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Aim To describe the relative impact on survival of the delay from estimated time of
collapse to call for an ambulance among patients who suffer from a bystander
witnessed out of hospital cardiac arrest of a cardiac aetiology.

Methods A majority of all ambulance organizations in Sweden (covering 85% of Sweden
inhabitants) participate in a National survey of out of hospital cardiac arrest.
Results In all there were 9340 patients with a bystander witnessed cardiac arrest of a
cardiac aetiology in whom cardiopulmonary resuscitation (CPR) was attempted par-
ticipating in this survey. Survival at one month among patients with a delay between
estimated time of collapse and call for ambulance of <4 min (median) was 6.9% versus
2.8% among patients with a median of >4 min (P<0.0001). When adjusting for age, sex,
initial rhythm, estimated interval between collapse and start of CPR, place of arrest
and the interval between call for ambulance and arrival of the rescue team, the odds
ratio for survival was 0.70 (0.95% ClI. 0.58-0.84) per unit increase of the natural
logarithm of delay in minutes between collapse and call.

Conclusion Among patients with a bystander witnessed out of hospital cardiac arrest
of a cardiac aetiology increased delay from estimated time of collapse to call for an
ambulance decreased the chance of survival.

© 2003 Published by Elsevier Ltd on behalf of The European Society of Cardiology.

3 Early defibrillation;
4 Early advanced cardiac life support.

Introduction

During the last several decades strong efforts have been

made to improve survival after hospital cardiac arrest. If The first link in this chain is the interval between esti-

a person who suffers from out of hospital cardiac arrest
should have a fair chance to survive various efforts must
be optimal, which are described as the chain of survival.’
The four links are described as follows:

1 Early access;
2 Early bystander CPR;
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mated time of collapse and call for an ambulance. As com-
pared with the other links of the chain of survival, the
relative importance of the first link is less well described in
the literature and was only approached by a few authors.?3
Various weak elements in this link in the chain of survival
have been identified.* The ideal situation would be that
patients or bystanders decide to call for an ambulance prior
to the cardiac arrest because of warning symptoms.
However, it has been shown that such patients have
less often a shockable rhythm.®> This report aims at
describing the relative impact on survival of the delay

on behalf of The European Society of Cardiology.
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from estimated time of collapse to call for an ambulance
among patients who suffer from a bystander witnessed
out of hospital cardiac arrest of a cardiac aetiology in
Sweden.

Methods

This study is based on material collected by the Swedish Cardiac
Arrest Registry, which is a collaboration between The Federation
of Leaders in Swedish Ambulance and emergency services
(FLISA) and the Working group on CPR within the Swedish Society
of Cardiology. Since 1993 the registry has been funded by The
National Board of Health and Welfare. The registry, which is
voluntary, started in 1990 with a few ambulance services. It has
been successively joined by more and in 1995 the registry was
based on reports from 57 ambulance services. At the end of the
collection period the registry covers 85% of the total population
in Sweden.

Patients

As a rule patients with a cardiac arrest for whom the ambulance
was called were included in the registry. Patients who had
obviously been dead for a long time and whose bodies were not
brought to hospital by the ambulance crew were excluded. For
the others, a standardized form was completed by the ambu-
lance crew. In this survey, crew witnessed cases, non witnessed
cases, cases with a non cardiac aetiology and patients in whom
CPR was not started were excluded. Patients who suffered from
cardiac arrest within the hospitals in the community were not
included. However, sometimes the ambulance was called upon
to service houses and other institutions and these patients were
included in the survey.

Study design

For each case of out-of-hospital cardiac arrest, the ambulance
crew filled in a form with information such as age, place of
arrest, probable background to the arrest, bystander occupation
and a standardized description of the resuscitation procedure,
including intervention times and interventions such as
bystander-CPR (a bystander was defined as someone starting
CPR before the arrival of the first ambulance, regardless of
profession), defibrillation, intubation, drug treatment and
status at the first contact.

In ambulances with manual defibrillators, the rhythm was
defined as ventricular fibrillation (VF), pulseless electrical
activity (PEA) or asystole. For automated external defibrillators
(AEDs), the rhythm was defined as shockable rhythm (ventricular
fibrillation (VF)) or non-shockable rhythm. In this study, VF
includes patients with pulseless ventricular tachycardia (VT).

To establish the time of cardiac arrest in witnessed cases,
the ambulance crew was instructed to interview the bystanders
about the delay from arrest to call. It was stressed in written
instructions that a maximum effort had to be made to obtain
these times. The ambulance crew recorded the time of arrival at
the patients’ side, the time of starting CPR, the time of the first
defibrillation, the time of a palpable pulse, the time of starting
transport to hospital and arrival at hospital. The number of
direct current (DC) shocks was recorded. The ambulance crew
also classified the aetiology of the arrest in nine different
diagnostic categories (heart disease, lung disease, trauma, drug
overdose, suicide, drowning, suffocation, sudden infant death
syndrome (SIDS) and other) based on clinical assessment and
bystander information. Their diagnosis was accepted for this

study and no further control was made among initial survivors
during hospitalization.Immediate outcome was reported by the
ambulance crew as dead on arrival, dead in the emergency room
(ER) or admitted alive to hospital.

