
Resuscitation 51 (2001) 113–122

Survival models for out-of-hospital cardiopulmonary resuscitation
from the perspectives of the bystander, the first responder, and the

paramedic

Reinier A. Waalewijn a,b,*, Rien de Vos b,c, Jan G.P. Tijssen a, Rudolph W. Koster a,b

a Department of Cardiology, Academic Medical Center, Uni�ersity of Amsterdam, F4-143, PO Box 22700,
1100 DE Amsterdam, The Netherlands

b Resuscitation Committee, Academic Medical Center, Uni�ersity of Amsterdam, Amsterdam, The Netherlands
c Clinical Epidemiology & Biostatistics, Academic Medical Center, Uni�ersity of Amsterdam, Amsterdam, The Netherlands

Received 22 December 2000; received in revised form 7 June 2001; accepted 7 June 2001

Abstract

Survival from out-of-hospital resuscitation depends on the strength of each component of the chain of survival. We studied, on
the scene, witnessed, nontraumatic resuscitations of patients older than 17 years. The influence of the chain of survival and
potential predictors on survival was analyzed by logistic regression modeling. From 1030 patients, 139 survived to hospital
discharge. Three prediction models of survival were developed from the perspective of the different contributors active in
out-of-hospital resuscitation: model I, bystanders; model II, first responders; and model III, paramedics. Predictors for survival
(with odds ratio) were: in model I (bystanders): emergency medical service (EMS) witnessed arrest (0.50), delay to basic
cardiopulmonary resuscitation (CPR) (0.74/min) and delay to EMS arrival (0.87/min); in model II (first responders): initial
recorded heart rhythm (0.02 for nonshockable rhythm), delay to basic CPR (0.71/min and 0.87/min for shockable and
nonshockable rhythms) and to defibrillation (0.83/min), and in model III (paramedics): need for advanced CPR (4.74 for advanced
CPR not-needed), initial recorded heart rhythm (0.05 for nonshockable rhythm), and delay to basic CPR (0.77/min and 0.72/min
for shockable and nonshockable rhythms), to defibrillation and to advanced CPR for shockable rhythms (0.89/min), and to
advanced CPR for nonshockable rhythm (0.85/min). The area under the receiver–operator characteristic curve for model I was
0.763, for model II was 0.848, and for model III was 0.896. Of survivors, 50% had restoration of circulation without need for
advanced CPR. Three survival models for witnessed nontraumatic out-of-hospital resuscitation based on the information known
by bystanders, first responders and paramedics explained survival with increasing precision. Early defibrillation can restore
circulation without the need for advanced CPR. When advanced CPR is needed, its delay leads to a markedly reduced survival.
© 2001 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

The ‘chain of survival’ concept is an excellent way to
describe the sequence of resuscitation actions after an
out-of-hospital cardiac arrest; the chain includes: early
access, early basic cardiopulmonary resuscitation
(CPR), early defibrillation, and early advanced CPR
[1]. The links of the chain of survival, and the role of

the factor time have been qualitatively and quantita-
tively studied in regression models [2–6]. These models
express survival as an outcome parameter, which de-
pended on the independent components of the chain.
However, apparently independent factors such as ob-
servation of ventricular fibrillation as the initial rhythm
and the need for advanced CPR are interlinked with
earlier components in the chain. Basic CPR can main-
tain ventricular fibrillation and delays the transition
into asystole, whereas early defibrillation can restore
the circulation in patients without the need for ad-
vanced CPR [7]. Previous studies described resuscita-

* Corresponding author. Tel.: +31-20-566-2458; Fax: +31-20-
566-6809.

E-mail address: r.a.waalewijn@amc.uva.nl (R.A. Waalewijn).

0300-9572/01/$ - see front matter © 2001 Elsevier Science Ireland Ltd. All rights reserved.
PII: S 0 3 0 0 -9572 (01 )00407 -5



R.A. Waalewijn et al. / Resuscitation 51 (2001) 113–122114

tions where the initial recorded rhythm was ventricular
fibrillation [5,6]. From the community perspective, a
model limited to a subgroup that cannot be identified
from the onset of the collapse is not adequate, when
other rhythms or asystole are not included in the
model.

