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Shortening Ambulance Response Time
Increases Survival in Out-of-Hospital
Cardiac Arrest

Johan Holmén "=/, MD, PhD; Johan Herlitz, MD, PhD; Sven-Erik Ricksten, MD, PhD; Anneli Strdmsde, RN, PhD;
Eva Hagberg, MD; Christer Axelsson, RN, PhD; Araz Rawshani, MD, PhD

BACKGROUND: The ambulance response time in out-of-hospital cardiac arrest (OHCA) has doubled over the past 30 years in
Sweden. At the same time, the chances of surviving an OHCA have increased substantially. A correct understanding of the
effect of ambulance response time on the outcome after OHCA is fundamental for further advancement in cardiac arrest care.

METHODS AND RESULTS: We used data from the SRCR (Swedish Registry of Cardiopulmonary Resuscitation) to determine the
effect of ambulance response time on 30-day survival after OHCA. We included 20 420 cases of OHCA occurring in Sweden
between 2008 and 2017. Survival to 30 days was our primary outcome. Stratification and multiple logistic regression were
used to control for confounding variables. In a model adjusted for age, sex, calendar year, and place of collapse, survival to
30 days is presented for 4 different groups of emergency medical services (EMS)-crew response time: 0 to 6 minutes, 7 to
9 minutes, 10 to 15 minutes, and >15 minutes. Survival to 30 days after a witnessed OHCA decreased as ambulance re-
sponse time increased. For EMS response times of >10 minutes, the overall survival among those receiving cardiopulmonary
resuscitation before EMS arrival was slightly higher than survival for the sub-group of patients treated with compressions-only
cardiopulmonary resuscitation.

CONCLUSIONS: Survival to 30 days after a witnessed OHCA decreases as ambulance response times increase. This correlation
was seen independently of initial rhythm and whether cardiopulmonary resuscitation was performed before EMS-crew arrival.
Shortening EMS response times is likely to be a fast and effective way of increasing survival in OHCA.
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arrest (OHCA) in Sweden have improved dramati-

cally over the years, from 3.6% in 1990 to 11.6% in
2018." A follow-up of neurologic outcomes during the
past 10 years shows that 90% of the survivors either
have a good cerebral performance or a moderate dis-
ability with sufficient function for independent activities
of daily life.!

Important factors behind this welcome develop-
ment include more frequent bystander interventions,
more effective in-hospital treatment, and an increasing
proportion of ambulance crew-witnessed cases.'?

The chances of surviving an out-of-hospital cardiac

Meanwhile, the median ambulance response time
in OHCA has doubled over the years, from 5 to 6 min-
utes in the early 1990s to 11 minutes in 2017.' This is an
unfortunate combination of factors, as it could poten-
tially lead to the conclusion that minimizing ambulance
response times is less important in reducing mortal-
ity rates from cardiac arrest. Sweden had more than
6000 cardiac arrest victims in 2018, where cardiopul-
monary resuscitation (CPR) was initiated. Effective
measures to further increase survival and improve
neurologic outcomes after OHCA are challenging and
resource-intensive.
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CLINICAL PERSPECTIVE

What is New?

e We report decreasing survival as ambulance
response time increases in witnessed out-of-
hospital cardiac arrest. This association was
independent of both initial rhythm and whether
bystander-initiated cardiopulmonary resuscita-
tion (CPR) was performed or not.

e Bystander-initiated CPR was associated with
an increased survival only if the emergency
medical services crew arrived on scene within
15 minutes from dispatch, in out-of-hospital
cardiac arrest cases with a presumed cardiac
cause.

e The association between emergency medical
services response time and survival was ob-
served for all ages, including 0 to 1 and 1 to
16 years, specifically.

What Are the Clinical Implications?

e Bystander-initiated CPR has proven to be an
important factor in increasing the chances of
survival in out-of-hospital cardiac arrest, and
short emergency medical services response
times are critical to maintain the benefit from
bystander-initiated CPR.

e CPR with compressions only is gaining ground
on behalf of bystander-CPR with rescue
breaths; in this scenario, emergency medical
services response time equals time from dis-
patch to CPR with ensured ventilation, and this
highlights the importance of future emergency
medical services response time.

e Qur observations suggest substantially im-
proved chances of survival by reducing ambu-
lance response time in witnessed out-of-hospital
cardiac arrest.

