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Abstract

Background: In out-of-hospital cardiac arrest (OHCA), return of spontaneous circulation (ROSC) on scene occurs only in a minority of patients. The
optimal duration of resuscitation on scene before transport with ongoing cardiopulmonary resuscitation (CPR) is unknown.

Purpose: To determine the time of resuscitation on scene (‘time on scene’) and survival in patients transported with ongoing CPR in the Netherlands.
Methods: Data on OHCA patients (>18 years) without ROSC on scene, where resuscitation was started between January 1, 2012 and December 31,
2016 in the Amsterdam Resuscitation Study (ARREST) database were analyzed. Time on scene was related to 30-day survival.

Results: Of the 5871 OHCA patients where resuscitation was started, 2437 did not achieve ROSC on scene. Of these, 655 patients were transported
with ongoing CPR and 606 (93%) had complete rhythm data. At the moment of transport, 199 (33%) patients had a shockable rhythm, 299 (49%)
pulseless electrical activity (PEA) and 108 (18%) asystole as rhythm. Twenty-nine patients (4%) were alive at 30 days. Patients who survived 30 days
had a higher proportion of a shockable first monitored rhythm (89% vs. 52%, p < 0.001). Survivors had a significantly shorter time on scene (20 min vs.
26 min, p =0.004), with the highest survival rate (8%) in patients transported within 20 min. In a multivariable model time on scene (OR 0.94; 95%Cl 0.89
—0.99) was independently associated with 30-day survival.

Conclusion: In OHCA patients transported with ongoing CPR the survival rate significantly declines when time on scene increases.

Keywords: Out-of-hospital cardiac arrest (OHCA), Return of spontaneous circulation (ROSC), Cardiopulmonary resuscitation (CPR), Advanced life
support (ALS), Emergency medical services (EMS), Transport with ongoing CPR, Time of resuscitation on scene, Survival, Rhythm at moment of

transport

guidelines apply to approximately 30% of patients with OHCA, many
patients that do not meet these criteria, do not achieve ROSC on
scene.®? Positive patient and process characteristics associated with

Introduction

In out-of-hospital cardiac arrest (OHCA) patients, advanced life
support does result in return of spontaneous circulation (ROSC) on
scene in a minority of patients, ranging between 15% and 45%."°
Survival of patients transported with ongoing CPR is low, but there is
sufficient evidence that transport is not futile (above a 1% futility rate®)
and should be considered."*” While the termination of resuscitation

survival to hospital discharge in patients transported with ongoing
CPR are bystander-witnessed arrest, initial shockable rhythm, public
location and emergency medicals services (EMS) witnessed
arrest.'%*

What is the optimal moment to decide to initiate transport with
ongoing CPR? According to the European Resuscitation Council
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(ERC) guidelines in 2015 the decision to transport with ongoing CPR
should be weighed after 10 min of passed on-scene resuscitation,
however this time is not supported with data.’® The American Heart
Association (AHA) guidelines of 2010 recommend optimizing care on
scene to achieve ROSC rather than transport with ongoing CPR, but
give no specific guidance when to transport to the hospital if ROSC is
notachieved.'" The AHA guideline is not updated on this topic in 2015.

Currently, itis unclear at what time in the resuscitation process the
decision to transport a patient with ongoing CPR should be made.
Emergency medical services (EMS) have to take in account the risk of
transporting an unstable patient in a moving vehicle who may have
achieved ROSC if resuscitation efforts on scene had continued longer.
The aim of this study is to determine the relation between time on
scene and survival in patients transported with ongoing CPR, in a
system in which extracorporeal cardiopulmonary resuscitation
(ECPR) was not yet implemented.

Methods
Study setting and design

This study was performed using data from the Amsterdam
Resuscitation Study (ARREST). The ARREST study is an ongoing
prospective registry of all-cause OHCA in North-Holland, a province of
the Netherlands. The registry was established to identify the
determinants of outcome of OHCA.'?"® The study region covers an
area of 2404 km? and had a population of 2.8 millionin 2015."* All adult
OHCA patients (>18 years) without ROSC on scene, between
January 1, 2012 to December 31, 2016, were included. Exclusion

Total patients with suspected
out-of-hospital cardiac arrest
N= 12348

criteria were (transient) ROSC prior to transport and unknown survival
status. Patients with complete data considering the first monitored
rhythm, the rhythm at the start of transport and rhythm at hospital
arrival were analyzed to identify the different rhythms and survival.
The medical ethics review board of the Amsterdam UMC, Academic
Medical Center, approved the study (nr. W18_231 # 18.276).