Our study was initiated to assess the effects, on
survival, of the components of out-of-hospital resusci-
tations with information known by each of the three
contributors to the care: the bystanders who can per-
form basic CPR, the first responders who can perform
defibrillation, and the paramedics who can perform
advanced CPR. Data collection was carried out by
specially trained research personnel at the scene during
resuscitation to ensure accurate determination of all
critical time intervals and recorded activities.

2. Patients and methods

2.1. Emergency medical ser�ice system

The emergency medical service (EMS) for Amster-
dam and the surrounding region is a one-tiered system,
which serves 1.3 million inhabitants. The service can be
called via the national emergency telephone number
112, which is connected to the regional dispatch cen-
ters. The Dutch ambulance teams are qualified to per-
form advanced CPR according to the guidelines of the
European Resuscitation Council [8].

2.2. Study design

Between 1 June 1995 and 1 August 1997, all consecu-
tive out-of-hospital witnessed, nontraumatic cardiac ar-
rests of patients older than 17 years of age were
recorded. All patients were followed-up to hospital
discharge or up to death. For the definitions of terms,
we used ‘the Utstein Recommendations’ [9]. Ethics
committees of the participating hospitals approved the
study. A subset of the data, limited to cardiac origin of
the arrest but including unwitnessed arrests, has previ-
ously been published in Utstein style [10].

2.3. Data collection and time analysis

Specially trained research personnel collected data on
the scene of the cardiac arrest as has been described in
more detail previously [10]. Briefly, when the dispatcher
processed a call of a suspected arrest, EMS and re-
search personnel were simultaneously activated. All in-
formation from the family, bystanders and EMS
personnel was collected, with particular attention to
accurately estimating the time of collapse, and the
moments that basic and advanced CPR were started.
The defibrillator ‘power on’ time was taken as the

moment of arrival of the EMS personnel at the pa-
tient’s side. The ‘initial rhythm’ was the first recorded
rhythm after collapse. If that rhythm was ventricular
fibrillation or ventricular tachycardia, treated with a
defibrillatory shock, it was classified as a shockable
initial rhythm. All other rhythms, asystole included,
were considered nonshockable initial rhythms. The time
of defibrillation was automatically recorded, other
events were manually marked on the defibrillator. The
first advanced CPR intervention was endotracheal intu-
bation, or the first administration of drugs. The differ-
ence between time stamps of defibrillators and other
clocks were corrected to the clock of the dispatch
center.

Information on the cause of death of the patients or
hospital survival was obtained from the hospital’s med-
ical records.

2.4. Time inter�al and definitions

‘Time to call’ was defined as the interval between the
estimated moment of the collapse and the moment that
the call reached the dispatch center. Similarly, ‘time to
basic CPR’, ‘time to EMS arrival’, ‘time to first defibril-
latory shock’ and ‘time to advanced CPR’ were all
defined as intervals starting at the moment of collapse.
When a patient collapsed after the call but before
arrival of the EMS personnel, this was coded as ‘call
before collapse’; a collapse after their arrival was coded
as ‘EMS witnessed arrests’. When no bystander per-
formed CPR, ‘time to basic CPR’ was the time up to
EMS-initiated basic CPR. ‘Advanced CPR not per-
formed’ was defined when advanced CPR efforts were
needed, but not accomplished. If, after defibrillation,
stable circulation returned immediately before ad-
vanced CPR measures (including intubation or intra-
venous drugs) were applied, this was defined as
‘advanced CPR not needed’. Survival was defined as
discharge alive from hospital.

2.5. Statistical methods

In univariate analysis of survival, all system charac-
teristics were categorized in discrete intervals for the
calculation of odds ratios (OR) with 95% confidence
interval (CI). The characteristics of the chain of sur-
vival (‘time to call’, ‘time to basic CPR’, ‘time to first
defibrillatory shock’, ‘time to advanced CPR’) were
fitted univariate in a logistic model describing survival
by time (min).

In multivariate analysis of survival, three models
were designed to describe all witnessed arrests from the
perspective of three different contributors active in
resuscitation: model I, bystanders; model II, first re-
sponders; and model III, paramedics.
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Model I concerned variables known before rhythm
diagnosis; therefore, we evaluated ‘EMS witnessed ar-
rests’, ‘call before collapse’, ‘time to call’, ‘time to basic
CPR’ and ‘time from basic CPR to EMS arrival’.