Nonstandard Abbreviations and Acronyms

CPC cerebral performance categories
OHCA out-of-hospital cardiac arrest
PEA pulseless electrical activity

pvT pulseless ventricular tachycardia

SRCR Swedish Registry of Cardiopulmonary
Resuscitation

Ambulance response time is commonly used as
an important indicator when assessing the quality of
emergency medical services (EMS) systems. Although
shortening EMS response times is an appealing ap-
proach that is likely to be beneficial for selected medi-
cal emergencies, evidence is scarce.
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A correct understanding of the impact of ambu-
lance response time is fundamental. In the context of
an increase in both survival rates and in the EMS re-
sponse time, this question is crucial when it comes to
directing future efforts to combat death from cardiac
arrest.

We hypothesize that shorter ambulance response
times in OHCA has a positive effect on the chances
of survival. Our primary aim was to determine the ef-
fect of ambulance response time on 30-day survival
after OHCA. Secondarily, we describe the association
between response time and the usefulness of CPR be-
fore EMS arrival (bystander CPR).

METHODS

Requests to access the data that support the findings
of this study should be made through the SRCR inter-
nal website at https:/shlir.registercentrum.se.

Study Design

This is an observational study based on data from
the SRCR (Swedish Registry of Cardiopulmonary
Resuscitation) during a 10-year period. The SRCR,
initiated in 1990, is a national quality register collect-
ing Utstein-style data from all (100%) Swedish EMS or-
ganizations. There is a national web-based procedure
for OHCA registration, independent of the different
medical records that are used throughout the country.
The criterion for inclusion is every attempt at CPR and/
or defibrillation, and the routine registration of these
events is well known to all EMS personnel in Sweden.
The registration of patient and cardiac arrest charac-
teristics is performed by 1 of the EMS crews involved,
normally the first crew on the scene.

OHCA cases in which CPR has been initiated be-
fore the arrival of an EMS crew are included in the
SRCR if resuscitation attempts are continued by EMS
personnel or if the patient has already regained spon-
taneous circulation on EMS arrival. In some cases of
bystander-initiated CPR the arriving EMS crew faces a
patient with definitive signs of death and resusciation
attempts are discontinued. These patients are not in-
cluded in the register.

The unconscious patient is unable to give informed
consent and this requirement was waived. Obtaining
an informed consent from a legal surrogate would
delay resuscitation attempts and was considered
unethical.

A validation of the SRCR3 has shown that 75%
of the cases were reported prospectively and the
remainder were detected retrospectively. In 2017,
n=5781 OHCA cases were reported to the register.
An incidence of 57 OHCAs /100 000 person-years
supports our estimation that the coverage of the
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SRCR is good. The SRCR has been described in
more detail elsewhere.!*5

Setting and Population

In 2017, the population of Sweden was 10.1 million,®
covering an area of approximately 450 000 kmZ.
This means a population density of 22 people/
km?2, compared with, for example, Germany’s 231
people/km? or the Netherlands’ 411 people/km?.
Most Swedes live in urban areas, and the northern
parts of the country are more sparsely populated
than the southern parts. Normally, a cardiac arrest
dispatch center activates 2 EMS units, enabling
advanced life support both on the scene and dur-
ing transport. National resuscitation guidelines are
in conformity with guidelines from the European
Resuscitation Council and each EMS unit carries at
least 1 registered nurse. Some regions have physi-
cian-staffed units, but the involvement of a prehos-
pital physician is not customary.

Selection and Outcome

We investigated the time period from 2008 to 2017,
making 48 325 patients eligible for inclusion. For pedi-
atric cases, registration is not validated separately and
relatively few cases were reported during the study pe-
riod. After exclusion of infants assessed by the EMS
crews as caused by sudden infant death syndrome,
1.4% (n=284) of included patients who experienced
OHCA were children.