EMS system in the study region

In a medical emergency, the national emergency number will be dialed
and if the dispatcher suspects an OHCA, two EMS teams are
dispatched. Each ambulance is equipped with a manual defibrillator
and manned with a driver, who is qualified to perform Basic Life
Support (BLS), and a paramedic, who is qualified to perform
Advanced Life Support (ALS). In addition, first responders, equipped
with an automated external defibrillator (AED), are dispatched. These
first responders are firefighters, police officers and/or citizen-
responders, trained in BLS and AED use. Also, many public areas
in the study region have AEDs and every individual in the study region
is allowed to use these AEDs.

In the study region three dispatch centers participated, each
with one EMS agent. The EMS follows a national protocol for
cardiac arrest based on the European guidelines.’®'® In the
national protocol it is stated, when a patient despite resuscitation
efforts does not achieve ROSC, EMS can consider termination of
resuscitation after 20 min of ALS in case of a non-shockable rhythm
and in the absence of a reversible cause. Early transport is to be
considered early in the process e.g., after 10 min of ALS without
ROSC in patients with ventricular fibrillation (VF), ventricular
tachycardia (VT) or treatable cause, but at what precise moment a

No resuscitation attempted:
- No out-of-hospital cardiac arrest: n=4682
- Dead on arrival: n =1551

Out-of-hospital cardiac arrest,
resuscitation started
n= 5871

- “ Do not resuscitate’ order: n=223
- Unknown why not attempted: n=11
- ICD shock before arrival: n=10

Transported with ROSC: n= 2078
»| Transient ROSC before start transport: n= 476

Out-of-hospital cardiac arrest,
without ROSC on scene
n=3231

Unknown ROSC status before transport: n=86

Age <18 years: n=112
»| Unknown time on scene: n=677

Study population
n= 2437

Unknown 30-day survival: n=5

l

l

Terminated on scene
n=1782

Transported with ongoing CPR

n=655

Fig. 1 - Flowchart of patient inclusion. In 5871 cases EMS personnel attempted to resuscitate of which 3231 without
ROSC on scene, including 2437 patients aged >18 years with complete survival data (died on scene: n=1782;
transported with ongoing CPR: n=655). Years 2012-2016 in the Netherlands.
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decision to transport with ongoing CPR should be initiated is not
described in the national protocol and the ERC Guidelines, nor
what specific criteria are involved in such a decision. Physicians
are not part of the standard dispatched EMS team and the
paramedic is qualified and legally allowed to make termination of
resuscitation decisions without consulting a physician in the pre-
hospital setting. During the study period, in two of the three
participating regions a mechanical CPR device was available in the
ambulance. There were no hospitals in the region that used ECPR
as a treatment strategy in OHCA patients.

Data collection

If a resuscitation is attemped by EMS, EMS routinely sends the
continuous electrocardiography (ECG) from their manual defibrillator
and EMS run report to the ARREST study center. In addition, the
paramedic also answers a pre-determined set of questions consider-
ing specifics of the patient and condition before and during transport. If
an AED was connected before the ambulance defibrillator, ARREST
study personnel visited the AED site shortly after OHCA to collect the
AED ECG recording. The ECG from the EMS manual defibrillator and
AED were stored and analyzed with dedicated software. Clock drift of
defibrillators and AEDs was corrected to standardized times for each
recording. Data were registered using the Utstein templates for
resuscitation registries.'” Data from the EMS manual defibrillator and
AED ECG were analyzed to document the first monitored rhythm, the

rhythm at moment of transport, time of the first defibrillation and time of
first mechanical CPR compression (if mechanical CPR was used).

