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Development of a prompt model for predicting
neurological outcomes in patients with return of
spontaneous circulation from out-of-hospital cardiac arrest
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Aim: Early prediction of the neurological outcomes of patients with out-of-hospital cardiac arrest is important to select the optimal
clinical management. We hypothesized that clinical data recorded at the site of cardiopulmonary resuscitation would be clinically useful.

Methods: This retrospective cohort study included patients with return of spontaneous circulation after cardiopulmonary resuscita-
tion who were admitted to our university hospital between January 2000 and November 2013 or two affiliated hospitals between January
2006 and November 2013. Clinical parameters recorded on arrival included age (A), arterial blood pH (B), time from cardiopulmonary
resuscitation to return of spontaneous circulation (C), pupil diameter (D), and initial rhythm (E). Glasgow Outcome Scale was recorded at
6 months and a favorable neurological outcome was defined as a score of 4–5 on the Glasgow Outcome Scale. Multiple logistic
regression analysis was carried out to derive a formula to predict neurological outcomes based on basic clinical parameters.

Results: The regression equation was derived using a teaching dataset (total, n = 477; favourable outcome, n = 55): EP = 1/(1 + e−x),
where EP is the estimated probability of having a favorable outcome, and x = (−0.023 × A) + (3.296 × B) − (0.070 × C) −
(1.006 × D) + (2.426 × E) − 19.489. The sensitivity, specificity, and accuracy were 80%, 92%, and 90%, respectively, for the validation
dataset (total, n = 201; favourable outcome, n = 25).

Conclusion: The 6-month neurological outcomes can be predicted in patients resuscitated from out-of-hospital cardiac arrest using
clinical parameters that can be easily recorded at the site of cardiopulmonary resuscitation.
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INTRODUCTION

POST-CARDIAC ARREST CARE, including percutane-
ous coronary intervention (PCI) and therapeutic hypo-

thermia, after the return of spontaneous circulation (ROSC)
can improve patient survival with good quality of life.1 Post-
cardiac arrest care may also reduce the morbidity and mor-
tality associated with post-cardiac arrest syndrome.1

However, intensive care physicians are increasingly being

confronted with the question of whether to provide more
intensive medical treatment to comatose patients who are
resuscitated from out-of-hospital cardiac arrest (OHCA).
This question arose because it is very difficult to predict the
neurological outcomes of patients with OHCA at the early
stage of ROSC. Therapeutic hypothermia was reported to
improve the neurological outcomes in patients resuscitated
from OHCA, and should be carried out immediately after
successful ROSC.2,3 The decision to use more invasive and
intensive therapy, such as extracorporeal cardiopulmonary
resuscitation (ECPR), must be made promptly in order to be
effective.4 Therefore, it is important to predict the patient’s
neurological outcome as quickly as possible.

It was reported that biomarkers, such as interleukin (IL)-6
and IL-8 levels in cerebrospinal fluid and/or blood,5,6 serum
neuron-specific enolase,6,7 S-100B protein,6,8 glial fibrillary
acidic protein,9 and creatine kinase-BB isoenzyme10 were
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associated with neurological outcomes. However, it may take
several hours to obtain the results of biochemical/laboratory
tests, and such data have yet to enter practical use at the
bedside. The timing of prediction also varies considerably
among biomarkers. The predictors investigated in earlier
reports included electrophysiological tests (e.g., electroen-
cephalography and somatosensory evoked potentials) and
neuroimaging (e.g., computed tomography and magnetic
resonance imaging).11–15 However, it is impractical to
perform electrophysiological tests in an emergency room
immediately after ROSC. Neuroimaging examinations
carried out immediately after ROSC are typically normal,
and negative findings do not always predict good outcomes.
Although clinical data, including the circumstances of
OHCA and simple neurological tests, may show limited use
as predictors, we can only obtain these clinical data imme-
diately after ROSC.11

The purpose of this study was to establish a new model for
predicting neurological outcomes using patient clinical data
that are easy to obtain during the very early stage of ROSC
in the emergency room.

