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BACKGROUND: We created a prediction model to be used in cardiopulmonary
resuscitation (CPR) attempts as a decision tool to omit futile CPR attempts and to
save resources.
METHODS: In this post hoc analysis, we assessed predictive parameters for neuro-
logical recovery after successful CPR. The original study was designed as a blinded,
randomized, prospective, controlled, multicenter clinical trial.
RESULTS: We identified 1166 prehospital cardiac arrest patients being treated with
advanced cardiac life support. Seven hundred eighty-six of 1166 patients (67.4%)
died at the scene and 380 of 1166 (32.6%) were brought to the hospital. Two
hundred sixty-five of 1166 patients (22.7%) died in the hospital. One hundred
fifteen of 1166 (9.8%) were discharged from the hospital and 92 of the 115 patients
(80%) could be followed-up. Good cerebral performance was regained by 54% of
discharged patients (50 of 92 patients). In 46% of patients (42/92), unconsciousness
or severe disability remained. Ventricular fibrillation was more likely to have
occurred in patients with good neurological recovery (42/50 � 84.0%), whereas
asystole was more likely in patients with poor neurological recovery (9/42 �
21.4%). A score was developed to predict the probability of death using logistic
regression analysis. Predicting death in the hospital revealed a sensitivity of 99.8%
(953/955), but only a specificity of 2.9% (3/104; threshold 0.5). Predicting survival
until discharge from the hospital revealed a sensitivity of 99% (103/104), but only
a specificity of 8% (72/955; threshold 0.99). A receiver operating characteristic
curve yielded an area under the curve of 0.795 (0.751–0.839) at a confidence interval
of 95%.
CONCLUSION: For out-of-hospital patients with cardiac arrest, parameters docu-
mented in the field did not allow accurate prediction of hospital survival.
(Anesth Analg 2009;109:1196–1201)

Depending on the length of intensive care unit
(ICU) stay and subsequent neurological outcome, re-
sources required by successfully resuscitated cardiac
arrest patients might be enormous. For example, a
quality-adjusted life year after successful cardiopul-
monary resuscitation (CPR) may cost up to $225,000
US, which is about 143,200 euros.1 Therefore, the value
of prehospital CPR efforts may be questioned,2 with a
trend toward optimization of resources to maximize
outcome and minimize costs.3 The possibility to pre-
dict outcome of a patient undergoing a prehospital
CPR attempt on the basis of simple variables such as
age, medical history, ischemia duration, and the initial

electrocardiogram (ECG) rhythm could be very help-
ful for optimization of resource utilization. For eco-
nomic, ethical, social, and legal reasons, it is necessary
to determine the outcome as early as possible.4

Despite numerous efforts, there are no clinically
validated algorithms to identify a cardiac arrest pa-
tient on the scene who should not be resuscitated
because there is no chance for survival and recovery of
a self-determined life.5–8 Any algorithm that might
result in a rapid decision to initiate or continue CPR,
or not to do so, has to be validated with excellent
prediction parameters and meet the highest ethical
standards.9

The purpose of the study was to create a CPR
prediction algorithm that facilitates decision-making
for prehospital CPR attempts to decrease the number
of patients dying in the hospital or remaining in a
vegetative state.

METHODS
The original study was performed in 33 communi-

ties with 44 physician-manned emergency medical
service units in Austria, Germany, and Switzerland
between June 1999 and March 2002 and was designed
as a blinded, prospective, multicenter, randomized,
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controlled clinical trial.10 The criteria for inclusion were
out-of-hospital cardiac arrest in adult patients who pre-
sented with ventricular fibrillation, asystole, or pulseless
electrical activity that required CPR with a vasopres-
sor. Exclusion criteria were successful defibrillation
without a vasopressor, documented terminal illness,
no IV access, hemorrhagic shock, pregnancy, cardiac
arrest after trauma, age younger than 18 yr, or pres-
ence of a do-not-resuscitate order. Patients presenting
with pulseless electrical activity or asystole were ran-
domized immediately, and patients with ventricular
fibrillation were randomized after the first three defi-
brillation attempts failed. When a patient underwent
randomization, either 1 mg of epinephrine or 40 IU of
vasopressin was injected. If spontaneous circulation
was not restored after the second administration of the
study medication within 3 min, the patient was given
additional injections of epinephrine at the discretion
of the emergency medical service physician who was
leading the CPR attempt. The primary end point of the
study was hospital admission and the secondary end
point was hospital discharge rate. There were no
preassigned termination criteria. The emergency
medical service physician was in charge of deciding
whether to continue resuscitative efforts.10