For EMS response time to correspond to the actual
time spent from cardiac arrest to EMS arrival, all unwit-
nessed cases were excluded. All exclusion criteria are
specified in Figure 1.

Short-term survival was reported as survival to
30 days, according to the Utstein style consensus re-
porting guidelines from 2015.7

Statistical Analysis

Multiple logistic regression was used to study the as-
sociation between ambulance response time and the
dependent variable of survival to 30 days. The model
was adjusted for the following 4 covariates: age, sex,
calendar year, and place of OHCA.

By assessing physiologic plausibility and previous
studies of this subject, a direct acyclic graph (Figure S1)
was constructed in an attempt to identify potential con-
founding factors. Calendar year, place of OHCA, age,
sex, initial rhythm, and time to CPR and defibrillation were
all regarded as possible factors associated with both 30-
day survival and EMS response time. All 7 of these vari-
ables have previously been shown to be associated with
survival to 30 days in withessed OHCA in our population.®

Sub-group analyses were performed for the first re-
corded rhythm (Figures 2C, 2D) and for whether or not
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CPR was initiated before EMS arrival (Figures 2E, 2F).
Apart from the cases defibrillated by bystanders, the
time to defibrillation can be regarded as a proxy for re-
sponse time and no adjustment was made for time to
defibrillation. Prehospital interventions were regarded
as a link in the causal chain and were not adjusted for
in the model. Hospital interventions were regarded as
possible confounders, but no such data were available
for analysis.

For the pediatric model, adjustments were made for
sex, calendar year, and place of arrest.

Using the predicted probability of survival in each
EMS response time interval (0—6 minutes, 7-9 min-
utes, 10-15 minutes, >15 minutes), we calculated the
number of individuals expected to survive an OHCA
nationally. We noted a non-linear association between
EMS response time and survival, and we therefore
used restricted cubic splines (with 4 knots) to capture
this non-linear association.

Finally, we performed a logistic regression adjusted
for all available covariates and accounted for their odd
ratios (OR) in a forest plot.

We imputed missing data using the Multivariate
Imputation by Chained Equation algorithm. We im-
puted a single complete data set, and this was done
separately for patients with shockable and non-shock-
able rhythm. The imputed data were used for regres-
sion modelling. We did not use imputation for survival,
initial rhythm, or defibrillation.

All analyses were performed using R.

RESULTS

Patient and cardiac arrest characteristics are pre-
sented in Table 1. In a model adjusted for age, sex, cal-
endar year, and place of collapse, survival to 30 days is
presented for 4 different groups of EMS crew response
time (Figure 2, Figure S2). In the overall group, survival
was 19.5% when the EMS crew arrived within O to
6 minutes, as compared with 9.4% if the crew arrived
after 10 minutes or more (Figure 2A).

Adecrease in survival with increasing EMS response
time was seen, regardless of the initial heart rhythm
(Figures 2C, 2D). The same observation was made re-
gardless of whether or not CPR was performed before
EMS arrival (Figures 2E, 2F), for the time intervals of O
to 6 minutes, 7 to 9 minutes, and 10 to 15 minutes, but
not for OHCA cases where the EMS crew arrived more
than 15 minutes after the collapse. Figure 2C presents
the adjusted survival in the sub-group presenting with
a shockable rhythm, for whom survival dropped from
44% to 25% when the EMS response time increased
from O to 6 minutes to 10 to 15 minutes. Similarly, in the
sub-groups of patients with a non-shockable rhythm
(Figure 2D) and those with and without bystander CPR
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OHCA reported
to the SRCR

2008-2017
n=48,325 Exclusion criteria

= | Date of death, personal id-number or EMS
L response time missing n=3,430

Assessed as sudden infant death syndrome
n=155

\

\J

Ambulance crew-witnessed n=2,085

Unwitnessed collapse
n=22,148

Y

Time to alert >60 min, time to CPR >120 min,
| time to dispatch >120 min, time to defib>120 min
n=87