METHODS

Patients with OHCA

THE STUDY PROTOCOL was approved by the Institu-
tional Review Board of the participating hospitals. The

study was designed as a retrospective cohort study. Eligible
patients received cardiopulmonary resuscitation (CPR),
including chest compression and artificial respiration, from
emergency medical services. Some patients received respi-
ratory tract control with an appropriate device, and were
treated with infusion solution and epinephrine.

Two datasets were established: derivation and validation.
The derivation dataset consisted of patients with ROSC after
OHCA who were admitted to our university hospital
between January 2000 and November 2013. The validation
dataset consisted of patients with ROSC after OHCA who
were admitted to two affiliated hospitals between January
2006 and November 2013.

Data collection and assessment of
patient outcomes
All patients were confirmed to have OHCA by medical staff
(doctor, nurse, or emergency medical service) using an elec-
trocardiographic monitor. We retrieved the following clinical
parameters from medical records: age, sex, cause of cardiac
arrest, presence of a witness, bystander CPR, initial rhythm,
time from starting CPR to arrival at hospital, time from
starting CPR to ROSC, pupil diameter on arrival at the

hospital before the administration of epinephrine, initial
arterial blood pH, use of therapeutic hypothermia, ECPR,
PCI, and Glasgow Outcome Scale score at 6 months after
ROSC.16 If epinephrine was given before the patient arrived
at the hospital, the pupil diameter was recorded immediately
before the administration of epinephrine during pre-hospital
CPR. If pupil diameter differed between the left and right
eyes, the smaller diameter was recorded. Blood samples
were obtained before or after ROSC within 10 min after
arrival at the hospital. For patients who received ECPR, we
regarded the time of starting ECPR as ROSC. Initial rhythm
was classified as either ventricular fibrillation (Vf), which
was defined as Vf and pulseless ventricular tachycardia
(VT), or as non-Vf, which was defined as pulseless electrical
activity (PEA) and asystole.

Neurological outcomes were assessed in terms of
Glasgow Outcome Scale score at 6 months after ROSC,
which provides five categories. Favorable neurological out-
comes included patients with good recovery and moderate
disability, whereas unfavorable neurological outcomes
included patients with severe disability, persistent vegetative
state, or death.

Statistical analysis
To confirm whether the derivation and validation datasets
were similar, we statistically compared their demographic
and clinical parameters using the Mann–Whitney U-test for
continuous variables, or the χ2-test and Fisher’s exact prob-
ability test for categorical variables. P-values were adjusted
for multiple testing using Sidak’s method.17 Taking into
account the large sample sizes in both groups, we set the
level of significance at P < 0.01.

Using the derivation dataset, multiple logistic regression
analysis was carried out to derive an equation to predict
favorable neurological outcome using the commonly
recorded clinical parameters. Dummy variables were intro-
duced for categorical variables, as follows: gender (male = 0;
female = 1), witness (present = 1; absent = 0), bystander
CPR (done = 1; not done = 0), Vf or VT in initial rhythm
(yes = 1; no = 0), need for ECPR (yes = 1; no = 0), PCI
(done = 1; not done = 0), and therapeutic hypothermia
(done = 1; not done = 0). We used the stepwise selection
method to develop the logistic regression equation. The esti-
mated probability (EP) of having a favorable neurological
outcome was computed from the clinical parameters for each
patient. Diagnostic efficacy of EP in distinguishing unfavor-
able neurological outcomes was expressed as area under the
curve (AUC) by receiver-operating characteristic (ROC)
analysis. The cut-off value for EP was determined as a point
of the optimal accuracy. In the next step, the equation was
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applied to the validation dataset and the diagnostic accuracy
was evaluated by AUC and the rate of correct diagnosis.

All statistical analyses were carried out using StatFlex
version 6 (Artech, Osaka, Japan).