In total, 1219 prehospital cardiac arrest patients
were randomized, but 33 patients were excluded
because of a missing study drug code. Another 20
patients could not be included because of missing
follow-up data, resulting in 1166 included patients.
Those 1166 patients were assigned to three groups for
post hoc analysis: the first group (n � 786) contained
the patients who died on scene, the second group
included the patients who initially survived but died

in the hospital (n � 265), and the third group com-
prised the patients who survived and could be dis-
charged (n � 115; Table 1). Patients who survived to
discharge (n � 92) were evaluated within cerebral
performance categories (CPC)11 (1 � normal life pos-
sible; 2 � moderate disability, able to manage simple
daily life tasks; 3 � conscious but dependent on the
help of others; 4 � vegetative state). As in other CPR
studies, CPC 1 and 2 were categorized as “good” and
CPC 3 and 4 as “poor.”3,12

In the first step of analysis, patients’ characteristics
were compared with the �2 test, Fisher’s exact test,
analysis of variance, or Student’s t-test, as appropriate.
Logistic regression analysis was used to assess factors
which seemed to be of prognostic significance, and a
receiver operating characteristic curve (ROC) was
created. The score developed was not externally vali-
dated. The data were analyzed with the statistical
software package SPSS 15.0.0 (SPSS, Chicago, IL).

RESULTS
Analysis of clinical data, CPR treatment, initial ECG,

assumed reason for cardiac arrest, and drugs that had
been given apart from the study medication showed
significant differences between the groups of patients
who died on scene or in the hospital and those who
could be discharged (Tables 1 and 2). According to
previous studies, there was a survival advantage for
younger patients, patients found in ventricular fibrilla-
tion, and those patients who had a witnessed arrest and
received early basic and advanced life support (ALS). In
terms of neurological outcome, the only difference be-
tween patients who were discharged with good or bad

Table 1. Clinical Data, CPR Logistics, and Initial ECG Rhythm of the Patients Categorized as Died on Scene, Died in Hospital,
and Discharged

n
Died on scene

(n � 786)
Died in hospital

(n � 265)
Discharged

(n � 115) P
Clinical data n � 1166 n � 774 n � 263 n � 114

Age (yr)a 66.5 � 14.6 67.6 � 13.4 60.9 � 12.8 �0.001
Male, n (%) n � 809 564 (71.8%) 164 (61.9%) 81 (71.1%) 0.005
Cardiac arrest (min)a,b 8.7 � 7.3 7.4 � 6.2 5.4 � 4.6 �0.001

Start of BLS CPR* n � 870 n � 535 n � 233 n � 102 �0.001
0–5 minc n � 375 215 (40.2%) 105 (43.8%) 55 (53.9%)
5–10 minc n � 278 159 (29.7%) 83 (35.6%) 36 (35.3%)
�10 minc n � 217 161 (30.1%) 45 (19.3%) 11 (10.8%)

Start of ACLS CPR† n � 1135 n � 769 n � 255 n � 111 �0.001
0–5 minc n � 115 56 (7.3%) 38 (14.9%) 21 (18.9%)
5–10 minc n � 275 158 (20.6%) 76 (29.8%) 41 (40.2%)
�10 minc n � 745 555 (72.2%) 141 (55.3%) 49 (48.0%)

Initial ECG rhythm n � 1166 n � 786 n � 265 n � 115
VF, n (%)c n � 464 262 (33.3%) 116 (43.8%) 86 (74.8%) �0.001
Asystole, n (%)c n � 519 398 (50.4%) 105 (36.6%) 16 (13.9%) �0.001
PEA, n (%)c n � 183 126 (16.0%) 44 (16.6%) 13 (11.3%) 0.385