Inlcuded in the
final analysis
n=20,420

| |

EMS arrival 0-6 min EMS arrival 7-9 min EMS arrival 10-15 min EMS arrival >15 min
n=5,608 n=4,578 n=5,539 n=4,695
Survival to 30 days Survival to 30 days Survival to 30 days Survival to 30 days
20% 14% 10% 8%

Figure 1. Inclusion of patients who experienced OHCA and unadjusted survival to 30 days.
CPR indicates cardiopulmonary resuscitation; EMS, emergency medical services; OHCA, out-of-hospital cardiac arrest; and SRCR,
The Swedish register of cardiopulmonary resuscitation.

(Figures 2E, 2F), we note a more than 2-fold difference  cause of cardiac arrest and whether CPR was initiated
in survival. before EMS arrival.

Figure 3 presents the non-linear association be- The probability of survival was lower in patients
tween EMS response time and survival, stratified by assessed (by the EMS crew) as having a non-cardiac

Figure 2. The association between EMS response time (“Delay”) and survival to 30 days for all patients (a, n=20 420), among
patients receiving compressions-only CPR before EMS arrival (b, n=2762), among patients found in a shockable rhythm (c,
n=5970) and a non-shockable rhythm (d, n=14 450), and among patients receiving CPR before EMS arrival (e, n=13 047) and
patients not receiving CPR before EMS arrival (f, n=5775).

Model predictors were age, sex, place of cardiac arrest, calendar year, and EMS response time. All numbers in the figures are
percentages, with whiskers representing a 95% CI.
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Table 1. Patient and Cardiac Arrest Characteristics Stratified by EMS Response Time

0-6 min 7-9 min 10-15 min >15 min

EMS Response Time (n=5608) (n=4578) (n=5539) (n=4695)
Age

Y, median (IQR) 73 (62-82) 72 (62-82) 72 (62-81) 72 (63-81)

Missing 180 (3.2%) 146 (3.2%) 201 (3.6%) 153 (3.3%)
Sex

Men 3946 (70.4%) 3073 (67.1%) 3825 (69.1%) 3230 (68.8%)

Women 1657 (29.5%) 1502 (32.8%) 1712 (30.9%) 1461 (31.1%)

Missing 5 (0.1%) 3(0.1%) 2 (0.0%) 4 (0.1%)

Place of collapse

Home 3054 (54.5%) 3038 (66.4%) 3908 (70.5%) 3311 (70.5%)

Public place 1608 (28.7%) 831 (18.2%) 877 (15.8%) 753 (16.0%)

Other place 563 (10.0%) 435 (9.5%) 461 (8.3%) 396 (8.4%)

Missing 383 (6.8%) 274 (6.0%) 298 (5.4%) 235 (5.0%)
CPR before EMS arrival

Bystander CPR 3157 (56.3%) 2636 (57.6%) 3689 (66.6%) 3565 (75.9%)

No bystander CPR 2010 (35.8%) 1534 (33.5%) 1439 (26.0%) 792 (16.9%)

Missing 441 (7.9%) 408 (8.9%) 411 (7.4%) 338 (7.2%)
Type of CPR before EMS arrival

Compressions only 735 (23.3%) 680 (25.8%)%) 763 (20.7%) 584 (16.4%)

Compressions and ventilation 478 (15.1%) 412 (15.6 %) 580 (15.7%) 634 (17.8%)

Ventilation 18 (0.57%) 10 (0.38%) 8(0.22%) 13 (0.36%)

Missing 1926 (61.0%) 1534 (568.2%) 2338 (63.4%) 2334 (65.5%)
Initial rhythm

Asystole/PEA 3312 (59.1%) 3055 (66.7%) 3864 (69.8%) 3530 (75.2%)

VF/pVT 2088 (37.2%) 1369 (29.9%) 1507 (27.2%) 1006 (21.4%)

Missing 208 (3.7%) 154 (3.4%) 168 (3.0%) 159 (3.4%)
Time to alarm

2 (1-4) 2(1-5) 2 (1-5) 2 (1-5)