RESULTS

Characteristics of patients with OHCA

THE DERIVATION DATASET initially consisted of 488
patients. However, clinical data or laboratory data could

not be obtained in 11 patients, so these patients were
excluded. Therefore, the final derivation dataset consisted of
477 patients (Fig. 1). The validation dataset initially con-
sisted of 213 patients, but incomplete data were obtained
from 12 patients. Therefore, the final validation dataset con-
sisted of 201 patients (Fig. 1). The demographic and clinical
characteristics of both datasets were comparable, except for
age, sex, bystander CPR, and time from CPR to arrival at
hospital, which were significantly different between the two
datasets (Table 1).

Multiple logistic regression model
Of 477 patients in the derivation dataset, 55 had favorable
neurological outcomes (53 with good recovery and 2 with
moderate disability) and 422 had unfavorable neurological
outcomes (3 with severe disability, 79 with persistent veg-
etative state, and 340 died) (Fig. 1).

After stepwise variable selection, age (years, A), blood pH
(B), time from starting CPR to ROSC (minutes, C), pupil
diameter (mm, D), and Vf in the initial rhythm (yes = 1;
no = 0, E) were significantly associated with favorable neu-
rological outcomes.

The logistic regression equation derived was EP = 1/
(1 + e−x), where EP represents the estimated probability of
having a favorable neurological outcome, and x represents a
linear combination of the relevant clinical parameters (i.e.,
variables A–E), for which the formula is shown below.

x = − ×( ) + ×( ) − ×( )
− ×( ) + ×( ) −

0 023 3 296 0 070
1 006 2 426 19 48
. . .
. . .

A B C
D E 99

Derivation dataset

Validation dataset

Patients admitted to the ICU after ROSC (n = 488)

Clinical data not available (n = 6)

Laboratory data not available (n = 5)

Enrolled in the present study (n = 477)

Favorable outcome (n = 55) Unfavorable outcome (n = 422)

Patients admitted to the ICU after ROSC (n = 213)

Clinical data not available (n = 7)

Laboratory data not available (n = 5)

Enrolled in the present study (n = 201)

Favorable outcome (n = 25) Unfavorable outcome (n = 176)

Fig. 1. Patients with return of sponta-
neous circulation (ROSC) after cardio-
pulmonary resuscitation who were
admitted to our university hospital
between January 2000 and November
2013 (derivation dataset) or two
affiliated hospitals between January
2006 and November 2013 (validation
dataset). ICU, intensive care unit.
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Based on the signs of the regression coefficients, A, C, and
D were negatively associated with favorable neurological
outcomes, while B and E were positively associated with
favorable neurological outcomes.The odds ratio (OR) of each
parameter for a specified size of change (Δ) in its value can be
computed from the regression coefficient (b) as exp(b × Δ).
Using the regression model coefficients, the OR for a change
of −10 years of age was 1.26 (95% confidence interval [CI],
1.03–1.54), while the OR for a change in pH of 0.1 was 1.39
(95% CI, 1.11–1.74). The OR for a 2-min decrease in the time
from starting CPR to ROSC was 1.15 (95% CI, 1.07–1.23).
The OR for a reduction in pupil diameter by 0.5 mm was 1.65

(95% CI, 1.37–1.99), and the OR for Vf rhythm was 11.31
(95% CI, 4.63–27.63). These findings are summarized in
Table 2.

The ROC analysis was used to assess the efficacy of EP in
predicting favorable neurological outcomes (Fig. 2). The
AUC representing the accuracy of the prediction was as high
as 0.95.

The optimal cut-off value for EP was 0.218 at a point of the
optimal accuracy. For an EP exceeding 0.218, the neurologi-
cal outcome was predicted to be favorable. The sensitivity,
specificity, and accuracy of the prediction derived from the
derivation dataset were 87%, 94%, and 93%, respectively.

