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AbsTrACT
background Survival with good neurological function 
post out-of-hospital cardiac arrest (OHCA), defined as 
cerebral performance category (CPC) 1–2, ranges from 
1.6% to 3% in Asia. We aim to study the influence 
of comorbidities and peri-OHCA event factors on 
neurological recovery and develop a model that can help 
clinicians predict neurological function among patients 
with post-OHCA admitted to the hospital.
Methods This was a retrospective cohort study. All 
patients admitted post-OHCA from 1 January 2011 to 
31 December 2015 to a tertiary centre were identified 
through the hospital OHCA registry. Patients who 
survived till hospital admission were included. Logistic 
regression was used to identify patient and peri-arrest 
factors that were significantly associated with survival 
with CPC 1–2. The significant factors for survival with 
CPC 1–2 were then put into a multivariable model and 
the discriminative ability was tested using the receiver 
operator characteristic (ROC) curve. Calibration and 
internal validation of the model were also performed. 
External validation in a small prospective cohort was also 
performed.
results In our derivation cohort of 129 patients, 
30.23% survived with CPC 1–2. Significant factors 
associated with survival with good neurological 
outcomes were age-adjusted Charlson Comorbidity 
Index ≤5, time to first return of spontaneous circulation 
≤40 min, the presence of immediate bystander 
cardiopulmonary resuscitation and shockable rhythms. 
We also developed a nomogram which showed good 
internal (ROC curve 0.84; 95% CI 0.77 to 0.91) and 
external validation (ROC curve 0.90; 95% CI 0.81 to 
1.00).

InTroduCTIon
Out-of-hospital cardiac arrest (OHCA) is an acute 
and often fatal condition that constitutes a major 
challenge to global healthcare. In Asia, the overall 
survival to hospital discharge varied from 0.5% to 
8.5%, and survival with good neurological function 
ranged from 1.6% to 3%.1 In patients who initially 
achieve return of spontaneous circulation (ROSC) 
after OHCA, the significant morbidity attributable 
to the cerebral and cardiac dysfunction that accom-
panies prolonged whole-body ischaemia, may be 
irreversible.2 Targeted temperature management 
(TTM) with mild hypothermia of 32°C–36°C3 is 
an important tool for the treatment of postanoxic 
coma after cardiopulmonary resuscitation (CPR). 
It has been shown to reduce mortality and has 

improved neurological outcomes after cardiac 
arrest and should be offered to all patients with 
eligible OHCA.

The presence of chronic conditions, such as 
heart disease, hypertension and diabetes, is known 
to increase with age, and evidence suggests that 
the majority of patients with OHCA have at least 
one comorbid condition.4 5 However, to date the 
influence of pre-arrest comorbidities on outcomes 
following OHCA has not been well established. 
Some studies have demonstrated a deleterious 
association between chronic health conditions and 
OHCA outcomes,4 6 while others have reported 
that comorbid factors do not influence outcomes.7 8 
Comorbid diseases are illnesses that are typically 
chronic in nature and have a significant impact on 
both short-term and long-term mortality.6 9 These 
are important confounders and may affect interpre-
tation of cardiac arrest studies.10

The likelihood of survival with good neurological 
function is an important consideration for family 
members of victims of postcardiac arrest. There are 
currently few prediction models available to prog-
nosticate patients’ postcardiac arrest11–13; some 
were initially developed for inpatient cardiac arrest 
while others require biochemistry results which 
may be cumbersome to use.

In this study, we aimed to study the impact 
of comorbidities measured by the age-adjusted 
Charlson Comorbidity Index (ACCI) on survival 
with good neurological function, defined as cere-
bral performance category (CPC) 1–2 in patients 
with OHCA and also develop a prediction tool, 
incorporating significant peri-arrest factors that 
can be used to help inform physicians and family 
members on probabilities of survival with good 
neurological outcome when patients survive to 
hospital admission post-OHCA.