Model II added variables known at the time of
rhythm diagnosis and the first defibrillatory shock:
‘time to basic CPR’*‘shockable initial rhythm’, ‘time to
basic CPR’*‘nonshockable initial rhythm’ and ‘time
from basic CPR to the first defibrillatory shock’.

Model III added variables known at the time ad-
vanced CPR was considered: ‘advanced CPR not
needed’, ‘advanced CPR not performed’, ‘time from
basic CPR to start advanced CPR’ for a patient with a
nonshockable initial rhythm and ‘time from the first
defibrillatory shock to start advanced CPR’.

The logistic modeling is described in more detail in
Appendix A. For the final models, we used stepwise
elimination of potential predictors and interaction
terms. Elimination was based on the significance of
each variable in the model and the significance in
change of the log-likelihood, both were tested with the
chi-square statistic and P�0.05. The predictive ability
of the three models was assessed with the area under
the receiver–operator characteristic (ROC) curve
(AUCROC). The probability of observed survival versus
expected survival was analyzed according to the Hos-
mer–Lemeshow Goodness-of-Fit test [11].

All statistics were performed in JMP 3.2 [12] and the
ROC analysis in SPSS 6.1 [13] for the Apple
Macintosh.

3. Results

3.1. Study population

In the study period, 1285 patients had a resuscitation
attempt by EMS personnel after a cardiac arrest; 255
did not meet the study criteria (Fig. 1). Median time
between collapse and call, initiation of basic CPR, first
defibrillatory shock and advanced CPR measures were
1, 2, 11 and 13 min, respectively. Of the 1030 studied
patients, 324 (31%) survived up to the time of hospital
admission: 185 of these 324 patients (62%) died in the
hospital, 115 patients as a direct consequence of the
circulatory arrest (ischemic encephalopathy, multiple
organ failure), 65 patients died of the primary cause of
the arrest, and 5 patients died of another cause. Eventu-
ally, 139 patients (13%) were discharged alive from the
hospital.

3.2. Uni�ariate prediction of sur�i�al

The system characteristics in relation to survival are
presented in Table 1. The odds ratio for survival de-
creased when the time between collapse and each factor
increased of the 783 bystander witnessed arrests. The
call for assistance was delayed more than 2 min in 36%
of these cases, with detrimental outcome. In 55% of the
bystander witnessed arrests, a bystander performed
CPR, resulting in a survival of 66/476 (14%) compared
with a survival of 22/397 (6%) when no bystander CPR

Fig. 1. Template of 1285 out-of-hospital resuscitation attempts in the Amsterdam area recorded in 26 months. Bystander CPR were basic CPR
efforts carried out by lay persons before EMS arrived. EMS, emergency medical service; CPR, cardiopulmonary resuscitation.
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Table 1
Univariate analysis of predictors of the system characteristics categorized in discrete intervals: time (min) to call, basic CPR, first defibrillatory
shock, and advanced CPR (n=1030)

Alive/total (n/n) Odds ratio (95% CI)Survival (%)

Time to call
51/157 3.27 (2.10–5.11)EMS witnessed arrests 32
13/8615 1.21 (0.63–2.34)Call before collapse

130–1 51/398 —a

2 17/17310 0.74 (0.41–1.32)
7/2163 0.23 (0.10–0.51)�2

Time to basic CPR
0–3 22 110/511 —a

16/15510 0.42 (0.24–0.73)4–7
68–11 11/200 0.21 (0.11–0.40)

�11 1 2/164 0.05 (0.01–0.18)

Time to first defibrillatory shock
51/71 —a0–4 72
16/5430 0.17 (0.08–0.36)5–8

179–12 34/197 0.08 (0.04–0.15)
1013–16 17/169 0.04 (0.02–0.09)

5/876 0.02 (0.01–0.07)�16
4Nonshockable initial rhythm 16/452 0.01 (0.01–0.03)

Time to ad�anced CPR
Not needed 70/8384 19.0 (8.35–43.4)