Time intervals and definitions

Time-stamped data on emergency call at dispatch center, EMS arrival
on scene, EMS departure from scene and arrival at the emergency
department (ED) were collected to create time intervals. EMS arrival
on scene was defined as the moment the EMS manual defibrillator
was connected to the patient. The ‘time on scene’ of EMS was the
interval between EMS arrival on scene and departure of the
ambulance from the scene. In cases of EMS witnessed arrests, ‘time
on scene’ was the interval between collapse and departure of the
ambulance from the scene. If the resucitation was terminated on
scene, ‘time on scene’ was the interval between EMS arrival and
disconnection of the EMS manual defibrillator at the moment of
termination. ‘The ‘total prehospital time’ was the time between the
emergency call at the dispatch center and the arrival at the ED.
Information considering (transient) ROSC was collected from the EMS
report and defined as: a palpable pulse or a measurable blood
pressure.

Outcome

The outcome of this study was overall 30-day survival, based on
information from the National Civil Registry.

Table 1 - Baseline characteristics of OHCA patients who died on scene and patients transported with ongoing CPR.

No ROSC and died on scene No ROSC and transported p-Value Missing
N=1782 N =655 n (%)

Pre-OHCA factors

Age, years, mean (SD) 68 (15) 63 (15) <0.001 —

Sex, n (%) <0.001 —

Male 1193 (67%) 518 (79%)
Female 589 (33%) 137 (21%)

Resuscitation parameters

First monitored rhythm, n (%)? <0.001 38 (1.6%)
Shockable (VF/VT) 236 (13%) 345 (54%)

Not shockable 1524 (87%) 294 (46%)

Presumed cause, n (%) <0.001 —
Cardiac 1645 (92%) 577 (88%)

Not cardiac 137 (8%) 78 (12%)

Location of arrest, n (%) <0.001 1
Residential 1495 (84%) 397 (61%) (<0.01%)
Public 286 (16%) 258 (39%)

Witnessed arrest, n (%) <0.001 19 (0.8%)
Not witnessed 826 (47%) 133 (21%)

EMS witnessed 62 (3%) 87 (13%)
Bystander witnessed 880 (50%) 430 (66%)

Bystander CPR, n (%)° 0.89 16 (0.7%)
Bystander CPR 1370 (81%) 452 (81%)

No Bystander CPR 322 (19%) 109 (19%)

Time intervals

Call to first defibrillation, minutes, median (IQR 25,75)° 12 (9,23) 10 (8,17) <0.001 10 (1.5%)

Response time, minutes, median (IQR 25,75) 12 (10,15) 12 (9,15) 0.002 3 (<0.01%)

Time on scene, minutes, median (IQR 25,75) 23 (17,28) 25 (19,32) <0.001 —

CPR — cardiopulmonary resuscitation; VF/VT — ventricular fibrillation/tachycardia; EMS — emergency medical services; SD — standard deviation; IQR — inter-
quartile range; ED — emergency department. Percentages shown are column percentages.

2 In case of EMS witnessed, first monitored rhythm is rhythm at collapse.
® If not EMS witnessed.
¢ If shockable rhythm.
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Statistical analysis

Categorical variables were presented as percentages and continuous
variables as mean and standard deviation (SD) or as median and
interquartile range (IQR) depending on the data distributions. Chi-
square statistics were used to compare categorical data. For continuous
data unpairedt-test orMann-Whitney U test was used when appropriate.
A multivariable logistic regression model was used to investigate
independentassociations between time on scene and 30-day survival. A
stepwise-forward approach was used with variables significantly
associated in univariate analysis (p-value <0.05). In the model, the
number of events per variable was 10.'® Consequently, in this study a
maximum of 3 variables were allowed in the model. Associations were
reported as odds ratio with 95% confidence intervals (Cl) and associated
p values. The Hosmer-Lemeshow test was used to test the model for
goodness of fit. A p-value of less than 0.05 was considered statistically
significant. All statistical analyses were performed using IBM SPSS
statistics 24 (IBM Corporation, Armonk, NY).

Results

Out of 12,348 patients with suspected OHCA in the study period, 5871
had attempted resuscitation by EMS. Of these, 3231 patients did not
achieve ROSC on scene of which, after exclusion, 2437 patients were

included for analysis. In 1782 patients the resuscitation was
terminated on scene and 655 patients were transported with ongoing
CPR (Fig. 1).