The form was filled in during and immediately after the acute
event. Each form was sent to the medical director and a copy
was sent to the central registry in Goteborg. Another copy was
subsequently sent with additional information about whether
the patient was dead or alive after one month. If there was
uncertainty about survival this was controlled according to the
National Registry of Deaths. All data were computerized in a
data base in Goteborg.

No absolute validation of adherence to the protocol was
performed, as it would have been extremely complicated and
expensive to do this in 57 different ambulance districts. Instead,
a questionnaire was sent to all the medical directors of the
ambulance organizations participating in the registry. They were
asked to estimate the accuracy of the representation of the
study population. They estimated the percentage of the study
population that was wrongly omitted from the study in their own
district. Percentage values from this survey varied from 0% to
30% (mean 5%).

Statistical methods

Descriptive statistics

Distribution of variables are represented as percentages and
meansstandard deviation. Patients were divided into two groups
of equal size according to the median delay between time of
cardiac arrest and call for ambulance. Information on 1-month
survival was available in 98% of all cases.

Statistical analyses

For comparison between the two groups e.g. patients with a
delay between cardiac arrest and call <median and >median
regarding continuous variables Fisher's non-parametric permu-
tation test® was used. For comparison of dichotomous variables
between groups, Fisher’s exact test was used. Significance level
in the study was P<0.01.

Multivariate statistical analyses

Since we aimed at describing the relative impact of the esti-
mated interval between collapse and call for ambulance on one
month survival when other confounders were taken into account
all variables listed in Table 1 were included in a multivariate
analysis. They were defined as follows:

1 Age (year);

2 Sex (women, men);

3 Natural logarithm of estimated interval between collapse and
start of CPR (in minutes);

4 Ventricular fibrillation on admission of the ambulance crew
(yes, no);

5 Cardiac arrest at home (yes, no);

6 Natural logarithm of interval between call for and arrival of
the rescue team (in minutes);

7 Natural logarithm of estimated interval between collapse and
call for ambulance (in minutes).

Due to missing information in some of the variables the
multivariate analysis only included 79% of possible cases.

Results

This survey includes the time between 1990 and 2001.
The mean annual number of patients included in the
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Table 1

Age, sex, factors of resuscitation and outcome in relation to the interval between collapse and call for ambulance

Time between collapse and call

<4 min n=4897 >4 min n=4443 p
Age (years; meanzSD) 70.3£12.1 71.0£11.6 0.005
Sex (women; %) 23.6 23.5 0.909
Initial ventricular fibrillation (%) 53.6 37.8 <0.0001
Cardiac arrest at home (%) 60.1 66.5 <0.0001
Interval between:
Collapse and start of CPR
(meanxSD; min) 8.5+21.0 17.4242.0 <0.0001
(median) 7 15
Call and arrival of rescue team
(mean+SD; min) 7.8+20.5 9.2+31.3 0.010
(median) 6 6
Hospitalized alive (%) 23.9 11.0 <0.0001
Alive 6.9 2.8 <0.0001
%
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Fig. 1

registry was 2553. The highest number was 3323 (1996)
and the lowest was 461 (first year).

In all there were 38 750 patients in the registry.
Among them CPR was started in 30 639 patients (79%).

Among these patients witnessed status was available
in 28 016 cases (91%). Among these patients 15 606
were witnessed by a bystander (56%); 3374 cases were
witnessed by the EMS (12%) and the remaining 9036
patients were non witnessed (32%). Among those wit-
nessed by a bystander information on aetiology was avail-
able in 93%. Among them 77% had a cardiac aetiology.

This survey will only deal with those which were
witnessed by a bystander and were of a cardiac aetiology
and in whom information on the interval between esti-
mated time of collapse and call for ambulance was
available (n=9340), which conformed 84% of all bystander
witnessed cases of a cardiac aetiology.

Cumulative percentage of patients for whom the ambulance was called upon within various time limits after estimated time of collapse.

In Fig. 1 is shown the cumulative percentage of
patients for whom the ambulance was called upon within
various time limits after the estimated time of collapse.

The median delay between collapse and call for
ambulance was 4 min and the median delay between call
for and arrival of the ambulance was 6 min.

In Fig. 2 is shown the proportion of patients with
various delay time between collapse and call for
ambulance.

Age, sex and factors at resuscitation (Table 1)

In this table patients in whom the interval between
estimated time of collapse and call was <the median
(4 min) are compared with those in whom this interval
was >4 min. We thought it was appropriate to divide the
cohort into two groups according to the median. The two
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Fig. 2 Distribution of patients according to estimated interval between collapse and call for ambulance.
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Fig. 3 Relationship between survival and interval between collapse and call among patients with a bystander witnessed out of hospital cardiac

arrest.

groups did not differ with regard to sex, but those with a
shorter interval were younger.

Patients in whom the interval was <4 min had a shorter
interval between collapse and start of CPR, more often
had ventricular fibrillation as the initial arrhythmia, less
often suffered from the cardiac arrest at home, and
finally had a shorter interval between call for ambulance
and arrival of the rescue team.