15/68 —a0–4 22
4/508 0.31 (0.10–0.99)5–8

89–12 12/152 0.30 (0.13–0.69)
1013–16 25/258 0.38 (0.19–0.77)

12/3823 0.11 (0.05–0.26)�16
3Not performed 1/37 0.20 (0.01–0.78)

a Reference group, CI=confidence interval, EMS=emergency medical service, CPR=cardiopulmonary resuscitation.

was performed (relative risk, 2.5; 95% CI, 1.6–4.0).
Patients who needed no advanced CPR had the best
chance to survive (84%). Fifty-two percent of the pa-
tients that did not need advanced CPR were defibril-
lated within 4 min. When advanced CPR was needed
but not performed, survival was comparable with that
of patients with the longest delays in advanced CPR.

Fig. 2 shows the estimated survival as function of the
time between collapse and each component of the chain
of survival: (A) call, (B) basic CPR, (C) defibrillation,
and (D) advanced CPR in a logistic univariate model.
Each shows a marked decrease in survival with longer
time intervals.

3.3. Multi�ariate prediction of sur�i�al

For model I (bystanders), factors that were known to
the bystander up to the arrival of a first responder, and
are significant predictors of survival, are presented in
Table 2. Per minute delay of initiating basic CPR, the
odds of survival decreased with a factor 0.74. When
basic CPR was performed before arrival of EMS, the
odds of survival decreased by a factor of 0.87/min (Fig.
3A). When EMS witnessed the arrest, the estimated
survival was 32%, lower than the intercept of model I,

which represents the model-derived arrival of EMS
without delay, with an estimated survival of 49%. ‘Time
to call’ and ‘call before collapse’ were not significant
predictors.

For model II (first responders), significant predictors
of survival, known to the first responder, are presented
in Table 2. Survival declined faster before (OR, 0.71/
min) than after basic CPR was started (OR, 0.83/min)
(Fig. 3B). ‘Time to call’, ‘call before collapse’ and ‘EMS
witnessed arrests’ were no significant predictors.

For model III (paramedics), significant predictive
factors, known after arrival of the paramedics, are
presented in Table 2. When advanced CPR was not
needed, because spontaneous circulation returned im-
mediately after the first defibrillations, survival was
84%. In the best imaginable situation in cases in which
advanced CPR was needed, the survival was 57% (Fig.
3, intercept of C). A shockable initial rhythm was
superior in survival over a nonshockable initial rhythm
(Fig. 3C,D). In the patients with a shockable initial
rhythm, and when advanced CPR was necessary, three
different time intervals occurred: ‘time to basic CPR’,
‘time from basic CPR to shock’ and ‘time from shock
to advanced CPR’. The latter two time intervals had
similar significant estimates (0.11 and 0.13) in the
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model, and were therefore merged into a common
interval from basic CPR to advanced CPR. ‘Time to
call’, ‘call before collapse’, ‘EMS witnessed arrests’ and
‘advanced CPR not performed’ were not significant
predictors of survival.

3.4. Testing of sur�i�al models

The predictive abilities of the three models were
compared by comparing the area under the ROC curve.
For model I, the AUCROC was 0.763; for model II, it
was 0.848; and for model III, it was 0.896. The calcu-
lated expected survival for the three models and the
observed survival are shown in Fig. 4.

4. Discussion

The aim of our study was to design comprehensive
survival models for out-of-hospital resuscitations. Be-
sides this, new findings in this study were the many calls
with long delays after collapse with associated poor
outcome, the independent effect of a delayed start of
basic CPR on survival, and the observation that one-
half of the survivors had restoration of circulation
without the need for any advanced CPR measures after
defibrillation.

4.1. Early call

Since delay is the most important determinant of
survival of out-of-hospital resuscitation, this study
demonstrates that the time interval between collapse
and call should not be ignored but be stressed in public
education. Univariately, there was a strong relation
between the delay of the call and survival. However,
‘time to call’ disappears in the multivariate analysis,
probably because it effects the delay to defibrillation
and advanced CPR together. For an accurate estima-
tion of survival, timing should start at the moment of
collapse and therefore not ignoring the ‘time to call’, as
is also required in the Utstein system of reporting
out-of-hospital arrest.