BLS CPR � basic life support provided by professional emergency medical services or bystander; ACLS CPR � advanced cardiac life support provided by a physician; VF � ventricular fibrillation;
PEA � pulseless electrical activity.
a Mean values � standard deviation (SD) are presented and analysis of variance was applied.
b Died on scene versus died in hospital, P � 0.036; died on scene versus discharged, P � 0.001; all other subgroup analyses, P � 0.05.
c Frequencies are presented and �2 test was applied.
* All-pairwise comparison (0–5 min to 5–10 min, P � 0.767; 0–5 min to �10 min, P � 0.001; 5–10 min to �10 min, P � 0.001).
† All-pairwise comparison (0–5 min to 5–10 min, P � 0.284; 0–5 min to �10 min, P � 0.001; 5–10 min to �10 min, P � 0.001).
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neurological outcome was ventricular fibrillation or
asystole in the initial ECG, as well as sodium bicarbonate
administration (Table 3).

The variables such as age, body mass index, gender,
time until initiation of ALS, ventricular fibrillation,
asystole, pulseless electrical activity, additional medi-
cation, preexisting morbidities, number of defibrilla-
tion attempts, witnessed arrest, and bystander CPR
were used for a final logistic regression model (Table
4). However, this model did not produce good predic-
tive values. Cox and Snell (0.098) and Nagelkerke R2

(0.207) statistics for evaluation of explanatory vari-
ables in predicting nondischarge were comparatively
low. The Hosmer-Lemeshow test (P � 0.318) did not
indicate a lack of fit of the overall model, but predic-
tion of death or survival under a classification table
showed either good sensitivity and bad specificity or
vice versa. Discrimination of the scoring was also as-
sessed using an ROC curve (Fig. 1); the ROC curve based
on logistic regression (Table 4) showed an area under the
curve of 0.795 (0.751–0.839) at a confidence interval of
95%. It was significantly different from random predic-
tion (0.5; P � 0). Prediction models including only
significant variables using a “forward-qualified method”
did not provide improved results. A potential discrimi-
nator for predicting death was 0.5, revealing a sensitivity
of 99.8% and a specificity of 2.9%.

DISCUSSION
In Europe and the United States, about 480,000

patients per year die in hospitals after initially success-
ful CPR. This is reflected in approximate costs of $2.16

billion US, about 1.38 billion euros based on a conser-
vative calculation of $3000 US in costs per day and an
average ICU stay of 3 days.

ICUs are the most expensive areas of any hospital and
may account for approximately 20% of the total costs of
hospitals.1,2 Therefore, it is absolutely necessary to moni-
tor resources in ICUs very closely. Furthermore,
through the aging of the Baby Boom population, the
average age of intensive care patients is increasing
close to or even beyond the 70s, whereas budgets get
more and more restrictive. If intensive care budgets
became more restrained, the increasing demand for
cost-intensive therapeutic actions will lead to worse
quality of treatment, economic crisis, or restriction of
treatment. This raises the question of whether we can
still afford maximum treatment for each critically ill or
injured patient.

We hoped to address these problems by creating an
algorithm that facilitates decision-making for prehos-
pital CPR attempts. However, with our simple param-
eters for a prehospital scoring algorithm, it was not
possible to predict either the survivors (to optimize
therapy) or the patients who would die (to discuss early
withdrawal of therapy). At a discrimination value (thresh-
old) of 0.5, dying patients were predicted well, with 953 of
955 nonsurviving patients (99.8%) being recognized
correctly. At the same time, 101 of 104 survivors
(97.1%) would not have been classified correctly as
survivors, indicating a sensitivity of 99.8% but a
specificity of only 2.9%. At a discrimination value of
0.99, almost all survivors would have been recognized
correctly (103 of 104; 99.0%) but at the same time, 883