MeThod
study design and settings
This retrospective cohort was carried out at the 
Singapore General Hospital from 2011 to 2015. 
Singapore is a multiracial Southeast Asian country 
which has a population of approximately 5.5 million 
people. The Singapore General Hospital has a total 
of 1597 inpatient beds, which hosts 185 cardiolo-
gy-dedicated beds including 25 cardiothoracic and 
cardiology intensive care unit beds, with a 24 hours 
angiography suite for ST elevation myocardial 
infarction and other cardiology emergencies. There 
was also a prospective observational arm used as the 
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external validation cohort. This study was conducted in compli-
ance with the Declaration of Helsinki.

Participants
All cases of OHCA conveyed to Singapore General Hospital 
during the period of 1 January 2011 to 31 December 2015 
were identified through the hospital’s cardiac arrest registry. 
The Singapore General Hospital participates in the Pan-Asian 
Resuscitation Outcomes Study (PAROS)14 and their definition of 
OHCA was used, that is, out-of-hospital event in a patient who 
unresponsive, apnoeic and pulseless. We included all patients 
above the age of 18, who remained comatose (ie, lack of mean-
ingful response to verbal commands) upon ROSC and survived 
to hospital admission. Patients who did not survive to hospital 
admission, transferred to another hospital and for whom resusci-
tation was not attempted were excluded. We also collected data 
from a prospective cohort admitted with cardiac arrest between 
January 2016 and October 2017 for external validation of the 
prediction tool.

data collection and categorisation
Patients were identified through the hospital’s cardiac arrest 
registry. Data on the following variables were collected by an 
investigator who was blinded to patient outcomes: baseline 
demographics, comorbid conditions and computation of ACCI, 
the presence of immediate bystander CPR, use of mechanical 
CPR, first documented heart rhythm (ventricular tachycardia 
(VT)/ventricular fibrillation (VF) or pulseless electrical activity/
asystole), duration from time of collapse to first ROSC, deci-
sion for immediate coronary angiography and cause of collapse. 
The ACCI is the most widely used comorbidity index.15 16 It was 
developed to predict the 1-year mortality among 604 patients 
based on comorbidity data obtained from a hospital chart review 
in a single US hospital.15 It contains 19 issues including diabetes 
with diabetic complications, congestive heart failure, peripheral 
vascular disease, chronic pulmonary disease, mild and severe 
liver disease, hemiplegia, renal disease, leukaemia, lymphoma, 
metastatic tumour and AIDS, each of which was weighted 
according to their potential influence on mortality. It was further 
adjusted for age by adding one extra point for each decade of life 
after 50 years of a.17 A second independent investigator blinded 
to the above clinical data collected information on the outcome, 
that is, CPC score categorised as good (1–2) and poor (3–5) at 
discharge from the hospital and TTM therapy.

We also prospectively collected all patients who were admitted 
to Singapore General Hospital and survived to hospital admis-
sion from January 2016 to October 2017 to test and validate our 
prediction tool.

data analysis
Clinical and treatment characteristics of patients with and 
without survival with CPC 1–2 were compared using inde-
pendent sample t-tests (continuous variables) or Χ2 tests (cate-
gorical or dichotomous variables). We chose a significance 
level of 0.05 to determine factors to be put in the multivari-
able model. Multivariate logistic regression analyses were then 
applied to relate baseline demographics and factors peri-arrest to 
the outcome of survival with CPC 1–2. Parameters with p values 
of <0.05 included the multivariate analysis are as follows: 
ACCI≤5, the presence of immediate bystander CPR, shockable 
rhythms due to VT or VF and TTM. These predictors corre-
sponded with the previous literature, except for the new factor 
for which we are exploring, which is the presence or absence of 
multiple comorbidities, ACCI ≤5.

To create the prediction model, we looked at pre-arrest and 
peri-arrest factors present in our study that were significantly 
associated with survival with CPC 1–2. TTM was not included 
in the base model as it was a post-cardiac arrest therapy and 
should be applied to all patients eligible.

