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ABSTRACT

في  النذير  تسجيل  نموذج  صحة  من  والتحقق  لتأسيس  الأهداف: 
الغيبوبة من  الناجين  العصبية بين  بالنتيجة  للتنبؤ  الصينيين  السكان 

.)CA( السكتة القلبية

المنهجية: اشتملت الدراسة المصممه بأثر رجعي على 159 مريضًا 
من مرضى CA خلال الفترة من يناير 2016م ونوفمبر 2020م. في 
مجموعة الاشتقاق، قمنا بقياس العوامل الإنذارية المتاحة من ظروف 
المبكرة داخل المستشفى. تم بعد ذلك  المستشفى والمؤشرات  دخول 
بالنتائج  للتنبؤ   )CANP( للقلب  العصبي  التشخيص  نتيجة  إنشاء 
غير المواتية بعد 30 يومًا من CA. ثم أجرينا تقييم الفعالية التنبؤية 
والتحقق  الاشتقاق  مجموعات  من  كل  في  هذا  التسجيل  لنموذج 

من الصحة.

الرئوي  القلبي  والإنعاش  المشُاهدة،  الحالة  من  اظهرت كلًا  النتائج: 
غلاسكو  محرك  ودرجة  الإنعاش،  ومدة   ، الأولي  والإيقاع  المتفرج، 
للغيبوبة، ومنعكس الحدقة/القرنية، ونسبة المادة البيضاء-الرمادية، 
والإنزيم الخاص بالخلايا العصبية ارتباطات قوية مع النتائج العصبية في 
مجموعة الاشتقاق )p<0.05(، قمنا بإنشاء نموذج تسجيل المخاطر 
مجموعة  في  العوامل.  هذه  باستخدام  مواتية  غير  بنتيجة  للتنبؤ 
في   CANP في  ملحوظ  بشكل  أعلى  درجات  لوحظت  التحقق، 
أو  من  أكثر   CANP درجة  ارتبطت  المواتية.  غير  النتائج  مجموعة 
مساوية 5 بنتائج عصبية غير مواتية )حساسية %68.8، خصوصية 

.)100%

الخلاصة: قمنا بتأسيس درجة CANP والتحقق من صحتها للتنبؤ 
.CA بالتشخيص العصبي المحتمل للناجين من الغيبوبة بعد

Objectives: To establish and validate a prognostic 
scoring model in a Chinese population to predict the 
neurological outcome among comatose survivors of 
cardiac arrest (CA).

Methods: 159 CA patients between January 2016 and 
November 2020 were recruited in this retrospective 
study. In the derivation cohort, prognostic factors 
available from arrest circumstances and early in-
hospital indicators were measured. The Cardiac 

Original Article

Arrest Neurological Prognosis (CANP) score was 
then constructed to predict unfavorable outcomes 
at 30 days after CA. The assessment of predictive 
effectiveness of this scoring model was conducted in 
both derivation and validation cohorts. 

Results: Witnessed status, bystander cardiopulmonary 
resuscitation, initial rhythm, duration of resuscitation, 
Glasgow Coma Scale motor score, pupillary/
corneal reflex, gray-white matter ratio and neuron-
specific enolase exhibit strong correlations with the 
neurological outcomes in the derivation cohort (all 
p<0.05), and a risk scoring model for the prediction 
of an unfavorable outcome was created using these 
factors. In the validation cohort, significantly 
higher CANP scores were noted in the unfavorable 
outcome group. A CANP score ≥5 was associated 
with unfavorable neurological outcomes (sensitivity 
68.8%, specificity 100%). 