Table 1. Characteristics of the derivation and validation datasets of patients with return of spontaneous circulation (ROSC) after
cardiopulmonary resuscitation (CPR)

Variables Derivation dataset†

(n = 477)
Validation dataset†

(n = 201)
P-value‡

Age, years 64 ± 20 72 ± 16 <0.01
Sex

Male, n (%) 318 (67) 104 (52) <0.01
Cardiac etiology, n (%) 219 (46) 92 (46) 0.97
Witness, n (%) 282 (59) 133 (66) 0.09
Bystander CPR, n (%) 129 (27) 76 (38) <0.01
Initial rhythm

Vf and pulseless VT, n (%) 87 (18) 36 (18) 0.92
Time from CPR to arrival at hospital, min 26 ± 15 21 ± 15 <0.01
Time from CPR to ROSC, min 32 ± 19 30 ± 17 0.43
Therapeutic hypothermia, n (%) 99 (21) 29 (14) 0.06
ECPR, n (%) 38 (8) 6 (3) 0.02
PCI, n (%) 37 (8) 13 (6) 0.56
Pupil size, mm 4.7 ± 1.5 4.6 ± 1.4 0.39
Arterial blood pH 7.0 ± 0.2 7.0 ± 0.2 0.57
Favorable neurological outcome, n (%) 55 (12) 25 (12) 0.74

†Values are given as n (%) or as the mean ± SD. ‡P < 0.01 was considered statistically significant. ECPR, extracorporeal cardiopulmonary
resuscitation; PCI, percutaneous coronary intervention; Vf, ventricular fibrillation; VT, ventricular tachycardia.

Table 2. Significant predictors identified in the derivation dataset of patients with return of spontaneous circulation (ROSC) after
cardiopulmonary resuscitation (CPR)

Variables Odds ratio 95% CI P-value

Age (per 10 years decrease) 1.26 1.03–1.54 0.0281
pH (per 0.1 increase) 1.39 1.11–1.74 0.0037
Time from starting CPR to ROSC (per 2 min decrease) 1.15 1.07–1.23 0.0001
Pupil diameter (per 0.5 mm reduction) 1.65 1.37–1.99 0.0000
Vf in initial rhythm 11.31 4.63–27.63 0.0000

CI, confidence interval; Vf, ventricular fibrillation or pulseless ventricular tachycardia.
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Validation
The validation dataset (n = 201), which consisted of 25
patients with favorable outcomes and 176 patients with unfa-
vorable outcomes, was used to assess the efficacy of the EP
values computed from the prediction equation. The sensitiv-
ity, specificity, and accuracy of the model were 80%, 92%,
and 90%, respectively. The ROC analysis of the EP values
yielded an AUC of 0.94 (Fig. 3). The similar AUC for the
validation and derivation datasets indicates good reproduc-
ibility of the equation in predicting the neurological
outcome.

DISCUSSION

IN THE PRESENT clinical study, the EP enabled us to
predict the neurological outcome at 6 months after CPR,

more quickly and accurately than the previously reported
predictive models.5–15

We believe that the present EP should be helpful to assess
whether aggressive therapeutic measures, such as PCI and/or
therapeutic hypothermia, should be carried out as part of the
patient’s advanced life support. The EP will also help the
family to understand the patient’s likely neurological
outcome at 6 months after CPR. Hayakawa et al.18 reported
several prognostic indicators and an outcome prediction
model for patients with ROSC after OHCA by discriminant
logistic regression analysis. Criteria for inclusion in their
study were a witnessed OHCA and presumed cardiac origin
of the arrest. Because many patients lack a witness or cardiac
cause in clinical settings, the inclusion criteria were not

restricted in the present study. Therefore, we developed a
model that can be applied to a broader range of patients. Of
the 11 variables, five (age, arterial blood pH, time from
starting CPR to ROSC, pupil diameter on arrival, initial Vf
rhythm) were identified by the multiple logistic regression
analysis to predict favorable neurological outcomes in the
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Fig. 2. Receiver-operating characteris-
tic curve for the probability of favorable
neurological outcomes based on the
prediction model derived from the deri-
vation dataset. The diagnostic effica-
cies of four individual parameters (pH,
time, age, and pupil size), except for
ventricular fibrillation or pulseless ven-
tricular tachycardia (Vf) which was
recorded as binary (yes = 1; no = 0),
were compared with those of the esti-
mated probability of favorable out-
comes computed using the prediction
model. Time denotes time from start-
ing cardiopulmonary resuscitation to
the return of spontaneous circulation.
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Fig. 3. Receiver-operating characteristic curve for the probabil-
ity of favorable neurological outcomes in the validation dataset of
patients with return of spontaneous circulation after cardiopul-
monary resuscitation.
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present study. Hayakawa et al.18 also reported that age and
the time from collapse to ROSC were important predictors
for outcomes at 1 month after OHCA, which were classified
by the initial rhythm.