1109 (19.8%) 1102 (24.1%) 1626 (29.4%) 1658 (35.3%)
Time to CPR

Min, median (IQR) 3(0-7) 4 (1-10) 4 (1-11) 3 (0-11)

Missing 650 (11.6%) 545 (11.9%) 667 (12.0%) 733 (15.6%)
Time to defibrillation

Min, median (IQR) 10 (8-15) 14 (11-20) 19 (15-25) 25 (17-34)

Missing 3041 (54.2%) 2708 (59.2%) 3334 (60.2%) 3171 (67.5%)
Time to EMS dispatch

Min, median (IQR) 1(0-1) 1(0-1) 1(0-1) 1(0-1)

Missing 769 (13.7%) 571 (12.5%) 702 (12.7%) 611 (13.0%)
Time to EMS arrival

Min, mean (SD) 4.64 (1.36) 7.92 (0.814) 12.3 (1.72) 26.3 (13.6)

Min, median (IQR) 5 (4-6) 8 (7-9) 12 (11-14) 21 (18-26)
Defibrillation

Proportion defibrillated 50.0 % 44.0% 43.7% 36.5%

Missing 394 (7.0%) 286 (6.2%) 310 (5.6%) 245 (5.2%)

CPR indicates cardiopulmonary resuscitation; EMS, emergency medical sevices; IQR, interquartile range; PEA, pulseless electrical activity; SD, standard
deviation; VF, ventricular fibrillation; and pVT, pulseless ventricular tachycardia.
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cause of the collapse. Overall, as well as in the sub-
groups with and without cardiac cause, the drop in
survival was most pronounced between 0 and 10 min-
utes. This was observed regardless of whether or not
CPR was performed before EMS arrival.

Among patients on whom CPR was started be-
fore EMS arrival, some received compressions-only
CPR. The association between EMS response time
and survival to 30 days in this sub-group is shown in
Figure 2B. Survival dropped from 23.3% to 8.8% when
EMS response time increased from O to 6 minutes to
10 to 15 minutes in this sub-group.

In an attempt to illustrate the association in pediat-
ric patients, we analyzed data for children aged O to
1 year and 1 to 16 years (Figure 4).

All patients
03
Bystander

— Bystander CPR
No bystander CPR

Probability of survival

0.0
0
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S
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0.1

Probability of survival
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Cause: all other
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Figure 3. Adjusted survival to 30 days in relation to EMS
response time for patients receiving CPR before EMS arrival
and those that did not. Presented for all patients (top),
those assessed by the EMS crew as having a cardiac cause
(middle), and a non-cardiac cause (bottom), respectively.
CPR indicates cardiopulmonary resuscitation; and EMS,
emergency medical services.
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The overall neurologic outcome was measured by a
cerebral performance category score (CPC), which is
presented in Figure 5.

The unadjusted analysis is in conformity with the
adjusted results (Figures S3-S10). A fully adjusted
model is presented in Figure S11.

A prediction of the effect of different EMS re-
sponse times was made, based on patients who
experienced OHCA reported to the SRCR in 2018
(Figure 6). The total number of survivors of OHCA
nationally was predicted to be n=504, with an EMS
response time greater than, or equal to, 15 minutes.
Reducing EMS response times to 10 to 15 minutes
would result in n=577 survivors, and the model pre-
dicted n=1194 survivors with a response time of O to
6 minutes.

DISCUSSION

We have explored the association between EMS re-
sponse time and survival to 30 days after an OHCA,
and we can confirm a clear correlation. Our findings,
together with previous work,®'® indicate that shorten-
ing ambulance response times will reduce mortality
from OHCA.

Despite increasing ambulance response times
since 1990, the time from collapse to defibrillation
has remained essentially unchanged. This is be-
cause several other instances in the community now
contribute to the defibrillation of patients who expe-
rienced OHCA. Apart from bystander defibrillation,
several firefighters and police officers carry a defibril-
lator and can perform semi-automatic defibrillation.
This means that the increasing ambulance response
time has not ended up delaying defibrillation at the
population level. Again, this could contribute to the
false conclusion that ambulance response time is a
less important factor for patients experiencing car-
diac arrest. Among patients in Sweden presenting
with a shockable rhythm, only about 1 out of 4 is
defibrillated before EMS arrival.! In our investiga-
tion, the proportion of patients found in a shockable
rhythm decreases with increasing EMS response
time (Table 1).