Table 2. Logistic Data, Assumed Cause, Additional Drugs, Number of Preexisting Morbidities and Defibrillation Attempts of the
Patients, Categorized as Died on Scene, Died in Hospital, and Discharged

n � 1166
Died on scene

(n � 786)
Died in hospital

(n � 265)
Discharged

(n � 115) P
Cardiac arrest

Witnessed, n (%)a n � 906/1056 568 (72.2%) 237 (89.4%) 101 (87.8%) �0.001
BLS, n (%)a n � 216/1166 142 (18.1%) 41 (15.5%) 33 (28.7%) 0.015

Assumed reason
Myocardial infarctiona n � 505 350 (44.5%) 103 (38.9%) 52 (45.7%) 0.007
Dysrhythmiaa n � 205 116 (14.8%) 60 (22.6%) 29 (25.2%) 0.014
Pulmonary embolisma n � 115 88 (11.2%) 26 (9.8%) 1 (0.9%) 0.001
Unknowna n � 341 232 (29.5%) 76 (28.7%) 33 (28.7%)

Additional drugs
Sodium bicarbonatea n � 397 264 (33.6%) 100 (37.7%) 33 (28.7%) 0.199
Atropinea n � 286 208 (26.5%) 62 (23.4%) 16 (13.9%) 0.012
Lidocainea n � 224 112 (14.3%) 68 (25.7%) 44 (38.3%) �0.001
Amiodaronea n � 159 84 (10.7%) 54 (20.4%) 21 (18.3%) �0.001
Thrombolysis 2 n � 99 54 (6.9%) 31 (11.7%) 14 (12.2%) 0.017

Number of preexisting
morbidities

0a n � 545 356 (45.3%) 123 (46.4%) 66 (57.4%) n/a
1a n � 403 279 (35.5%) 88 (33.2%) 36 (31.3%) n/a
2a n � 167 116 (14.8%) 41 (15.5%) 10 (8.7%) n/a
�3a n � 51 35 (4.5%) 3 (4.9%) 3 (2.6%) n/a

Defibrillation attempts
�9 n � 183 129 (16.4%) 36 (13.6%) 18 (15.7%) n/a

Numbers are given for known data.
n/a � not applicable because of pooling; BLS � basic life support provided by bystander and health professionals before advanced cardiac life support (ACLS).
a Frequencies are presented and �2 test was applied.
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of 955 patients (92.5%) who died would not have been
classified correctly. This indicates a sensitivity for
survival of 99%, which is satisfactory from an ethical
point of view, but with a specificity of only 8%, which
is of no economic advantage.

Unlike established prediction models in major
trauma, a valid prediction of CPR results on the basis
of our data is not possible. For German-speaking
European emergency medical services, we were able
to show that prediction of long-term survival is not
possible in a prehospital setting, which is in agree-
ment with the Quality Standards subcommittee of
the American Academy of Neurology.5 Although we
could not produce a prediction algorithm, we could
show that a substantial number of patients who were
found in very disadvantageous circumstances still
survived, and even regained a self-determined life.

Pupillary light response, corneal reflexes, motor
response to pain, seizures, serum neuron-specific eno-
lase, and somatosensory-evoked potentials can reli-
ably assist in accurately predicting poor outcome in
comatose patients after CPR.13 This indicates that a
decision about withdrawal of life support is better
made in the clinical setting, with more time avail-
able and better logistical support. For example, the
marker neuron-specific enolase has a sensitivity
of 91% and a specificity of 100%.8 Somatosensory-
evoked potentials have a sensitivity of 94% and a
specificity of 97%.14 A combination of neuron-specific
enolase and somatosensory-evoked potentials reliably
predicts poor outcome in postanoxic coma as early as
24 h after CPR.13 The predictions of emergency phy-
sicians asked to judge survival chances of CPR pa-
tients based on emergency medical services data

Table 3. Neurological Outcome of Patients Upon Discharge from the Hospital

n CPC 1 � 2 (n � 50) CPC 3 � 4 (n � 42) P
Clinical data

Age (yr)a n � 91 60.4 � 14.3 62.4 � 12.6 0.49
Male, n (%) n � 91 34 (68%) 29 (69%) 0.97