The sensitivity and specificity of predicting favorable neu-
rological outcomes in the validation dataset were 80% and
92%, respectively. These values are sufficiently high to
encourage the use of the new formula in routine clinical
practice, particularly during the very early period after
ROSC. Fischer et al. and others reported that pupil diameter,
presence of a witness, bystander CPR, age, and initial
rhythm were associated with patient outcomes.19–24 Wijdicks
et al.11 reported that the duration of CPR was associated with
poor outcomes, but they could not clearly discriminate
between patients with poor outcomes and those with favor-
able outcomes.

The number of patients with therapeutic hypothermia was
31 in favorable neurological outcome in derivation dataset.
Of these 31 patients, 23 patients had a witness and Vf in
initial rhythm. If therapeutic hypothermia reveals a 15%
improvement in outcome for patients with a witness and Vf,
as reported in the HACA study,3 approximately three patients
may have benefited from therapeutic hypothermia in the
present study. We estimate that the influence of therapeutic
hypothermia would be limited in the prediction formula.

To improve the diagnostic accuracy by reducing the
numbers of false-negative and false-positive cases, it may be
useful to add other parameters, such as biomarkers (e.g.,
blood ammonia and lactate), electrophysiological tests, and
neuroimaging data, which could be available immediately
after ROSC.11–15,25 However, in this study, because many of
these parameters were not available or did not have satisfac-
tory accuracy, we did not examine the effects of including
them in the regression model. By contrast, IL-6, IL-8,
S100B, neuron-specific enolase, and glial fibrillary acidic
protein levels could be used to assess EP, particularly in the
later stages of resuscitation, because the appearance of these
proteins in blood or cerebrospinal fluid occurs sometime
after ROSC.5–10

In the derivation dataset, seven patients with favorable
outcomes were misclassified as having unfavorable out-
comes. Two of these patients had acute coronary syndrome
with a Vf rhythm that was unresponsive to defibrillation, and
therefore required ECPR. The start of ECPR, which was
defined as ROSC, was delayed in these patients compared
with other patients who received ECPR. Nevertheless, the
other parameters measured on arrival were generally good.
Two patients also had acute coronary syndrome, but they
were over 80 years of age and had a PEA rhythm. One patient
was already hypothermic with a body temperature of 32°C
on arrival. Therefore, the time to ROSC was relatively long,

although the other parameters remained in appropriate
ranges. The other two patients had hypercapnic respiratory
failure with a PEA rhythm. From these observations, we
should take care when using the EP for patients who had
ECPR, hypothermia on arrival, or extreme hypercapnia with
a non-Vf rhythm, or who were elderly people with a non-Vf
rhythm.

This study has some limitations. First, it was not a multi-
center clinical trial. Cardiopulmonary resuscitation and
advanced therapeutic strategies, including therapeutic hypo-
thermia or ECPR, were often carried out at our university
and at the affiliated hospitals.1,4 However, these advanced
therapeutic strategies may differ among institutions. There-
fore, the prediction formula reported here may not be appli-
cable to all patients with ROSC in every institution. Second,
only 80 patients (12%) of the total had favorable outcomes
compared with 598 (88%) patients with unfavorable out-
comes. Therefore, a prospective study with a larger number
of patients is needed to confirm our results and establish a
reproducible model.

CONCLUSIONS

USING MULTIVARIATE LOGISTIC regression analy-
sis, and including clinical parameters that are easily

obtained at the site of CPR, we developed a model to predict
neurologically favorable outcomes at 6 months after resus-
citation from OHCA. The resulting model had a sensitivity
and specificity of 80% and 92%, respectively.
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