When assessing the increasing EMS response
time and its effect on survival after OHCA, the time
from collapse to dispatch at the dispatch center (the
first link in the chain of survival) must be considered.
The time from collapse to the first registration of
an event at the dispatch center is registered in the
SRCR. The median time from collapse to registered
emergency call was 5 minutes in 1990 and 2 min-
utes in 2018." This means that the 5-minute increase
in EMS response time from 1990 to 2018 has been
partly compensated for by a 3-minute decrease in
time from collapse to emergency call. Together with
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Figure 4. Association between survival to 30 days and emergency medical services response time in pediatric cases,
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EMS inidicates emergency medical services.

more frequent bystander interventions, an increasing
proportion of EMS crew-witnessed cases, and more
effective hospital interventions, this is likely to explain
why survival after OHCA has improved, despite the
heavy increase in EMS response time. We conclude
that lives can be saved after an OHCA by shortening
the time from collapse to EMS crew arrival.

CPR Before EMS Arrival

An increasing number of patients who experienced
OHCA are treated with CPR before the ambulance ar-
rives. Bystander CPR has been shown to more than
double the chances of survival.'*

In patients who experienced OHCA receiving CPR
before EMS arrival, survival to 30 days increased with
decreasing response time (Figure 2E). This was also the
case for patients not receiving CPR before EMS arrival, if
the response time was 15 minutes or less (Figure 2f) but
not for a response time over 15 minutes. In cases where
EMS crews decided to initiate CPR even when they ar-
rived as much as 15 minutes or more after collapse, it is
possible that the patient did not suffer complete circu-
latory arrest during the entire delay. It is also reasonable
to believe that, in some OHCA cases with EMS arrival of
>15 minutes, the patient was assessed by the crew as
beyond resuscitation and CPR was not initiated and the
patient was consequently not included in our study. This
selective mechanism is one possible explanation of the
slight increase in survival seen in OHCA cases in which
CPR was not initiated before EMS arrival and the EMS
response time was >15 minutes (Figure 2f).

Our data indicate that CPR before the arrival of EMS
only has a significant effect on survival if an EMS crew

J Am Heart Assoc. 2020;9:e017048. DOI: 10.1161/JAHA.120.017048

arrives on the scene within the first 15 minutes after
dispatch, among patients where the cause is assumed
to be heart disease (Figure 3). After this, the Cls over-
lapped when comparing victims who did and did not re-
ceive CPR before EMS arrival. This agrees with previous
findings.®

Compressions Only
Compressions only is the recommended method for
both untrained bystanders and bystanders unwilling
to perform mouth-to-mouth inflations. This most likely
contributes to the fact that CPR interventions before
EMS arrival are increasing.'® It also highlights the ques-
tion of EMS response time, since the effect of pro-
longed CPR without rescue breaths is unknown.
Several observational studies have concluded that
compressions only are equivalent to chest compres-
sions in combination with rescue breaths in adult pa-
tients.'®'9 In dispatcher-assisted CPR, compressions
only is the method recommended for adult patients, ac-
cording to both the International Liaison Committee on
Resuscitation” and the European Resuscitation Council.?°
Based on the fact that rescue breaths may be ben-
eficial for OHCA of asphyxial origin, for children, and
for prolonged resuscitation, the ERC recommends
all providers who are “trained and able” to per-
form compressions together with rescue breaths.?°
Animal models indicate that compressions-only may
be as effective as the combination of compressions
and ventilation for the first minutes of a non-asphyx-
ial cardiac arrest.?"??2 On the other hand, both arte-
rial and cerebral oxygenation have been shown to
be higher in pigs resuscitated with a combination of
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5. Braindead, deceased
4. Vegetative state
3. Severe sequele
2. Mild sequele 14.30% 14.40%
17.00% 17.70%
1. No sequele 78.30% 78.40%
70.60% 69.10%
Otoémin 7toémin 10to ;5 min >15Imin
Delays