Conclusion: The CANP score was established and 
validated for predicting the possible neurological 
prognosis in comatose post-CA survivors. 
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Cardiac arrest (CA) is among the main causes 
of mortality in modern medicine. Continuous 

improvements in managing CA patients, such as high-
quality cardiopulmonary resuscitation (CPR) with early 
defibrillation, have made it possible for more survivors 
to achieve return of spontaneous circulation (ROSC); 
however, a substantial number of even optimally 
managed victims experience devastating neurological 
outcomes, despite “successful” resuscitation.1 Early 
prognostication might aid in allocating treatment, and 
for providing sufficient information to their relatives.2 
For comatose patients after ROSC, the current guidelines 
recommend a multimodal neurological prognostication 
algorithm on the basis of clinical examination at 
72 hours or later after CA and several additional 
approaches, including neuroelectrophysiology, 
neuroimaging, and serum biomarkers.3 However, there 
is not a single clinical protocol, examination or test 
perfect for the determination of neurological prognosis 
given the variability in brain injury patterns noted in 
CA patients.4

Recent studies have expanded the prediction models 
and scoring systems to support early prediction as 
well as risk stratification in patients with ROSC after 
CA.5-9 These approaches share satisfactory performance 
but they vary widely in terms of their components 
and cause difficulties in obtaining reproducibility and 
external validation.10 These scores have improved the 
evaluation of the severity in CA patients in spite of 
the heterogeneity. However, these scoring models fail 
to take some known prognostic factors into account 
and have not been validated in different populations. 
Therefore, this study was to establish a prognostic 
scoring model in a Chinese population to predict the 
neurological outcomes among comatose survivors of 
CA. In the analysis, the first step was to determine the 
association between prognostic factors available from 
arrest circumstances and early in-hospital indicators and 
unfavorable outcomes at 30 days in a derivation cohort. 
The second step was to construct a clinically useful 
scoring system for the prediction of an unfavorable 
outcome and to perform an external validation.

Methods. This was a multicenter retrospective 
observational study recruiting patients with CA in the 
period from January 2016 to November 2020. Patients 
with persistent coma after ROSC were included, 
defined as a Glasgow Coma Scale (GCS) score ≤8 for 
greater than 20 min. Within 72 h after ROSC, brain 
CT was conducted for all eligible patients. Those under 
18 years of age with terminal malignancy and baseline 
neurological impairment were excluded. In addition, 
patients with CT images that showed abnormal 
parenchyma or were technically insufficient to 
determine cerebral density or were unable to be assessed 
were also excluded.11 The flow chart of case enrollment is 
presented in Figure 1. 159 patients were enrolled in this 
study. The derivation cohort consisted of 80 patients 
receiving treatment at the First Affiliated Hospital 
of Nanjing Medical University (Nanjing, China). To 
evaluate general applicability, external validation in 
another cohort, including 79 patients treated in two 
other hospitals, namely, Huai’an First People’s Hospital 
and Huai’an Second People’s Hospital (Huai’an, China), 
was performed. Our study was granted approval by the 
Ethics Committee of each hospital and was conducted 
according to the Declaration of Helsinki.

Data collection. Data, including age, gender, 
situation surrounding CA, witnessed status, bystander 
CPR, initial rhythm, and resuscitation duration 
(from CPR to ROSC) were systematically recorded in 
accordance with the Utstein style.11 Furthermore, all 
the clinical pictures and available prognostic indicators 
such as clinical exams, gray-white matter ratio (GWR) 
by CT scan, and serum neuron-specific enolase 
(NSE) were assessed. Historic prognostic predictors 
were combined with additional clinical information, 
including GWR and NSE, and a multimodal approach 
to prognostication was applied. The historic predictors 
of unfavorable neurological outcome were taken into 
consideration if any of the following existed: extensor 
posturing to external stimuli or absent motor response 
[GCS-motor response (GCS-M) ≤ 2], no pupillary 
reflexes, or no corneal reflexes. GCS-M and pupillary/
corneal reflexes should be determined at least 72 h after 
CA excluding the effects of neuromuscular blocking 
drugs or sedatives.

