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Abbreviations 

AMI, acute myocardial infarction  

CI, confidence interval 

CPA, cardiopulmonary arrest 

CPR, cardiopulmonary resuscitation 

CT, computed tomography  

ECG, electrocardiogram 

ECLS, extracorporeal life support 

EEG, electroencephalography 

EPD, estimated probability of death 

GCS, Glasgow Coma Scale  

MRI, magnetic resonance imaging 

OHCA, Out-of-hospital cardiac arrest 

OR, odds ratio 

ROC, receiver operating characteristic 

ROSC, return of spontaneous circulation   

VF, ventricular fibrillation  
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Abstract 

Background: Early prediction of outcomes after cardiopulmonary arrest (CPA) is important for considering the 

best support. Our purpose was to evaluate predictors of the 30-day mortality in patients with CPA after return 

of spontaneous circulation (ROSC) and to assess an equation for calculating the 30-day mortality using clinical 

parameters.  

Methods: We retrospectively analyzed the data of 194 consecutive patients with CPA and ROSC in a derivation 

study (2015–2022). We compared clinical parameters between the survived (n = 78) and dead (n = 116) patients. 

We derived an equation for estimated probability of death based on clinical parameters, using multivariate 

logistic regression analysis. The reliability of the equation was validated in 80 additional patients with CPA.  

Results: The 30-day mortality was associated with sex, witnessed cardiac arrest, bystander cardiopulmonary 

resuscitation (CPR), CPA due to acute myocardial infarction, pupil diameter, Glasgow Coma Scale score (GCS), 

presence of light reflex, arterial or venous pH, lactate levels, initial ventricular fibrillation (VF), CPA time and 

age. The derived logistic regression equation was as follows: Estimated probability of death = 1 / (1 + e⁻x), x = 

(0.25 × bystander CPR) + (0.44 × pupil diameter) – (0.14 × GCS) + (0.09 × lactate) – (1.87 × initial VF) + (0.07 

× CPA time) + (0.05 × age) - 7.03. The cut-off value for estimated probability of death calculated by this equation 

was 54.5%, yielding a sensitivity, specificity, and accuracy of 86.2%, 80.8%, and 84.5%, respectively. In the 

validation model, these values were 81.8%, 85.7%, and 82.5%, respectively.  

Conclusions: The 30-day mortality may be calculated after ROSC in patients with CPA using simple clinical 

parameters. This equation may facilitate further best support for patients with CPA.   



5 

 

Introduction 

Out-of-hospital cardiac arrest (OHCA) is a common cause of death, with an average incidence of 55 

per 100,000 person-year globally, and a survival rate of 2–11% [1]. With the revision of cardiopulmonary 

resuscitation (CPR) guidelines and implementation of high-quality CPR procedures, minimization of 

interruptions, and standardized post-cardiac arrest care, the survival rate of OHCA patients has improved [2–6]. 

In the Cardiac Arrest Registry to Enhance Survival (CARES), the rate of hospital discharge increased from 

2.1% to 3.9% in non-shockable rhythms, and from 16.1 to 21.1% in shockable rhythms, during 2005–2012 [7,8]. 

However, the mortality of OHCA patients remains high, particularly in patients without bystander 

cardiopulmonary resuscitation (CPR) and those with ventricular fibrillation (VF) as the initial rhythm [1,9].  

Despite concerted and extended CPR efforts, patients who do not have a rapid return of spontaneous 

circulation (ROSC) do not survive with good functional outcomes [10,11]. Longer durations of CPR are 

associated with lower ROSC and higher mortality rates, even in patients with in-hospital cardiac arrest [11,12]. 

In addition, when shifting to other procedures after the failure of conventional CPR, such as to extracorporeal 

life support (ECLS), it results in an undesirable situation both from a personal and a global perspective [6,13–

15]. 