We input factors of ACCI ≤5, time from collapse to first ROSC 
≤40 min, the presence of immediate bystander CPR and shock-
able rhythms due to VT or VF into the model. Discriminative 
ability (ie, the ability of the model to distinguish patients who 
will survive with CPC 1–2 from patients who may not) of the 
model was quantified by the area under the receiver operating 
characteristic (ROC) curve (ROC area). Calibration of the final 
model was determined by comparing the predicted risks with 
the observed proportions of patients with survival with CPC1–2, 
among five risk groups (and performing the Hosmer-Lemeshow 
test). The regression coefficients (b-coefficients) were divided by 
the smallest coefficient in the model.18

The final model with the adjusted coefficients, with rounding, 
was presented as a nomogram to facilitate clinical application. 
Finally, the sum scores based on the absence or presence of the 
clinical factors were related to predicted risks. For internal vali-
dation of the model, we performed bootstrapping analysis.

As TTM is an established factor known to improve survival 
with good neurological prognosis, we performed a sensitivity 
analysis to determine if addition of the factor of TTM to our 
base model consisting of pre-arrest and peri-arrest factors will 
significantly improve the performance of the model in terms of 
its ROC curve.

We subsequently validated our model in a prospective cohort 
of patients with OHCA who survived to hospital admission 
between January 2016 and October 2017. The performance 
of the model was further tested with K-fold cross-validation 
combining both derivation and validation cohorts.

A commercial statistical package (Stata V.14) was used for 
statistical analysis of the data. Statistical significance was set at 
p<0.05.

resulTs
Of 129 patients, 60 patients (46.5%) patients underwent TTM 
and 39 patients (30.23%) survived with good CPC score of 1–2.

Univariate as well as multivariate analysis of the factors asso-
ciated with survival with good neurological function is shown 
in tables 1 and 2. The discriminative value (ROC area) of the 
model, consisting factors of ACCI ≤5, time from collapse to first 
ROSC ≤40 min, the presence of immediate bystander CPR and 
shockable rhythms due to VT or VF collapse, was 0.84 (95% CI 
0.77 to 0.91). Bootstrapping analysis for internal validation and 
to avoid optimism showed an area under the curve of 0.81 (95% 
CI 0.73 to 0.89). This good calibration of the derivation cohort 
is also confirmed by a non-significant Hosmer-Lemeshow test 
(p=0.87).

For external validation, we prospectively collected data of 
31 consecutive patients with OHCA who survived to hospital 
admission from January 2016 to October 2017. The observed 
frequencies of survival with good neurological outcome of 
CPC 1–2 corroborated well with the prediction model when 
the model score is 4 and above. For lower scores, the model 
overestimates the probability of survival with good neurological 
outcomes, but that may be due to the smaller sample size of the 
validation cohort. The area of the ROC curve using the nomo-
gram for the validation cohort was 0.90 (95%CI 0.81 to 1.00).

We also used K-fold cross-validation of the entire cohort, 
combining the derivation cohort and validation cohort to assess 
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Table 1  Baseline demographics of study population and patients who survived with cerebral performance category (CPC) 1–2