4.2. EMS-witnessed arrest

If EMS personnel witnessed the arrest, survival was
worse than with the model-extrapolated situation where
EMS personnel could start resuscitation within half a
minute. Explanation for this apparent contradiction is
that patients with pre-arrest symptoms who call for an
ambulance before the arrest differ from those who had
a sudden arrest without premonitory symptoms [14].
When the EMS witnessed the arrest, 63% of the pa-
tients had a nonshockable initial rhythm, whereas in
bystanders witnessed arrest this was only 40% (P�
0.001; Fig. 1).

4.3. Early basic CPR

Model I demonstrates that the delay to start of basic
CPR has a great impact on survival. A delay in basic
CPR of more than 3 min already results in decrease in
survival of about 50%. This delay is the result of
confusion and anxiety of the witness, attempts to alert
neighbors, family, or the general practitioner and the
call to the dispatch center before basic CPR is started.
Although some of this delay is unavoidable, basic CPR
teaching should pay attention to this. Studies should
not only mention the mere performance of basic CPR,
but also the delay to start of basic CPR to allow
meaningful comparison between studies.

4.4. Early defibrillation

We found a sometimes prolonged time delay between
defibrillation and the first advanced CPR intervention.
This enabled us to design survival models as if there
was a two-tiered EMS system, describing first-respon-
der defibrillation before arrival of the second tier. The
importance of first responder defibrillation is demon-
strated by model II. In the most ideal circumstances,
defibrillatory shocks are given immediately after onset
of ventricular fibrillation; in this case, the outcome

Fig. 2. Univariate logistic regression panels of the four components
represent the chain of survival: (A) the time to call, (B) the time to
basic CPR, (C) the time to the first defibrillatory shock, and (D) the
time to advanced CPR. The intercept with the Y-axis represents the
calculated survival when the time to the activity was 0 min. Survival
was reduced by 50% (arrows) for each when the interval to the
initiation was 2, 4, 7 and 9 min, respectively.
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Table 2
Prediction of survival from out-of-hospital resuscitations, from the perspective of the bystander (model I), the first responder (model II) and the
paramedic (model III) (n=1030)

Odds ratio (95% CI) P valueCoefficient

Model I
Intercept −0.04 0.913

0.50 (0.24–1.02)−0.70 0.057EMS witnessed arrestsa

−0.30Time to basic CPRb 0.74 (0.68–0.81) �0.001
Time from basic CPR to EMS arrivalb −0.14 0.87 (0.81–0.92) �0.001

Model II
Intercept 1.13 �0.001
Shockable initial rhythma

−0.34Time to basic CPRb 0.71 (0.66–0.76) �0.001
−0.18Time from basic CPR to shockb 0.83 (0.79–0.88) �0.001

0.02 (0.01–0.04)−3.89 �0.001Nonshockable initial rhythma

Time to basic CPRb −0.13 0.87 (0.77–0.99) 0.035

Model III
0.447Intercept −0.29

Advanced CPR and shockable initial rhythma

Time to basic CPRb 0.77 (0.70–0.84)−0.26 �0.001
0.89 (0.84–0.94)−0.12 �0.001Time from basic CPR to advanced CPRb

−2.97Advanced CPR and nonshockable initial rhythma 0.05 (0.02–0.16) �0.001
−0.33Time to basic CPRb 0.72 (0.51–1.01) 0.054

0.85 (0.73–0.98)−0.17 0.029Time from basic CPR to advanced CPRb

Advanced CPR not neededa 4.74 (1.76–12.7)1.56 0.002

a Binary predictor coded 0 or 1. No estimate if the opposite predictor is also analyzed in each model.
b Continuous predictor per minute delay.

approaches that of the coronary care unit setting. Even
without basic CPR, survival is expected to be 60% if the
defibrillatory shocks is delivered after only 2 min.