The GWR was calculated by the methodology 
described in our previous study.12 All CT examinations 
(with 5-mm slice thickness) were performed within 
72 h after resuscitation. On 3 axial slices (basal 
ganglia, centrum semiovale, and high convexity), two 
experienced investigators independently located the 
regions of interests (ROIs), in which attenuation values 
of the gray and white matter were measured. Both 
investigators were blinded to clinical outcomes, patient 
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Table 1 -	 Baseline characteristics of the derivation and validation cohorts.

Variable Derivation cohort
(n = 80)

Validation cohort 
(n = 79)

Age (years), mean±SD 50.23±18.89 54.57±14.40
Male, n (%) 54 (67.5) 45 (57.0)
Witnessed, n (%) 60 (75.0) 71 (89.9)
Bystander CPR, n (%) 55 (68.8) 33 (41.8)
Out-of-hospital CA, n (%) 47 (58.8) 49 (62.0)
Comorbidities, n (%)
Coronary artery disease 9 (11.3) 10 (12.7)
Hypertension 31 (38.8) 35 (44.3)
Diabetes 14 (17.5) 17 (21.5)
Stroke 9 (11.3) 8 (10.1)
Initial rhythm, shockable, n (%) 29 (36.3) 21 (26.6)
Cardiac etiology, n (%) 41 (51.2) 24 (30.4)

Duration of resuscitation (min), median (IQR) 31.00 (17.75-50.00) 20.00 (12.00-40.00)
Length of stay in hospital (d), median (IQR) 11.00 (4.00-22.75) 12.00 (6.00-19.00)
GCS-M ≤2, n (%) 61 (76.3) 54 (68.4)
Pupillary/corneal reflex, n (%) 52 (65.0) 39 (49.4)
GWR, median (IQR)
Basal ganglia 1.18 (1.11-1.29) 1.18 (1.10-1.28)
Average 1.24 (1.12-1.35) 1.22 (1.16-1.33)
NSE (ng/ml), median (IQR) 83.51 (36.28-243.90) 86.87 (36.30-300.00)

CPC at 30 days, n (%)
CPC 3-5 58 (72.5) 55 (69.6)
CPC 1-2 22 (27.5) 24 (30.4)

SD- standard deviation, CPR- cardiopulmonary resuscitation, CA- cardiac arrest, IQR- interquartile range, GCS-M- Glasgow 
Coma Scale motor score, GWR- gray-white matter ratio, NSE- neuron-specific enolase, CPC- cerebral performance category

Figure 1 -	Flow chart of patient enrollment.
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information and the ROI location determined by the 
other investigator. 

The NSE serum concentrations were determined in 
a routine clinical setting 3 days after ROSC by Roche 
Electro-Chemi-Luminescent-Immuno Assay (ECLIA) 
test kits (Roche Diagnostics, Rotkreuz, Switzerland) 
complying with the manufacturer’s protocol. The 
highest NSE values obtained over 72 h were used in 
further analysis.

Outcome measurement. In accordance with the 
Cerebral Performance Category (CPC),13 neurological 

outcomes were evaluated at 30 days after CA considering 
both the electronic medical records of the hospitals that 
admitted the patients at 30 days and communication 
with the related family members. The CPC scale 
is scored as follows: 1, good recovery; 2, moderate 
disability; 3, severe disability; 4, comatose or vegetative 
state and 5, death. The patients were sorted into a 
favorable outcome (CPC 1-2) group or an unfavorable 
outcome (CPC 3-5) group.

Statistical analysis. Continuous variables are 
described as means±standard deviations or medians 

Table 2 -	 Univariate analysis of prognostic factors associated with unfavorable neurological outcome in the derivation cohort.