In most situations, appropriate management for cardiopulmonary arrest (CPA) patients remains 

challenging, because of the lack of knowledge concerning their background, functional status, underlying 

disease, and collapse time [16,17]. Although laboratory measurements of some factors, such as neuron-specific 

enolase, a protein soluble in 100% ammonium sulphate, and interleukin-8, were considered to predict 
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neurological outcomes, these tests cannot always be obtained in daily clinical situations [17–19]. Some studies 

have reported that neurological or diagnostic imaging approaches, such as electroencephalography, brain 

computed tomography (CT), and magnetic resonance imaging (MRI), implemented several hours after ROSC 

could predict the neurological outcome [19–21]. However, neurological findings in comatose patients do not 

always predict the neurological outcome. Furthermore, the appropriate time to evaluate hypoxic brain damage 

with CT or MRI has not been established [20], and this could detrimentally delay decisions regarding the optimal 

management for patients after ROSC. 

Therefore, early prediction of outcomes in patients with CPA is important to consider the further best 

support. However, to our knowledge, there have been no reports that have clarified the predictors of in-hospital 

mortality immediately after ROSC in OHCA patients. It may be necessary to evaluate useful clinical parameters 

that can be obtained easily and rapidly at the time of ROSC. The purpose of this study was to evaluate prognostic 

predictors of the 30-day mortality and to assess an equation for calculating the 30-day mortality in OHCA 

patients using clinical simple parameters. 

 

Methods 

Study design and patient population 

The study consisted of two retrospective cohort studies: the derivation and the validation studies. The 

derivation study was performed in Kagoshima City Hospital, while the validation study was performed in 

Kagoshima University Hospital and Ohshima Prefectural Hospital. We analyzed data of OHCA patients who 



7 

 

received CPR according to American Heart Association guidelines for CPR by emergency medical staff and 

who achieved ROSC [22,23]. All patients were aged ≥ 18 years and were admitted to each hospital to receive 

intensive treatment after ROSC from April 2015 to March 2022. All patients received respiratory tract control 

with an appropriate device and were treated with infusion solution and adrenaline. We surveyed their clinical 

data, including age, sex, body mass index, medical history, initial rhythm on electrocardiogram (ECG), presence 

of a witness to the CPA, bystander CPR, time from CPR to arrival at hospital, time from CPR to ROSC, physical 

and neurological examinations, arterial or venous pH, laboratory data, and therapeutic procedures after ROSC. 

The pupil diameter was measured by two emergency medical doctors using a ruler and the blood gas analysis 

was performed within 5 min of ROSC. Initial abnormal rhythms on ECG were classified as asystole, pulseless 

electrical activity, pulseless ventricular tachycardia, or VF. CPA was defined as receiving chest compressions 

performed by emergency medical staffs or electrical shock administered using automated external defibrillator. 

The CPA time was defined as the time from collapse to the achievement of ROSC. Acute myocardial infarction 

(AMI) was defined according to the universal definition of myocardial infarction [24]. Patients with AMI had 

acute myocardial injury with clinical evidence of acute myocardial ischemia and with detection of a rise and/or 

fall of cardiac troponin values, with at least one value above the 99th percentile upper reference limit and at least 

one of the following findings: symptoms of myocardial ischemia, new ischemic ECG changes, development of 

a pathological Q wave, new loss of viable myocardium, or new regional wall motion abnormality, and 

identification of a coronary thrombus by angiography [24]. The Glasgow Coma Scale (GCS) is scored between 

3 and 15 points, with 3 being the worst and 15 being the best. It is composed of three parameters: best eye 
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opening (spontaneous = 4, response to verbal command = 3, response to pain = 2, no eye opening = 1), best 

verbal response (oriented = 5, confused = 4, inappropriate words = 3, incomprehensible sounds = 2, no verbal 

response = 1), and best motor response (obeys commands = 6, localizing response to pain = 5, withdrawal 

response to pain = 4, flexion to pain = 3, extension to pain = 2, no motor response = 1) [25,26].  