4.5. Early ad�anced CPR

Model III includes advanced CPR as the last part of
the chain of survival. Generally, this is already a late
intervention, but delay in advanced CPR resulted in a
further reduction of survival. Advanced CPR was not
required if the earlier components in the chain were
delivered early, and were good indicators of survival. In
8% of the resuscitations (14% of all shockable initial
rhythms), the circulation was restored immediately after
defibrillation without the need for advanced CPR. Fifty
percent of the survivors belonged to this group, which
underscores the value of semi-automatic defibrillators
in the hands of lay persons, and the strategy of placing
semi-automatic defibrillators in airliners and other
places where defibrillation cannot be followed by ad-
vanced CPR [15,16]. In a recent report, six of the 13
patients (55%) who were defibrillated on board an
aircraft survived to discharge, supporting our observa-
tion [17]. Frequently, advanced CPR measures might be
necessary to stabilize the circulation and possibly to
assist in neurologic recuperation.

The models adequately explain hospital survival, al-
though we only included indicators of the prehospital

phase, while many patients died after hospital admis-
sion. Their death was nearly always due to resuscitation
related factors and was seldom due to an unexpected
pathological condition. This is in agreement with other
studies [18,19].

4.6. Comparison with earlier models

Comparing our models with the full and simplified
models of Valenzuela [6] demonstrates two main differ-
ences. The AUCROC and our estimates for time from
collapse to basic CPR and to defibrillation are higher
than of their models. Both suggest an increase of
accuracy of critical time events in our study, explained
by less attenuation and by the use of research personnel
at the scene who collected data prospectively. Correct-
ing time-stamped data for drift of clocks and with time
data from various sources proved particularly neces-
sary. Mean time difference between defibrillator clocks
and standard time was 0 min but the 90% percentile
varied from −3 to +2 min, with extremes of −19 to
+17 min, similar to results from a previous study [20].
Another explanation may be the difference in the mod-
els themselves; in particular, that our models recognize
the dependence of seemingly independent factors, such
as basic CPR and the initial recorded rhythm, and that
we separately incorporate the factor advanced CPR.
When applying a selection of our data, according to
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Fig. 3. Calculated survival as function of time to: EMS arrival (A), model I; first defibrillatory shock (B), model II; advanced CPR in patients
with a shockable initial rhythm (C), model III; and advanced CPR in patients with a nonshockable initial rhythm (D), model III. (A) The rapid
decrease in survival when basic CPR is not started (bold line) and the less rapid decrease when basic CPR is initiated after 0, 2, 4, 6, 8 min (thin
lines) is shown. (B) The large difference in survival between shockable (plain lines) versus nonshockable initial rhythm (dashed line) is shown.
Again, there is a more rapid decrease in survival before basic CPR is started (bold line) than after basic CPR is initiated (thin lines). (C) The
interval from basic CPR to shock, and the interval from shock to advanced CPR had a similar regression coefficient, so both intervals are merged
into one curve (thin lines). For patients with a nonshockable initial rhythm, the next event after basic CPR will be advanced CPR (D). CPR,
Cardiopulmonary resuscitation.

Fig. 4. Hosmer–Lemeshow graphs for the three models, comparing explained and observed survival, categorized in deciles. The graphs show more
differentiation and a wider range in the survival categories from model I to model II, and to model III with better estimates in low and high
probability; this indicates an increase in predictive power.
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their inclusion criteria, we found that their simplified
model was comparable with our model I. However,
their full model overestimated the low survival proba-
bilities and underestimated the high survival probabili-
ties compared with our models II and III. A reason for
this is that their model is designed only for patients in
ventricular fibrillation and that our prediction models
II and III already incorporate some ‘outcome’ variables
as initial rhythm and the necessity for advanced CPR.
This is also clear in the Hosmer–Lemeshow graphic
where the discrimination between the low and high
survival probabilities improved from model I to model
III.

4.7. Study limitations

Not all time events during resuscitation were
recorded; therefore, these had to be estimated. Espe-
cially, the time from collapse to call is difficult to
determine accurately. Specially trained research person-
nel on the scene, who could fully concentrate on recon-
structing the sequence of activities and its delays,
estimated critical time events without bias but with
uncertain precision. Ignoring the time interval from
collapse to call probably leads to more inaccuracy in
the prediction of survival of an out-of-hospital
resuscitation.