Variables Unfavorable outcome
CPC 3-5 (n=58)

Favorable outcome
CPC 1-2 (n=22) P-value

Age (years), mean±SD 49.35±19.53 52.55±17.29 0.502
Male, n (%) 40 (69.0) 14 (63.6) 0.650
Witnessed, n (%) 39 (67.2) 21 (95.5) 0.009
Bystander CPR, n (%) 36 (62.1) 19 (86.4) 0.036
Out-of-hospital CA, n (%) 35 (60.3) 12 (54.5) 0.638
Comorbidities, n (%)
Coronary artery disease 9 (15.5) 0 (0) 0.118
Hypertension 22 (37.9) 9 (40.9) 0.807
Diabetes 8 (13.8) 6 (27.3) 0.277
Stroke 6 (10.3) 3 (13.6) 0.984

Initial rhythm, shockable, n (%) 16 (27.6) 13 (59.1) 0.009
Cardiac etiology, n (%) 27 (46.6) 14 (63.6) 0.172
Duration of resuscitation (min), median (IQR) 40.00 (25.75-79.75) 29.50 (16.75-51.75) 0.035
Length of stay in hospital (d), median (IQR) 11.50 (5.00-23.25) 18.50 (14.00-24.25) 0.097
GCS-M ≤ 2, n (%) 54 (93.1) 7 (31.8) <0.001
Pupillary/corneal reflex, n (%) 30 (51.7) 22 (100) <0.001
GWR, median (IQR)
Basal ganglia 1.15 (1.08-1.24) 1.27 (1.22-1.37) <0.001
Average 1.20 (1.09-1.31) 1.32 (1.24-1.44) 0.001

NSE (ng/ml), median (IQR) 151.60 (67.23-347.35) 37.00 (30.32-49.95) <0.001
CPC- cerebral performance category, SD- standard deviation, CPR- cardiopulmonary resuscitation, CA- cardiac arrest, IQR- 

interquartile range, GCS-M- Glasgow Coma Scale motor score, GWR - gray-white matter ratio, NSE - neuron-specific enolase

Table 3 -	 Categorical classification of each variable.

Scores 0 1 2
Witnessed/Bystander CPR Witnessed, Bystander CPR Witnessed, No bystander CPR No witnessed
Initial rhythm Shockable Nonshockable
Duration of resuscitation < 30min ≥ 30min
GCS-M > 2 ≤ 2
Pupillary/corneal reflex Yes No 
GWR-basal ganglia ≥ 1.20 1.15-1.19 < 1.15
NSE (ng/ml) < 80 80-159 ≥ 160
CPR- cardiopulmonary resuscitation; GCS-M- Glasgow Coma Scale motor score; GWR- gray-white matter 

ratio; NSE- neuron-specific enolase
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with interquartile ranges decided by their normality, 
and categorical variables are described as counts 
(percentages). The comparisons of continuous variables 
were performed with t tests or Mann-Whitney U tests. 
Categorical variables were compared by χ2 tests. For the 
determination of the scoring model’s performance in the 
prediction of prognosis, discrimination and calibration 
were evaluated in derivation and validation cohorts 
respectively through receiver-operating characteristic 
(ROC) curve analyses. The predictive power of these 
prognostic factors was determined by adopting the 
area under the curve values and their 95% confidence 

intervals. Data were processed utilizing SPSS software 
package version 23.0 (SPSS Inc. Chicago, USA). All 
statistical tests were two-tailed. A p-value ≤0.05 was of 
statistical significance.

Results. Clinical characteristics. The included 
patients’ baseline clinical characteristics were 
summarized in Table 1. Comparison of the baseline data 
of the derivation cohort with those of the validation 
cohort revealed no differences in the distribution of age, 
gender and OHCA. However, the validation cohort had 
significantly more witnesses, less bystander CPR and 
resuscitation duration, as well as fewer patients with 
cardiac etiology. The association between prognostic 
factors and neurological outcome in the derivation 
cohort was demonstrated in Table 2. According to the 
CPC score obtained at 30 days after CA, 58 patients 
(72.5%) were allocated to the unfavorable outcome 
group, while 22 (27.5%) were allocated to the favorable 
group. Among the most pre-CA baseline variables (age, 
gender, and comorbidities) and CA characteristics (CA 
setting and cardiac etiology), no significant differences 
were observed between the unfavorable and favorable 
outcome groups (p>0.05), while unwitnessed CA, no 
bystander CPR, initial unshockable rhythm, and longer 
time from CPR to ROSC were related to unfavorable 
outcomes (p<0.05). Furthermore, significant differences 
were found in GWR and NSE between the 2 groups 
(p<0.001). The absence of brainstem (pupillary/corneal) 
reflexes and GCS-M≤2 were also significantly correlated 
with unfavorable outcomes (p<0.001).