Start of BLS* 0.66
0–5 minb 27 (54%) 18 (42.8%)
5–10 minb 15 (30%) 15 (35.7%)
�10 minb 4 (8%) 4 (9.5%)
Unknownb 4 (8%) 5 (11.9%)

Start of ACLS† 0.24
0–5 minb 11 (22%) 4 (9.5%)
5–10 minb 17 (34%) 17 (40.5%)
�10 minb 19 (38%) 20 (47.7%)
Unknownb 4 (8%) 1 (2.4%)

Initial ECG rhythm
VF, n (%)b 42 (84%) 27 (64.3%) 0.03
Asystole, n (%)b 2 (4%) 9 (21.4%) 0.02
PEA, n (%)b 6 (12%) 6 (14.3%) 0.75

Cardiac arrest
Witnessed, n (%)b n � 82 46 (92%) 36 (85.7%) 0.46
BLS, n (%)b 16 (32%) 10 (23.8%) 0.39

Assumed cause
Myocardial infarctionb n � 75 24 (48%) 15 (35.7%) 0.21
Arrhythmiab n � 76 12 (24%) 12 (28.6%) 0.35
Pulmonary embolismb n � 76 0 (0%) 0 (0%) n/a
Otherb n � 76 4 (8%) 5 (11.9%) n/a

Additional medication
Sodium bicarbonateb 9 (18%) 18 (42.9%) 0.009
Atropineb 8 (16%) 3 (7.1%) 0.22
Lidocaineb 23 (46%) 13 (30.9%) 0.14
Amiodaroneb 8 (16%) 8 (19.1%) 0.70
Thrombolysisb 2 (4%) 3 (7.1%) 0.51

Number of preexisting morbidities
0b 23 (46%) 27 (64.3%) n/a
1b 18 (36%) 12 (28.6%) n/a
2b 8 (16%) 2 (4.8%) n/a
�3b 1 (2%) 1 (2.4%) n/a

Defibrillation attempts, n
�9b 41 (82%) 37 (88.1%) n/a
�9b 9 (18%) 5 (11.9%) n/a

CPC 1 � 2 � normal life possible up to moderate disability, able to manage simple daily life tasks; CPC 3 � 4 � conscious but dependent on the help of others or vegetative state; n/a � not
applicable because of data pooling; BLS � basic life support; ACLS � advanced cardiac life support; VF � ventricular fibrillation; CPC � cerebral performance categories; n/a � not applicable;
PEA � pulseless electrical activity; ECG � electrocardiogram.
a t-mean values � standard deviation (SD) are presented and analysis of variance was applied.
b Frequencies are presented and �2 test was applied.
* All-pairwise comparison (0–5 min to 5–10 min, P � 0.393; 0–5 min to �10 min, P � 0.597; 5–10 min to �10 min, P � 1).
† All-pairwise comparison (0–5 min to 5–10 min, P � 0.128; 0–5 min to �10 min, P � 0.103; 5–10 min to �10 min, P � 0.913).
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showed a sensitivity of only 70% and a specificity 65%;
sensitivity improved to 80% after 60 min in the
hospital and availability of further laboratory data,
but specificity decreased to 48%.14 Estimations of
physicians asked to predict survival chances for pa-
tients resuscitated in the hospital were even worse
than pure chance.15 Similar to our study, attempts to
predict survival with cardiac ALS scores (variables:
witnessed cardiac arrest, immediate start of CPR after
collapse, initial ECG rhythm, and time until arrival of
paramedics) were disappointing as well.6 Further-
more, decisions about which treatment strategy to use

are made much more independently in the hospital
than in an emergency setting. Being pressured for
time, having limited information available, and being
stressed by relatives on the scene may impair the
power of judgment of the emergency medical services
personnel.