All patients (n=129) survival with CPC 1–2 (n=39) P values

Age group

  19–55 years 38 (29.46%) 18 (46.15%)   Ref

  >55–65 years 38 (29.46%) 13 (33.33%) 0.245

  >65–75 years 34 (26.36%) 6 (15.38%) 0.010

  >75 years 19 (14.73%) 2 (5.13%) 0.013

Female 28 (21.71%) 9 (23.08%) 0.804

Race

  Chinese 92 (71.32%) 27 (69.23%)   Ref

  Malay 10 (7.75%) 3 (7.69%) 0.966

  Indian 10 (7.75%) –

  Others 17 (13.18%) 9 (23.08%) 0.064

Body mass index

  <18.5 18 (13.95%) 9 (23.08%) 0.487

  18.5–22.9 23 (17.83%) 9 (23.08%)   Ref

  23–26.9 48 (37.21%) 12 (30.77%) 0.226

  ≥27 40 (31.01%) 9 (23.08%) 0.164

Hypertension 79 (61.24%) 20 (51.28%) 0.129

Diabetes mellitus 44 (34.11%) 9 (23.08%) 0.085

History of stroke 50 (38.76%) 14 (35.90%) 0.661

≥Stage 3 chronic kidney disease 65 (50.39%) 15 (38.46%) 0.077

End-stage renal failure requiring dialysis 7 (5.43%) 3 (7.69%) 0.460

Known history of ischaemic heart disease 52 (40.31%) 11 (28.21%) 0.068

Dementia 1 0   –

Connective tissue disease 1 0   –

Peptic ulcer disease 11 (8.53%) 2 (5.13%) 0.372

Chronic respiratory disease 28 (21.71%) 9 (23.08%) 0.804

Liver disease 31 (24.03%) 7 (17.95%) 0.290

Cancer 3 (2.33%) 0   NA

Age-adjusted Charlson Ccomorbidity Index (CCI) 4.10±2.39.68%) 2.61±1.85

  CCI 0–2 35 (27.13%) 21 (53.85%)   Ref

  CCI 3–5 57 (44.19%) 15 (38.46%) 0.059

  CCI >5 37 (28.68%) 3 (7.69%) <0.001

Presence of bystander cardiopulmonary resuscitation 64 (49.61%) 26 (66.67%) 0.0012

Time to return of spontaneous circulation (min) 38.14±22.87 24.15±16.66 <0.001

Time to first return of spontaneous circulation (min)

  0–10 12 (9.30%) 7 (17.95%)   Ref

  >10–20 21 (16.28%) 15 (38.46%) 0.445

  >20–30 26 (20.16%) 8 (20.51%) 0.113

  >30–40 20 (15.50%) 6 (15.38%) 0.120

  >40–50 20 (15.50%) 1 (2.56%) 0.005

  >50–60 14 (10.85%) 0   –

  >60 16 (12.40%) 2 (5.13%) 0.017

Ventricular tachycardia/ventricular fibrillation collapse 74 (57.36%) 31 (79.49%) 0.001

Collapse due to myocardial infarction 90 (69.77%) 27 (69.23%) 0.930

Went for direct coronary catheterisation 84 (66.14%) 29 (74.36%) 0.195

Targeted temperature management 69 (53.49%) 28 (71.79%) 0.007

the performance of the model. The sensitivity and specificity of 
the model are 66.00% and 86.36%, respectively, and the posi-
tive and negative predictive values are 68.75% and 84.82%, 
respectively.

The tables 3 and 4 show that calibration (ie, agreement between 
predicted risks and observed frequencies of survival with CPC 
1–2) of the model was good and also observed frequencies in the 
validation cohort.

As TTM is a known therapy to improve neurological outcomes, 
a sensitivity analysis was performed to determine if its inclusion 

will affect the model. We compared the ROC curve of our base 
model including the four factors (ACCI ≤5, time to ROSC ≤40 
min, the presence of immediate bystander CPR and a shockable 
rhythm) to the same base model with the additional factor of 
receiving TTM (five factors). The ROC area of the base model is 
0.843 while that of the base model plus the additional factor of 
TTM was 0.856, with a non-significant p value of 0.341. Hence, 
the discriminative ability of both models was equal. In view of 
parsimony, we did not include TTM as a variable on our final 
nomogram (see figure 1).
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Table 2 Univariate and multivariate analysis of factors associated with survival with cerebral performance category (CPC) 1–d 2