Figure 5. CPC score in relation to emergency medical services response time (n=2263).
CPC indicates cerebral performance categories; and EMS, emergency medical services.

compressions and rescue breaths, compared with
compressions only.?3

With an increasing spread of compressions-only CPR,
the EMS response time affects the time to rescue breaths
for many patients. A previous Swedish study found no asso-
ciation with compressions-only CPR and survival to 30 days
when the EMS response time was 10-14 minutes.”®

Our material reveals a similar 30-day survival rate
when comparing patients receiving compressions-only
CPR with all patients receiving CPR before EMS arrival,
if the response time is O to 6 minutes or 7 to 9 minutes
(Figure 2b and Figure 2e). When the EMS response
time was >10 minutes, the overall survival among those
receiving CPR before EMS arrival was slightly higher
than survival for the sub-group of patients treated with
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compressions-only CPR (10.9% versus 8.8% for re-
sponse time 10 to 15 minutes, 8.6% versus 8.4% for
response time >15 minutes, Figure 2B and 2E).

It is possible that a short EMS response time in
OHCA will be even more beneficial in a future with more
frequent compressions-only CPR. The close monitor-
ing of the effect of EMS response time on survival and
neurologic outcome is crucial.

Pediatric OHCA

The primary pathogenesis in pediatric cardiac arrest is
a respiratory event.?* Shockable rhythms are far less
frequent compared with an adult population.?®2® These
facts support the idea that EMS response times could
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Figure 6. Predicted survival to 30 days, based on patients
who experienced out-of-hospital cardiac arrest reported to
the Swedish Registry of Cardiopulmonary Resuscitation in
2018 (n=6135).

EMS indicates emergency medical services.

have an even greater impact on survival in pediatric
cases. Although we could confirm the association be-
tween EMS response times and survival to 30 days in
both infants (0-1 years) and children aged 1 to 16 years
(Figure 4), the number of pediatric cases was small and
the Cls were wide. The material does not allow a com-
parison with the adult population, but our data support
the importance of shortening EMS response time in
pediatric patients who experienced OHCA.

Neurologic Outcome

Crude data on neurologic outcomes, presented as CPC-
score values (Figure 5), show that the vast majority of sur-
vivors have no, or relatively mild, sequelae. About 90%
of the survivors were assessed as CPC 1 or 2, and the
proportions were similar in the 4 groups of EMS response
time. We note that our results do not indicate a correla-
tion between EMS response time and CPC outcome
(Figure 5). The amount of missing data is considerable,
and it is possible that the cognitive status of the survivors
introduces a selection that is behind the similar distribution
of CPC scores in all groups of EMS response time.

Shortening Response Times
Ambulance response time has been found to be an
independent predictor of both defibrillation, survival,
and favorable neurologic outcome after OHCA.!":12:27.28
Shorter response times are likely to be beneficial in
major trauma,?®3° but there are conflicting results.!
In other emergencies, little is known about the impor-
tance of EMS response time. 3234 There is a great need
for further knowledge on the importance of ambulance
response time in different medical emergencies.

It is unknown whether increasing EMS response
times are a global phenomenon. In informal discussions
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with colleagues from different parts of the world, in-
creasing EMS response times appear to be a common
problem, but there is an obvious lack of reporting on
the issue. To our knowledge, there is no national com-
pilation of ambulance density in Sweden.

The bottom line is making the most of the resources
allocated to patient care. Increasing the number of am-
bulances is the most straightforward way to cut the
time from collapse to EMS-crew arrival. This option
has to be considered next to investing in technically
advanced interventions, such as prehospital endovas-
cular aortic occlusion,® prehospital mechanical circu-
lation,383" and drone-delivered defibrillators.®®

Based on patients who experienced OHCA re-
ported in 2018, our model predicted that an EMS
response time of 0-6 minutes would result in Nn=1194
survivors of OHCA (Figure 6). The actual number of
survivors in 2018 was n=609, with a median response
time of 11 minutes.! However, these predictions are
speculative and based on all the patients who expe-
rienced OHCA reported to the SRCR in 2018, regard-
less of witnessed status, as we were aiming to obtain
an overall figure of the potential number of lives saved.