Baseline patient and process characteristics

Patient and process characteristics of patients without ROSC on
scene are shown in Table 1. Patients who were transported with
ongoing CPR were significantly younger, had a higher proportion of
shockable first monitored rhythm, had their arrest more often in public
locations, and the arrest was more often witnessed, compared to
patients without ROSC and a resuscitation that was terminated on
scene. In patients who were not transported, the median time on scene
before termination of resuscitation was 23 (IQR 17, 28) min. Patients
transported with ongoing CPR had a median time on scene of 25 (IQR
19, 32) min before the start of transport. The regional EMS agencies
with mechanical CPR devices utilized it in 83% of the cases, with a
median connection time of 3 min after EMS arrival.

First monitored rhythm, rhythm at moment of transport and
rhythm at ED arrival

Of all patients transported with ongoing CPR, 606 (93%) had complete
data on the time of first monitored rhythm, the rhythm at moment of
transport and rhythm at ED arrival. The rhythms at different stages in

First recorded Start of Arrival
rhythm transport atED
ROSC \
n=25 |
11 | (a4%) |
161 [ o7
VE/VT VF/VT VE/VT
n=332 n=199 n=113
% || (8%) (5 H (o)
— VF/VT
— PEA
123 | 65 |->
PEA PEA PEA —— Asystole
n=183 131 n= 299 231 n=324
(1%) (3%) (3%)
Asystole Asystole Asystole
n=91 { 31 F n=108 46 F n= 144
o [ 12H (0% (0%)

(%) = 30-day survival within rhythm group at corresponding time point

Fig. 2 - Rhythm and 30-day survival at different time points during resuscitation of patients transported with ongoing
CPR. Of the 655 patients transported with ongoing CPR, 609 (95%) had complete data on rhythm at EMS arrival,
moment of transport at arrival at ED. The arrows correspond with the number of cases and rhythms indicated with the
color. (Forexample: of the 332 cases with a shockable VF/VT rhythm as first recorded rhythm, 161 also had a shockable
VF/VT rhythm at moment of transport). Survival is calculated within each rhythm group at the different time points. (For
example: of 199 patients with a shockable rhythm (VF/VT) at moment of transport 16 (8%) survived).
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the resuscitation are illustrated in Fig. 2. At the moment of transport,
199 (33%) patients had VF/VT, 299 (49%) pulseless electrical activity
(PEA) and 108 (18%) asystole as rhythm. At ED arrival 25 patients
(4%) had ROSC, leaving 113 (19%) with VF/VT, 324 (53%) with PEA
and 144(24%) with asystole.

Outcome

Of the 655 transported patients, 544 died in the emergency room, 111
(17%) were admitted to the hospital and 29 (4%) survived 30 days.
Patient and process characteristics of survivors vs non-survivors are
shown in Table 2. Patients who survived 30 days had a higher
proportion of a shockable first monitored rhythm (89% vs. 52%,
p < 0.001) and a higher proportion of shockable rhythm at moment of
transport (63% vs.31%, p=0.001) compared to patients who died.
Fig. 2 shows the survival within the rhythm groups and corresponding
rhythms of patients at the time of first monitored rhythm, the moment of
transport and ED arrival. During transport 25 of 606 (4%) patients
achieved ROSC, and 44% of these patients survived. In patients,
transported with ongoing CPR, at every time point a shockable rhythm
resulted in the highest survival, 7% at moment of first monitored
rhythm, 8% at start of transport and 6% at ED arrival respectively. PEA

at the moment of first monitored rhythm was associated with a survival
of 1% and a survival of 3% at moment of transport and ED arrival. None
of the patients with asystole at any time point survived.

Time on scene and 30-day survival

Patients who survived had a significant shorter time on scene (20 min
vs. 26 min, p=0.003). Fig. 3 shows there was a significant trend
between time spent on scene and 30-day survival (p fortrend =0.014).
In a multivariable model (Table 3) time on scene was independently
associated with 30-day survival (OR 0.94; 95%CI 0.89—0.99); for
every minute longer time on scene before transport, the odds of 30-
day survival decreased by 6%. First rhythm VF/VT and response time
were also independently associated with 30-day survival. Rhythm at
transport VF/VT was not independently associated with 30-day
survival in the multivariable model.