univariate logistic regression Multivariate logistic regression

or (95% CI) P values or (95% CI) P values

Age <65 years 3.87 (1.61 to 9.34) 0.003   –   –

Female 1.12 (0.45 to 2.76) 0.804   –   –

Race
    

  Chinese 1.0   Ref   –   – 

  Malay 1.03 (0.25 to 4.29) 0.966

  Indian 1.0   NS

  Others 2.71 (0.94 to 7.76) 0.064

Body mass index     

  <18.5 1.94 (0.59 to 6.35) 0.271   –   – 

  18.5–25 1.0

  >25 0.66 (0.25 to 1.73) 0.399

Hypertension 0.55 (0.26 to 1.19) 0.129   –   –

Diabetes mellitus 0.47 (0.20 to 1.11) 0.085   –   –

History of stroke 0.84 (0.38 to 1.83) 0.661   –   –

≥Stage 3 chronic kidney disease 0.50 (0.23 to 1.08) 0.077   –   –

End-stage renal failure requiring dialysis 1.79 (0.38 to 8.41) 0.460   –   –

Known history of ischaemic heart disease 0.47 (0.21 to 1.06) 0.068   –   –

Age-adjusted Charlson Comorbidity Index ≤5 7.28 (2.08 to 25.49) 0.002 5.14 (1.33 to 19.89) 0.018

Presence of bystander cardiopulmonary resuscitation 2.74 (1.25 to 6.01) 0.012 2.84 (1.09 to 7.40) 0.033

Time to first return of spontaneous circulation ≤40 min 7.01 (2.95 to 16.67) <0.001 6.92 (4.93 to 16.47) <0.001

Ventricular tachycardia/ventricular fibrillation collapse 4.23 (1.76 to 10.21) 0.001 2.59 (1.04 to 7.19) 0.048

Collapse due to myocardial Infarction 0.96 (0.43 to 2.18) 0.930   –   –

Went for direct coronary catheterisation 1.74 (0.75 to 4.02) 0.195   –   –

Underwent targeted temperature management 3.04 (1.35 to 6.85) 0.007 2.60 (0.97 to 6.96) 0.057

The nomogram to aid simple clinical application is shown in table 3.

Table 3  Scoring system of prediction model

Factor Value

Age-adjusted Charlson Comorbidity Index ≤5 +2

Time to first return of spontaneous circulation ≤40 min +2

Immediate bystander cardiopulmonary resuscitation +1

Shockable rhythm +1

Maximum score attainable 6

Table 4  Observed and predicted probabilities of survival with 
cerebral performance category (CPC) 1–2 based on prediction score

Probability of 
survival with 
CPC 1–2

Model 
scores

derivation cohort (n=129)
Validation 
cohort (n=31)

n/n (%)

Predicted % survival 
with CPC 1–2 based 
on model calculation 
(95% CI) n/n (%)

<5% 0–1 0/19 (0) 2.95 (1.16 to 3.23) 0/4

5%–25% 2–3 6/48 (12.50%) 11.00 (5.71 to 19.30) 0/8

>25%–45% 4 9/25 (35.00%) 30.78 (30.78 to 32.21) 3/8 (37.50%)

>45%–65% 5 7/16 (43.75%) 55.15 (55.15 to 57.41) 2/4 (50.00%)

>65% 6 17/21 (80.95%) 77.72 6/7 (85.71%)

Sensitivity analysis.

dIsCussIon
In our study, 30.23% of all patients admitted for OHCA 
survived with good neurological outcomes. ACCI ≤5, time to 
ROSC ≤40 min, the presence of immediate bystander CPR, a 
shockable rhythm and TTM were significantly associated with 
survival with good neurological outcomes.

Patients who had TTM had an OR 3.04 (95% CI 1.35 to 
6.85) of surviving with a good neurological outcome compared 
with those who did not receive the treatment. Despite this, only 
46.5% of our patient received TTM therapy. This may be due 
to concerns regarding underlying comorbidities and complica-
tions such as electrolyte and fluid shifts associated with TTM.19 
Previous studies have also showed that there is heterogeneity in 
the use of TTM therapy in patients with OHCAs, with uptake 
ranging from 20% to 40%.20 21 Factors cited include logistical 
or resource issues, the perceived lack of evidence or consensus 
within individual ICU teams or not considering it at all. We hope 
to improve the uptake of this therapy in our programme through 
continual education and resource management.