Our models are derived from one set of observations
and not separately validated. Applicability of the mod-
els to data from other EMS systems must be verified.
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Appendix A

A.1. Basic properties of the linear logistic model

The linear logistic model relates a probability (P) for
developing the outcome event to the value of a baseline
characteristic (X) using the linear logistic function:
P=1/[1+exp–(a+bX)]. In constructing a model, the
first step is to translate the observed baseline character-
istics into a set of statistical variables X1, X2, …, Xn,
which can be used in the regression model. As an
example, the presence of a nonshockable heart rhythm
(a baseline characteristic with only two categories,
present or absent) is represented by an indicator vari-
able assuming the value 1 if the paramedic diagnoses a

nonshockable heart rhythm on arrival and 0 if a shock-
able heart rhythm is found. This variable actually ‘indi-
cates’ the presence of a nonshockable initial heart
rhythm.

All dichotomous variables (with one exception: ‘Ad-
vanced CPR not needed’) were coded in such a way
that the value 1 was assigned to the state that is
associated with an increased risk of death. The quanti-
tative variable time delay, for instance time to first
CPR, was used in the model with its numeric value. All
candidate variables were entered in the model and
step-by-step eliminated until none of the remaining
variables satisfied the removal criterion (P�0.15).

A.2. Prediction models and time of baseline

The choice of the baseline point in time is essential in
the construction of a prediction model. All information
available at baseline can and should be used when one
predicts the future occurrence of clinical events. In
principle, none of the clinical information that becomes
available later on should be used. In our study, we
chose three different baselines. The models for each of
the baselines have their own interpretation and
application.

First, we chose the witnessed moment of collapse as
baseline. As a consequence, we only used the clinical
information that was (in principle) available to the
witness and/or bystander on scene. In addition, we used
process characteristics of the subsequent care given to
the patient, such as time until start of basic CPR and
time until the arrival of the EMS. For this model
(model I), we considered the following variables: car-
diac arrest witnessed by EMS personnel (yes/no), call to
the EMS already made when the cardiac arrest oc-
curred (yes/no), time elapsed between cardiac arrest
and call to the EMS (minutes), time elapsed between
cardiac arrest and start of (lay) basic CPR (minutes),
and time elapsed between (lay) basic CPR and arrival
of the EMS. Some of the time intervals were manually
set to 0. For instance, when the EMS was already at the
scene when the cardiac arrest occurred, the time to
basic CPR and the time between basic CPR and the
arrival of the EMS were both set to 0. Similarly, when
the call to the EMS had already been made when the
cardiac arrest occurred, the time to call was set to 0.

Second, we chose the time of arrival of the first
responder as baseline. Here, the ‘first responder’ refers
to EMS personnel after checking the patient’s heart
rhythm. Again, we used process characteristics of the
care given to the patient, but this only relates to basic
CPR and the defibrillating capacity of the EMS person-
nel. Thus, the model is equally applicable to the first
responder using an automatic external defibrillator
without further advanced CPR capabilities. For this
model (model II), we tested all variables of the previous
model and added the presence of a shockable heart
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rhythm (yes/no). The analysis indicated that the predic-
tive power of the time elapsed between the cardiac
arrest and the start of basic CPR was substantially
different between patients with and those without a
shockable heart rhythm. As a result a so-called interac-
tion term was introduced in the statistical model. The
statistical interaction translates into two (instead of
one) odds ratios in Table 2. The last variable we
evaluated was the time elapsed between the start of
(lay) basic CPR and the delivery of the first defibrilla-
tory shock. This variable was set to 0 for patients with
a nonshockable heart rhythm.

Third, we chose the time of the decision of advanced
CPR as baseline. This model (model III) predicts the
patient’s probability of survival from the perspective of
the paramedic who can deliver advanced CPR, and
included all information available to the paramedic
when advanced CPR was considered. All variables of
the previous model were also used in this model and we
added the variable ‘advanced CPR not needed’, indicat-
ing the lack of necessity to perform advanced CPR
(yes/no), in the event of return of spontaneous circula-
tion and sufficient respiration before advanced CPR
could be given. For patients initially with a shockable
heart rhythm who needed advanced CPR, we evaluated
the time elapsed between the first defibrillatory shock
and the start of advanced CPR. For patients with
initially a nonshockable heart rhythm, we evaluated the
time elapsed between the start of basic CPR and the
start of advanced CPR.