Discussion

Our study showed that in OHCA patients transported with ongoing
CPR the survival rate significantly declined when time on scene

Table 2 - Characteristics of surviving and non-surviving patients transported with ongoing CPR.

Died 30-day survival p-Value Missing
N=626 N=29 n (%)
Pre-OHCA factors
Age, years, mean (SD) 63 (15) 61 (14) 0.34 —
Sex 0.34 -
Male, n (%) 493 (79%) 25 (86%)
Female, n (%) 133 (21%) 4 (14%)
Resuscitation parameters
First monitored rhythm, n (%)* <0.001 16 (2.4%)
Shockable (VF/VT) 320 (52%) 25 (89%)
Not shockable 291 (48%) 3 (11%)
Presumed cause, n (%) 0.15 —
Cardiac 549 (88%) 28 (97%)
Not cardiac 77 (12%) 1 (3%)
Location of arrest, n (%) 0.54 -
Residential 381 (61%) 16 (55%)
Public 245 (39%) 13 (45%)
Witnessed arrest, n (%) 0.06 5 (0.8%)
Not witnessed 131 (21%) 2 (7%)
Witnessed 490 (79%) 27 (27%)
CPR before EMS arrival 0.10 2 (0.3%)
No bystander CPR 100 (16%) 9 (31%)
EMS witnessed 83 (13%) 4 (14%)
Bystander CPR 436 (71%) 16 (55%)
Rhythm at moment of transport, n (%) 0.001 33 (5.0%)
Shockable (VF/VT) 187 (31%) 17 (63%)
Not shockable 408 (69%) 10 (37%)
Time intervals
Call to first defibrillation, minutes, median (IQR 25,75)° 10 (8,17) 9 (6,12) 0.06 10 (1.5%)
Response time, minutes, median (IQR 25,75) 12 (9,15) 10 (8,14) 0.008 —
Time on scene, minutes, median (IQR 25,75) 26 (20,32) 20 (15,26) 0.003 -
Transport time to ED, minutes, median (IQR 25,75) 8 (5,12) 8 (6,14) 0.45 13 (2.0%)
Total prehospital time, minutes, median (IQR 25,75) 47 (39,55) 45 (36,51) 0.02 13 (2.0%)

CPR — cardiopulmonary resuscitation; VF/VT — ventricular fibrillation/tachycardia; EMS — emergency medical services; SD — standard deviation; IQR — inter-
quartile range; ED — emergency department. Percentages shown are column percentages.
2 In case of EMS witnessed, first monitored rhythm is rhythm at collapse.

® |f shockable rhythm.




240

RESUSCITATION 138 (2019) 235 242

141
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T *p for trend 0.014
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[~

5-
4-
2-
0 T T T
<20 min 20-30 min >30 min
(n=165) (n=270) (n=192)

Time on scene (min)

Fig. 3 - Time on scene intervals and 30-day survival of
patients transported with ongoing CPR. Of 178 patients
which were transported within 20 min of time on scene,
13(7%) survived. Of the 282 patients transported after 20
—30min, 12 (4%) survived and of 195 patients trans-
ported after 30 min, 4 (2%) survived.

increased. Patients with a shockable rhythm as first monitored rhythm
and patients with a shockable rhythm at the moment of transport had
the highest probability to survive 30 days.

The overall survival of patients transported with ongoing CPR in
this study was 4% which is higher than the accepted limit of medical
futility.® This is in accordance with previous studies which found
survival rates of 3.6% and 6%.""” The highest survival rate was found
in patients transported within 20 min of on-scene resuscitation and
patients with a shockable first monitored rhythm. Furthermore, time on
scene was independently associated with 30-day survival. This
suggests that a shorter time on scene is associated with a higher
probability of survival.