The most important question post-OHCA for physician 
and family is the likelihood of survival with good neurological 
recovery. Currently available scores such as the OHCA score22 
and Cardiac Arrest Hospital Prognosis score11 are useful but 
contain complex mathematical formulas and require biochem-
istry results which have a turn-around time; this may make the 
tool less widely in acute situations. On the other hand, simpler 
calculators like the Good Outcome Following Attempted Resus-
citation (GO-FAR) score have been validated for in-hospital but 
not OHCA. Similar to the GO-FAR score,23 our tool consists 
mainly of premorbid clinical characteristics and peri-resuscita-
tion information.

We chose the age-adjusted comorbidity index as an overall 
measure of comorbidity and frailty as it takes into account the 
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Figure 1 Comparison of receiver operating curves of base model (age-adjusted Charlson Comorbidity Index ≤5, time to return of spontaneous 
circulation ≤40 min, the presence of immediate bystander cardiopulmonary resuscitation and a shockable rhythm) and base model+targeted 
temperature management.

Key messages

What is already known about this subject?
 ► Rates of survival with good neurological outcomes post out-
of-hospital cardiac arrest remain low over the years. Targeted 
temperature management helps to improve neurological 
outcomes.

What does this study add?
 ► Age-adjusted Charlson Comorbidity index is a strong 
predictor of survival with good neurological outcome post 
out-of-hospital cardiac arrest, and it may be the combined 
burden of multiple comorbidities, rather than individual 
weighted ones, that affect neurological prognosis

 ► We developed a probability tool that helps clinicians calculate 
the likelihood of survival with good neurological outcome 
post out-of-hospital cardiac arrest based on age-adjusted 
Charlson comorbidity index and peri-arrest factors.

 ► Targeted temperature management improved neurological 
outcomes in our cohort, but did not improve receiver 
operating curve when compared to a base probability model, 
in determining good neurological outcomes.

how might this impact on clinical practice?
 ► This score aids neurological prognostication and discussion 
for further invasive procedures in patients who survive out-
of-hospital cardiac arrest.

interaction of age and comorbidities. This is especially important 
as patients with OHCAs come from heterogeneous age groups, 
and our study suggests that it may not be a single comorbid, 
but rather the constellation of comorbidities, that reflects the 
patient’s physiological reserve to respond to cardiac arrest. As 
age is included in the sum aggregate of the ACCI, we did not 
include age in our model due to potential confounding.

Based on our nomogram, a patient with all the good prog-
nostic factors of ACCI ≤5, time to ROSC ≤40 min, the pres-
ence of immediate bystander CPR and a shockable rhythm will 
have a probability of survival with good neurological outcome 
of >65%, while one without any of the above will have a prob-
ability of <5%. We also tested our model in a small prospective 
cohort, demonstrating external validation of the tool.

Strengths of our study are that these patients are obtained 
from a cardiac arrest registry and had complete follow-up and 
data collection on their risk factors. We also blinded the inves-
tigators performing data collection, so as to reduce observer 
bias.

Our limitations include a small sample size; however, the 
number of events (survival with CPC 1–2) was sufficient to 
explore the four factors and to generate a nomogram based on 
the 1 factor to 10 events rule. This was also a single-centre study 
and there may be the presence of unmeasurable confounders 
which have not been tested in our analysis. To overcome this, we 
intend collaborate with the ongoing prospective PAROS registry 
and seek to validate our prediction model on separate larger 
cohorts to determine external validity.

ConClusIon
Comorbidities have a significant influence on survival with 
good neurological function post-OHCA and should be taken 
into consideration during care of such patients. We have 

proposed a tool, which takes into account the influence of 
comorbidities, to help inform physicians and family on prob-
ability of survival with good neurological recovery. More 
research is needed to validate this tool in separate larger 
cohorts of patients with OHCA.
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