A.3. Epidemiologic meaning of the regression
coefficients

The regression coefficients have a direct epidemiolog-
ical meaning: each coefficient represents the logarithm
of the odds ratio of survival when all other factors are
controlled. Its antilogarithm is the odds ratio of sur-
vival. As an example, the regression coefficient in model
II for ‘nonshockable rhythm’ is −3.89; its antiloga-
rithm (e−3.98) is 0.02. This means that the odds of
survival is approximately one-fiftieth that of a patient
with a shockable heart rhythm. In model I, the coeffi-
cient for time to basic CPR is −0.30 and that for the
time from basic CPR to the arrival of the EMS is
−0.14. The antilogarithms are 0.74 and 0.87, respec-
tively. This means that the odds of survival is multi-
plied with 0.74 for every minute delay in the start of
basic CPR. In other words, the patient turns in 26% of
his chances of survival for every minute delay in basic
CPR. Every minute delay in the arrival of the EMS,
after the commencement of (lay) basic CPR, is ‘penal-
ized’ with a decrease of 13% in the odds of survival.

The coding for models I and II was such that an
increase in the value was associated with an increased
risk of death. For model III, this was true only for

patients who needed advanced CPR. The intercept rep-
resents the logarithm of the odds of survival when all
co-variables are set to 0. In models I and II (and in
model III for patients requiring advanced CPR), this
represents the best achievable probability of survival,
graphically shown at time 0.
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Portuguese Abstract and Keywords

A sobrevivência em situação de paragem cardio-respiratória (PCR) extra-hospitalar depende da qualidade de cada um dos elos
da cadeia de sobrevivência. Estudámos no local a reanimação (testemunhada) de adultos maiores de 17 anos vı́timas de PCR de
causa não traumática. Analisou-se através de um modelo de regressão logı́stica a influência da cadeia de sobrevivência e dos
factores preditivos na sobrevivência. De 1030 doentes, 139 sobreviveram até á alta hospitalar. Desenvolveram-se 3 modelos de
predicção de sobrevivência, a partir de 3 perspectivas de entidades envolvidas na reanimação extra-hospitalar diferentes. Modelo
I, leigos, modelo II técnicos não diferenciadas responsáveis pela resposta inicial; modelo III, paramédicos. Os factores preditivos
de sobrevivência (com desvio padrão) foram: no modelo I: PCR testemunhada pelos serviços de emergência médica (SEM) (0.50),
atraso no inı́cio do suporte básico de vida (SBV) (0.74/min) e atraso na chegada do SEM (0.87/min); no modelo II: Ritmo
cardı́aco na primeira avaliação (0.02 para ritmos não desfibrilháveis), atraso no SBV (0.71/min e 0.87/min para ritmos
desfibrilháveis e não desfibrilháveis) e na desfibrilhação (0.83/min); e no modelo III: necessidade de Suporte Avançado de Vida
(SAV) (4.74 para as situações sem necessidade de SAV); ritmo cardı́aco aquando da primeira avaliação (0.05 nas situações sem
indicação para desfibrilhação) e atraso no SBV (0.77/min e 0.72/min para ritmos desfibrilháveis e não desfibrilháveis, respectiva-
mente) até á desfibrilhação e ao SAV para ritmos desfibrilháveis (0.89/min) e no de SAV para ritmos não desfibrilháveis
(0.85/min). A área sob a curva de receptor / operador para o modelo I foi de 0.763, para o modelo II 0.848 e para o modelo III,
0.896. Dos sobreviventes, 50% recuperaram a circulação espontânea sem necessidade de SAV. Estes três de modelos de sobrevida
em situações de PCR testemunhada num contexto não traumático, em adultos e em ambiente extra-hospitalar, baseados na
informação de leigos, técnicos não especializados e paramédicos contribuem para analisar melhor as variáveis associadas á
sobrevida . A desfibrilhação precoce pode permitir a recuperação de circulação espontânea sem necessidade de SAV. Sempre que
é necessário SAV, o atraso no seu inı́cio influencia negativamente o prognóstico de forma muito significativa.

Pala�ras cha�e: Paragem cardı́aca testemunhada; Pargem cardio-respiratoria extra-hospitalar; Resultado