In our study besides time on scene, a first monitored rhythm VF/VT
was associated with better 30-day survival in the patients transported
without ROSC, which is consistent with the guidelines.'® Yates et al
found a survival rate of 1.3% in patients transported with ongoing CPR;
all survivors had a shockable first rhythm.* Our study showed that
patients with a shockable rhythm had the highest chances of 30-day
survival with a survival rate at moment of first monitored rhythm and
moment of transport of respectively 7% and 8%, but patients with PEA

had a survival rate of respectively 1% and 3%. There were no patients
with asystole that survived to 30 days.

Although transport should be considered, transporting a patient
with ongoing CPR is associated with interruptions in CPR and possible
lower survival rate.’® 2" This could be a factor why paramedics may
choose to stay longer on scene in non-public locations where moving
the patient into an ambulance with ongoing CPR may be challenging.
In addition, manual CPR in a moving ambulance reduces the quality of
CPR and is potentially harmful to the paramedic.?* To facilitate and
support earlier transport in patients without ROSC, the quality of CPR
and safety of the paramedics during transport needs to be ensured.
The use of mechanical CPR could facilitate this and accelerate the
decision to transport with ongoing CPR.?22*

At the beginning of resuscitation, it is not known which patients will
achieve ROSC and at what time. In our study 5% of all transported
patients without ROSC had ROSC at hospital arrival, suggesting they
could have achieved ROSC on scene before start of transport if EMS
had continued their resuscitation on scene. Earlier studies describe
thatin OHCA patients, the first 10—15 min of standard ALS strategies
are most effective and after 15 min the probability of survival with good
neurologic outcome decreases.?>2 In our study there were insuffi-
cient patients transported within 10 or 15 min to analyze the potential
benefit of earlier initiation of transport than 20 min.

There is a need for novel treatment strategies for patients who do
not respond to conventional resuscitation after the first 15min. The
use of ECPR in OHCA is a new strategy, which improves the chances
of survival in a selected group of OHCA patients.?” Although
randomized studies are lacking, the use of ECPR may be a beneficial
therapy, especially when there is a short low-flow time and early ECPR
initiation.?®~3° Grunau et al. suggests that the window to transport for
ECPR is between 8 to 24 min, with 16 min as the optimal moment to
transport balancing the risks between early transport with ongoing
CPR and the possibility of achieving ROSC on scene.?® Our study
suggests that a delay to transport for more than 20 min is already
associated with lower survival.

Limitations

First, the precise reason for the decision to transport patients with
ongoing CPR and terminate CPR in others was not documented. A
selection mechanism could be present that our analysis did not detect.
Second, this study did not include data considering hospital care and
30-day survival could be affected by interventions such as coronary
revascularisation.®"*2 Finally, due to the observational character of
this prospective cohort, only an association and not causality between
time on scene and survival could be determined. Therefore, our study

Table 3 - Multivariable logistic stepwise forward regression of variables associated with 30-day survival.

Unadjusted Adjusted

OR (95% Cl) p-Value OR (95% CI)? p-Value
Time on scene 0.93 (0.89—-0.98) 0.004 0.94 (0.89-0.99) 0.02
First rhythm: VF/VT 7.58 (2.26—25.36) 0.001 10.52 (2.36—43.96) 0.002
Response time 0.88 (0.80—0.98) 0.02 0.85 (0.76—0.96) 0.007
Rhythm at transport: VF/VT 3.71 (1.67-8.26) 0.001 — —

Hosmer and Lemeshow test P 0.55.

OR — odds ratio; Cl — confidence interval; ROSC — return of spontaneous circulation; VF/VT — ventricular fibrillation/tachycardia.
2 Variables put in model stepwise forward: first rhythm, response time, time on scene, rhythm at moment of transport.
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does not answer the question if an even earlier decision on scene to
transport without ROSC would have resulted in even higher survival.

Future research

It remains unclear why a patient is transported with ongoing CPR in
some situations, but the resuscitation is terminated in others. Future
qualitative studies will explore medical and non-medical factors that
are not specified in the ambulance guidelines and that appear to
contribute to the decision.

Conclusion

In OHCA patients transported with ongoing CPR the survival rate
significantly declines when time on scene increases. Patients
transported within 20 min of time on scene have the highest survival
rate, this suggests the decision to transport with ongoing CPR needs
to be made early in the resuscitation process.
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