from an AED or EMS.
Our study showed that characteristics that are
known to be associated with 30-day survival (age,
public location, bystander witnessed, response time
and first shockable rhythm) also were associated
with shorter time to ROSC. Nevertheless, the multivariable model showed that time to ROSC was independently and inversely associated with 30-day
survival and the incremented value of waiting for
ROSC on scene diminishes. At the same time delay
to transport without ROSC is associated with lower
30-day survival (8, 13, 17). ERC and AHA guidelines do not describe a specific moment for a decision to transport if ROSC is not (yet) achieved on
scene. According to the ERC, the decision to transport with ongoing CPR should be weighed after
10 min of passed on-scene resuscitation, but this
time point is not supported with data (12). ERC and
AHA guidelines generally accept withdrawing further resuscitation, in case of asystole for more than
20 min during ALS on scene. Only the duration of
resuscitation on scene as a criterion for termination
of resuscitation is not enough (11, 12). Our study
showed that already after 15 min the odds of achieving ROSC and survive as well, are less than 10%.
The decision to transport for all patients that may
meet certain criteria must clearly be made well
before termination is even considered. Previously
published data from the ARREST registry shows
that in the Netherlands this is generally not the case
(13). In patients without ROSC who were transported with ongoing CPR the median time on scene
was 25 (IQR 19, 32) min before the start of transport. In patients without ROSC who were not transported, the median time on scene before termination
of resuscitation was 23 (IQR 17, 28) min.
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Multivariable logistic regression of variables associated with 30-day survival of
Unadjusted
OR (95% CI)

Time to ROSC, per min
Age, per year
Male gender
Public location
Bystander witnessed
Bystander CPR
Response time
Initial shockable rhythm

0.87
0.95
2.57
3.10
4.19
1.66
0.91
44.05

(0.85–0.89)
(0.94–0.96)
(1.82–3.63)
(2.29–4.19)
(2.71–6.48)
(1.12–2.48)
(0.87–0.95)
(22.15–87.60)

Adjusted
P-value

<0.001
<0.001
<0.001
<0.001
<0.001
0.013
0.001
<0.001

OR (95% CI)a

0.89
0.95
1.19
1.62
1.98
0.65
0.93
29.33

(0.86–0.91)
(0.94–0.97)
(0.71–1.99)
(1.07–2.45)
(1.11–3.52)
(0.36–1.17)
(0.88–0.98)
(13.84–62.16)

P-value

<0.001
<0.001
0.51
0.02
0.02
0.15
0.004
<0.001

TABLE 4. Multivariable logistic regression of variables associated with 30-day survival of
potential ECPR patients.
Unadjusted
OR (95% CI)

Time to ROSC, per min
Age, per year
Male gender
Public location
Bystander CPR
Response time, per min

0.88
0.95
0.95
1.89
1.44
0.96

(0.85–0.91)
(0.93–0.98)
(0.53–1.83)
(1.17–3.05)
(0.75–2.77)
(0.90–1.01)

Adjusted
P-value

OR (95% CI)a

P-value

<0.001
<0.001
0.95
0.009
0.27
0.13

0.88 (0.85–0.91)
0.96 (0.93–0.99)
N/A
1.64 (0.96–2.81)
N/A
N/A

<0.001
0.003
0.07

OR - odds ratio; CI - confidence interval; ROSC - return of spontaneous circulation; CPR - cardiopulmonary resuscitation.

When resuscitation efforts on scene fail there is a
need for a treatment strategy in the hospital that
cannot be done in the prehospital setting. The treatment strategy has to be beneficial enough for
patients without ROSC to exceed the “cost” of transport (diminished quality of CPR during transport
and safety of crew) (27). Although randomized
studies are lacking, ECPR is a treatment strategy
that could benefit a selected group of OHCA
patients, in which conventional resuscitation efforts
do not result in ROSC (15). Grunau et al. suggests
16 min of on-scene resuscitation as the optimal
moment to transport balancing the risks between
early transport with ongoing CPR and the possibility of achieving ROSC on scene (17). Our study
shows that overall, after 15 min the probability of
30-day survival is lower than the probability to die
within 30 days. In our study, 8 min was the time
point with the highest combined sensitivity and specificity, in the potential ECPR patients subgroup this
time point was 9 min. An approach that considers
the total utility of earlier vs. later transport could be
more useful (28). However, in our study it was not
possible to assign weights to sensitivity and specificity, neither can we assign cost utilities to earlier
transport. Furthermore, although we performed a
potential ECPR patients subgroup analysis, with

(generally common) criteria: age between 18-75 year,
shockable initial rhythm and witnessed arrest, the
precise indications and limitations of ECPR are not
yet well defined in the context of OHCA (14, 15).
Therefore, taken into account the overall ROC optimal time point and the point where the probability
of 30-day survival is smaller than the probability to
die, 8 to 15 min of on-scene resuscitation would be a
good time interval to start transport to the hospital
for ECPR if conventional resuscitation efforts do not
result in ROSC.
ECPR requires fully trained staff that are readily
available upon the decision to transport the patient
to the hospital. Local practices still vary widely but
immediate decision making upon arrival in patients
without ROSC is paramount and should incorporate
these described intervals for best outcomes (15).
Patients without ROSC almost always achieve normal heart rhythm after ECPR initiation but neurological outcome so far remains unpredictable (14).

Limitations
Several issues need to be considered in the interpretation of our findings. In this study, we only present results from the group of patients who
achieved pre-hospital ROSC. However, we documented earlier the rapidly worsening survival when
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transport without ROSC is delayed (13). Our recommendation combined information from both studies.
Only a small proportion of our patient population
achieved ROSC after transport was initiated. We do
not know if, in patients who were transported without ROSC, the chances of achieving ROSC were different than if in the same patients the resuscitation
was continued on scene. This question can only be
studied when an early or later moment of transport
without ROSC is determined at random. To our
knowledge, such a study has never been performed.
Finally, due to the observational character of this
prospective cohort, only an independent association
and not causality between the moment of ROSC
and survival could be determined.

3.

Future Research

5.

Only randomized trials on early vs. later transport
without ROSC can yield information that elucidates
the optimal time for a decision to transport and if
transport is beneficial for those in refractory arrest.
Randomized studies are also necessary to research
ECPR as a beneficial treatment for patients who do
not respond to conventional resuscitation efforts
and define for which patients and when.

6.

CONCLUSION
In OHCA patients with prehospital ROSC, survival significantly decreases with increasing time to
ROSC. Of all patients, 90% of survivors had
achieved ROSC within the first 15 min of EMS
resuscitation and statistically, 8 min was the time
point with the highest combined sensitivity and specificity for transport. We suggest that the optimal
time for the decision to transport is between 8 and
15 min after EMS arrival.
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