A simple risk scoring model for an unfavorable 
outcome. Of the considered variables, we chose 8 
prognostic factors (witnessed status, bystander CPR, 
initial rhythm, duration of resuscitation, GCS-M score, 
pupillary/corneal reflex, GWR-basal ganglia and NSE) 
that showed significant associations with the patient 

Table 4 -	 ROC-analysis for prediction of unfavorable neurological outcome in both derivation and validation cohorts.

Prognostic factors Cut-off value Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC (95% CI) P-value

Derivation cohort
CANP

≥3 94.8 77.3 91.7 85.0
0.948 (0.902-0.993) <0.001

≥5 65.5 100 100 52.4
GWR ≤1.18 65.5 86.4 92.7 48.7 0.784 (0.686-0.883) <0.001
Validation cohort
CANP ≥5 68.8 100 100 80.0 0.964 (0.928-0.999) <0.001
GWR ≤1.18 50.0 87.8 79.2 65.5 0.783 (0.681-0.885) <0.001

PPV- positive predictive value, NPV- negative predictive value, AUC - area under the curve, CI - confidence interval, CANP - 
Cardiac Arrest Neurological Prognosis, GWR - gray-white matter ratio

Figure 2 -	Comparison of CANP scores between patients with 
unfavorable and favorable neurological outcome in the 
validation cohort. CANP- Cardiac Arrest Neurological 
Prognosis.
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outcomes to create the Cardiac Arrest Neurological 
Prognosis (CANP) score. When developing the scoring 
model by using the variables, we first changed the 
continuous variables into categorical variables so that 
higher scores suggested poorer outcomes, and the 
sum of points ranged from 0 to 10 (Table 3). Next, we 
validated the scoring model in a separate cohort.

Prognostic performance of CANP score. The scoring 
system was assessed by external and internal validation 
in the terms of its predictive accuracy. The model 
performance for predicting unfavorable outcomes in 
both the derivation and validation cohorts was shown 
in Table 4. The unfavorable neurological outcome group 
had significantly higher CANP scores in the validation 
cohort (p<0.001) (Figure 2). A CANP score ≥5 was 
associated with unfavorable neurological outcomes 
(sensitivity 68.8%, specificity 100%). 

Discussion. Neurological outcomes of patients 
resuscitated from CA are associated with various 
individual-related factors, such as age, comorbidities, 
and CA event circumstances, including unwitnessed 
arrest, cardiac rhythm and time to ROSC at the initial 
assessment.14 These factors together with clinical 
investigations and laboratory/imaging tests at hospital 
admission might already provide information about an 
individual’s fate in terms of unfavorable neurological 
outcomes and mortality.15 Previous studies have focused 
on early neurological outcome indicators of comatose 
post-CA survivors. However, none of these indicators 
can by itself satisfactorily distinguish patients with 
favorable outcomes from individuals with unfavorable 
ones, showing that it might be necessary to establish 
a “proper scale” on the basis of combined predictive 
factors.16,17 