Among patients who received bystander CPR the
median delay from collapse to call for an ambulance was
4 min vs 5min among patients who did not receive
bystander CPR (P=0.001).

Survival (Table 1, Fig. 3)

In Table 1 and Fig. 3 is shown that there was a strong
association between the interval between collapse and
call for an ambulance and survival 30 days after cardiac
arrest.

Multivariate analysis

When adjusting for age, sex, initial rhythm, estimated
interval between collapse and start of CPR, place of
arrest and the interval between call for ambulance and
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Fig. 4 Change in median interval between collapse and call for an ambulance over time.

arrival of the rescue team the odds ratio for survival was
0.70 (95% Cl 0.58-0.84) per unit increase of the natural
logarithm of delay in minutes between collapse and call.

Change in the interval between estimated time
of collapse and call for ambulance between
1991 and 2001 (Fig. 4)

The median interval between estimated time of collapse
and call for an ambulance remained similar over time.

Discussion

There is an ongoing debate about which are the most
important factors for survival among patients who suffer
from an out of hospital cardiac arrest.

It has been convincingly shown that the delay time
from estimated time of collapse until defibrillation is of
ultimate importance among patients who are found in
ventricular fibrillation.”-®

Furthermore it has been shown that the interval
between estimated time of collapse and start of CPR also
is of ultimate importance for survival among all patients
in whom CPR was started® and among patients who
received bystander CPR.

If CPR is not initiated prior to arrival of the rescue
team, then both the delay to defibrillation as well as the
delay to start of CPR ought to be strongly influenced by
the first link in the chain of survival i.e the delay between
cardiac arrest to call for an ambulance.

Some have suggested that it is not meaningful to
record this link since the time of collapse can not be
measured accurately."" It seems reasonable to think that
in a small number of out of hospital cardiac arrest
patients the time of out of hospital cardiac arrest was
accurately measured and that in the majority this
time was estimated. Unfortunately, we do not know the

distribution of patients in these two groups. One can
assume that standardization of measurement of this time
delay was not consistent.

An important observation in this survey was that the
interval between collapse and call for ambulance con-
formed 40% of the overall delay between collapse and
arrival of ambulance. Thus, if only measuring the interval
between call for and arrival of the ambulance a little bit
more than half of the overall delay time from collapse
until arrival of the ambulance would be included in the
analysis.

We found that the interval between estimated time
of collapse and call for ambulance independent of
the interval between collapse and start of CPR and the
interval between call for and arrival of the ambulance
significantly influenced the chance of survival.

Our survey clearly indicated that patients in whom the
interval between collapse and call for ambulance was
shorter had a more favourable risk profile. Thus, they had
a shorter interval between collapse and start of CPR,
they had a higher occurrence of ventricular fibrillation, a
shorter ambulance response time and they less frequency
suffered from cardiac arrest at home.

However, one might argue whether the higher occur-
rence of ventricular fibrillation at least to some extent
was caused by the fact that delay to call for ambulance
was short (the earlier the rhythm analysis is performed
after cardiac arrest the higher is the likelihood of finding
the patient in ventricular fibrillation). One can assume,
that to some extent a short delay between collapse
and call for ambulance is a surrogate marker for early
defibrillation.

We had hoped that the delay from collapse to call
would be much shorter among patients who received
bystander CPR, since in Sweden standardized education
to lay people as well as medical professionals highlights
the importance of immediately dialling 112 if suspecting
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a cardiac arrest. However, the delay to call was only
marginally shorter in this subset of patients indicating
that perhaps the CPR education in Sweden does not
underscore this aspect enough.

Our data support the importance of trying to shorten
the first link in the chain of survival as much as possible.
Previous efforts have been less successful.'?

There are two ways to achieve this goal:

a To initiate mass media campaigns in order to educate
people about the importance of quickly dialling 112 if
they suspect a cardiac arrest.

b To, when giving CPR courses to lay people even further
stress the importance of ‘phone first’.

One way of approaching this problem is to initiate
educational campaigns in order to educate people to
quickly dial 112 if suffering from acute chest pain. A few
of these patients will suffer from ventricular fibrillation
prior to hospital admission. However, such educational
campaigns have not shown to increase survival.'?7®

Limitation

This survey was an observational study and not a random-
ized trial. Therefore, one cannot exclude the possibility
of bias (unknown factors which influence the final
results).

As previously stated, there are often difficulties to
accurately estimate the time of collapse. Therefore,
we consistently use the formulation estimated time of
collapse.

The proportion of patients of those who were alive
30 days after cardiac arrest who were neurologically
intact was not known.

The number of patients excluded from the analysis
was only estimated by each ambulance organization.

Conclusion

With each minute of increased delay from estimated time
of collapse to call for an ambulance in out of hospital
cardiac arrest the chance of survival decreased substan-
tially. Thus, in all cases of cardiac arrest regardless
whether it is ventricular fibrillation or asystole it seems
appropriate to recommend: ALERT, then start CPR when
there is only one witness. If there are more than one
witness one can ALERT and one start CPR. Delay from
collapse to call for an ambulance conformed 40% of the
overall delay from collapse to arrival of the ambulance.
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