The association between EMS response time and
30-day survival is affected by many factors and extrap-
olation to other populations must be done with caution.
However, international consensus guidelines in cardiac
arrest management are well established®® and widely
spread. Due to the similarities in OHCA management,
applying our results to the US populations could still
be of interest. Approximately 350 000 cardiac arrests
occur in the United States each year*® and the mean
ambulance response time was around 8.5 minutes in
2014.4" Our model estimates 48 300 survivors from
350 000 out-of-hospital cardiac arrests, if the am-
bulance response time is 8.5 minutes. Reducing the
8.5 minutes to 6 minutes or less would result in 68 250
survivors, according to our model.

The overall effect of a higher density of ambulances
is likely not to be restricted to patients who experienced
OHCA. We already know that patients who suffer an
OHCA in the presence of an EMS crew have a higher
chance of survival than bystander-witnessed cases.*
Shortening the EMS response time is not only likely to in-
crease the proportion of EMS-witnessed OHCA cases, it
also has the potential to prevent the actual occurrence of
a cardiac arrest. An estimation of the potential benefits of
an increased density of ambulances for patients with other
medical emergencies, as well as possible positive effects
on the working conditions of EMS crews, is warranted.

CONCLUSIONS

Survival to 30 days after a witnessed OHCA de-
creases as ambulance response times increase. This
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correlation was seen independently of initial rhythm
and whether CPR was performed before EMS-crew
arrival.

LIMITATIONS

It is possible that hospital interventions, such as percuta-
neous coronary interventions and therapeutic hypother-
mia, are not equally distributed in the different categories
of EMS response time and may thereby confound our re-
sults. We have no reason to believe that this potential bias
would affect our analysis other than marginally.

The study period from 2008 to 2017 covers 3 differ-
ent periods of CPR guidelines. This introduces another
possible confounder in our investigation, since the use
of the different guidelines is not necessarily equally dis-
tributed between the different groups of response time.

Neurologic outcome, measured as CPC, had a re-
markably high degree of missing data, and selection
bias is to be expected since it is reasonable to believe
that follow-up is more often successful in patients with
a less impaired cerebral performance. Furthermore,
our study was not designed to address the effect of
EMS response time on CPC score.

When analyzing compressions-only CPR, the
amount of missing data was considerable and no di-
rect comparison between compressions-only CPR
and conventional CPR was possible.
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Figure S1. Direct acyclic graph presenting possible factors affecting survival in OHCA.
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Figure S2. The association between EMS response time and 30-day survival, stratified by three
periods of calendar year.
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Figure S3. The association of EMS response time and survival to 30 days for all patients, adjusted
and unadjusted values.
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Figure S4. The association of EMS response time and survival to 30 days among patients receiving

compressions-only CPR before EMS arrival.
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Figure S5. The association between EMS response time and survival to 30 days among patients
found in a shockable rhythm, adjusted and unadjusted values.
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Figure S6. The association between EMS response time and survival to 30 days among patients
found in a non-shockable rhythm, adjusted and unadjusted values.
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Figure S7. The association between EMS response time and survival to 30 days among patients
receiving CPR before EMS arrival, adjusted and unadjusted values.
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Figure S8. The association between EMS response time and survival to 30 days among patients not
receiving CPR before EMS arrival, adjusted and unadjusted values.
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Figure S9. The association between EMS response time and survival to 30 days in pediatric cases
(aged 0-1 year), adjusted and unadjusted values.
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Figure S10. The association between EMS response time and survival to 30 days in pediatric cases
(aged 1-16 year), adjusted and unadjusted values.
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Figure S11. Fully adjusted logistic regression.
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