In the CA literature, there are a large number of single- 
and multicenter reports in which so-called independent 
factors have been identified as related to different 
outcomes.4,18-19 More rigorous studies have identified 
factors by multivariate analyses that use sophisticated 
equations and scoring systems able to predict prognosis 
into consideration. As the first developed model, the 
score of out-of-hospital CA (OHCA) was established 
based on a study of 130 consecutive OHCA survivors. 
It gained validation in the other prospective cohort of 
210 participants. The model accuracy in prediction was 
validated in 4 individual ICUs with 7 early variables 
during 2 different periods.5 Subsequently, the scores of 
CAHP6 namely cardiac arrest hospital prognosis and 
CAST7 namely the post-cardiac arrest syndrome for 
induced therapeutic hypothermia were obtained due to 
efforts to develop a predictive scoring model on the basis 
of data collected at hospital admission. Nevertheless, 
these scores failed to be validated for the clinical 

application. In this study, we created the CANP score 
based on variables associated with CA circumstances 
and the early phase of hospital admission and found 
that it performed well in the prediction of unfavorable 
neurological outcomes. Several notable features of this 
CANP scoring model should be mentioned. The model 
offers a relatively comprehensive system for evaluating 
neurological outcomes for post-CA survivors. 
Considering the incompleteness and availability 
data of premorbid status and prehospital phase, we 
carried out a complete analysis of eight easy-to-obtain 
variables concerning arrest circumstances, clinical 
examination, brain imaging and biomarker indicators. 
Additionally, we utilized another independent external 
cohort to validate the predictive accuracy of the model 
and verified its diagnostic value. This model might 
represent an efficient and practical approach to early 
neuroprognostication in China.

In previous studies, the prognostic factors 
involved in the scoring models were limited mostly 
to clinical history items, such as the witness status 
and initial rhythm. Information obtained by physical 
examination, imaging findings, or blood examination 
were not involved. Our data consisted of the patients’ 
medical history, clinical exam findings, neuroimaging, 
and blood biomarkers, all of which actually showed 
strong associations with outcomes. Moreover, studies 
concerning predictive scores, though of some help, can 
also be controversial.20 Given that these models cannot 
show the precise possibility of outcome for an individual 
patient and only provide general population-based 
information, predictive scores should be taken into 
consideration very carefully.21 Predictive scores may aid 
in risk evaluations and decision-making, but the results 
are far from absolutely accurate.22 Decision regarding 
therapeutic strategies should be made allowing for both 
scoring model results and different factors, including 
patient preference, discussion with family members, 
and social considerations. It is very important that a 
patient’s exact neurological outcomes are predicted 
based on decisive examinations, such as somatosensory 
evoked potentials, electroencephalograms or long-term 
observation.23

Limitations also make their appearance in our 
study. First, this retrospective study design was likely 
subjected to selection bias and other confounders. Both 
patients of poor baseline neurology and those in critical 
conditions after ROSC who cannot undergo brain CT 
or should have a delayed CT scan were excluded from 
this study. Therefore, the included cases may bias toward 
better neurological outcomes. Second, data in this study 
were collected over a relatively long period of time from 
different hospitals. While a standardized protocol was 
applied to enroll cases and assess outcomes, the risk of 
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bias of a self-fulfilling prophecy still exists in this study. 
Third, we did not collect some potentially significant 
clinical and prognostic factors, such as total epinephrine 
dose, arterial blood gas, lactate level, activated partial 
thromboplastin time (APTT), end-tidal carbon dioxide 
(ETCO2), and SOFA score. Further studies and 
stratification analysis should be performed to evaluate 
these indicators to provide a more comprehensive 
scoring system. Finally, the endpoint was the outcomes 
at 30 days after CA in the present study. Though other 
predictive scores have also been established by using 
the outcomes at 30 days, longer-term endpoints should 
be determined for more accurate prediction, such as 
outcomes at 90 days.

In conclusion, the CANP score was developed 
and validated for the predicting possible neurological 
outcomes among comatose post-CA survivors. The 
likelihood of an unfavorable outcome is strong with a 
high specificity with a CANP score ≥5. Further studies 
are in need to verify its effectiveness to predict the 
long-term prognosis of CA survivors.
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