Compared with reliable markers such as neuron-
specific enolase, measured by a blood sample,16 many
of our analyzed variables are less accurate. The time
from cardiovascular collapse until start of CPR was
found to be estimated as longer than it actually
was.17,18 Also, fine ventricular fibrillation can be mis-
diagnosed as pulseless electrical activity or asystole.19

Furthermore, ECG rhythms may proceed to a different
rhythm within a short time20; thus, asystole as an
initial rhythm might have been ventricular fibrillation
a few seconds before. In this case, the parameter
“initial ECG” rhythm would most likely produce
unacceptable prediction values. This could explain
why survival of patients with witnessed cardiac arrest
and ventricular fibrillation ranged between 5.3% and
37.7%.21 One reason for the low sensitivity for hospital
discharge analysis is the small number of patients
(92/1166 � 7.9%) who could be evaluated in our
study. And finally, there may be fundamental varia-
tions in the quality of CPR, which may have a signifi-
cant effect on outcome.22

We compared our data with a Canadian study inves-
tigating the predictive value of an absence of return of
spontaneous circulation, no shocks administered, and
cardiac arrest that was not witnessed by the emergency
medical services.7 Termination of CPR efforts in our
study would have been recommended less often than
in the Canadian study (34.9% vs 63.5%), because
return of spontaneous circulation could be restored
more often (45.4% vs 5.5%). Almost all patients pre-
senting with the Canadian criteria to discontinue CPR
(408/410 � 99.5%) were declared dead on the scene by
our emergency medical service physician managing
the CPR attempt. Only two (2/410 � 0.5%) patients
who fulfilled the Canadian criteria7 were brought to
the hospital in our study, where they died. This
indicates that even without a prediction model, the
ability of our emergency medical service physicians to
discontinue CPR in obviously unsuccessful situations
was efficient enough. This suggests that the value of a
prediction model is more important in a basic life
support emergency medical services system such as in
the Canadian investigation,7 whereas in a cardiac ALS
system as in the European vasopressin trial,10 the
value of a prediction model is shifted into the hospital.
In our original study, about 40% of patients survived
at least short term, and in futile cases, the emergency
medical services physician terminated CPR efforts on
the scene.

Limitations need to be noted. Our retrospective
analysis represents nonrandomized groups and the
number of discharged survivors is small (92), but
excellent in international comparison, and can be

Figure 1. Receiver operating characteristic curve (ROC) for
predicted nonsurvival.

Table 4. Logistic Regression Analysis for Nondischarge (Dying
on Scene or in Hospital)

OR
Lower
level

Upper
level P

Age 1.03 1.02 1.05 �0.001
Body mass index 1.00 1.00 1.00 0.38
Female 0.97 0.58 1.62 0.92
Begin ACLS 1.05 1.02 1.08 �0.001
Ventricular

fibrillation
Reference

Asystole 6.94 3.60 13.36 �0.001
Pulseless electrical

activity
4.05 1.81 9.07 �0.001

Additional
medications

0.98 0.82 1.17 0.79

Preexisting morbidities 1.39 1.04 1.88 0.03
Defibrillation

attempts
1.05 0.98 1.13 0.17

Witnessed 5.97 1.23 29.02 0.03
Bystander CPR 1.25 0.75 2.08 0.38
Confidence interval 95%.
OR � odds ratio; ACLS � advance cardiac life support; CPR � cardiopulmonary resuscitation.
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explained by the relatively open inclusion criteria of
the original study. We found that good neurological
outcome was more likely after ventricular fibrillation
and less likely after asystole in the initial ECG; how-
ever, these facts were known before. The higher
significance (P � 0.009) of treatment with sodium
bicarbonate in bad neurological outcome seems to be
an epiphenomenon because of higher likelihood of
sodium bicarbonate administration during prolonged
resuscitation efforts. Another caveat to this study is
that at the time that the study was conducted, emer-
gency medical services personnel followed the 2000
CPR guidelines, which are no longer considered to be
optimal.23 Since the completion of this study, the 2005
CPR guidelines24 have been published and results
might be different.25

In conclusion, in out-of-hospital patients with car-
diac arrest, predicting survival based on variables
documented in the field did not allow a valid forecast
and should be considered primarily after hospital
admission.
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