 All patients discharged from hospital were assessed for functional status using the modified Rankin 

Scale (mRS) score at discharge. Scores were defined as follows: mRS 0, no symptoms at all; mRS 1, no 

significant disability; mRS 2, slight disability; mRS 3, moderate disability; mRS 4, moderately severe disability; 

mRS 5, severe disability; and mRS 6, death. [27] Good recovery to moderate disability were considered 

favorable neurological outcomes, which were defined as mRS scores of 0–3 points.  

We compared the pre-hospital clinical course and the clinical parameters immediately after ROSC 

between the 30-day survival and dead groups. We defined the clinical parameters as prognostic predictors for 

the 30-day mortality if the parameter differed significantly between these groups. For the consecutive variables 

considered as prognostic predictors, we evaluated the cut-off value for predicting the 30-day mortality of each 

clinical parameter and then calculated the estimated probability of death (EPD) using logistic regression analysis. 

We defined patients in Kagoshima City Hospital as the derivation cohort and those in Kagoshima 

University Hospital and Ohshima Prefectural Hospital as the validation cohort. We performed the validation 

study to assess the reliability of EPD in our hospital. Then, we compared clinical parameters and the accuracy 

of the EPD between the derivation and validation datasets.  

The institutional review boards of Kagoshima City Hospital, Kagoshima University Hospital, and 
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Ohshima Prefectural Hospital approved this study. We presented the study protocol for all participants with opt-

out consent.  

  

Statistical analysis 

Categorical data are presented as numbers (%) and continuous data are presented as means ± standard 

deviations or medians with 25th and 75th percentiles. The chi-square test was used for comparisons between 

groups, and the unpaired t-test or Mann–Whitney U test was used for comparison of consecutive variables. 

Multiple logistic regression analysis was performed to assess the odds ratio (OR) for the 30-day mortality and 

to derive the equation for EPD based on clinical parameters. We selected age, CPA time, pupil diameter, and lactate 

levels as the explanatory variables of the logistic regression model for calculating the EPD. Receiver operating 

characteristic (ROC) curves were constructed to calculate the cut-off value of each clinical parameter for 

prediction of in-hospital death. Pearson’s correlation coefficient was used to evaluate the relationship between 

clinical parameters and EPD. p values < 0.05 indicated statistical significance. All statistical analyses were 

performed with R version 3.6.0 (R Foundation for Statistical Computing, Vienna, Austria) and JMP version 16 

(SAS Institute, Cary, NC, USA).  

 

Results 

Derivation Study 

We analyzed the data of 251 consecutive OHCA patients admitted to Kagoshima City Hospital after 

ROSC, from April 2015 to March 2022. We excluded 13 patients with traumatic CPA, 25 patients who achieved 
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ROSC at other hospitals, three patients who had undergone cataract surgery (which could influence pupil 

diameter and light reflex), and 16 patients without essential clinical data. Finally, the clinical data of 194 patients 

were included in the derivation study (Fig. 1). The mean age of the 194 patients was 70 years, 74% were male, 

and the survival rate at 30 days was 59.8%. We divided these patients into the survival (n = 78) and dead groups 

(n = 116) within 30 days (Fig. 1).  

The clinical characteristics of these two groups are presented in Table 1. There were no significant 

differences in body mass index, use of physician-staffed car or helicopter, time from CPR to arrival at hospital, 

use of percutaneous cardiopulmonary support, and comorbidities (Table 1). On the other hand, there were 

significantly differences in age, sex, witnessed cardiac arrest, bystander CPR, CPA due to AMI, pupil diameter, 

GCS, presence of a light reflex, arterial or venous pH, lactate levels, initial VF, and CPA time (Table 1). Male 

had more AMI as a cause of CPA than female (male vs female: 25.2% vs 7.8%, p = 0.008). 

Table 2 demonstrates the ORs of each parameter for the 30-day mortality, adjusted by age. The 30-day 

mortality was associated with sex (p = 0.026), witnessed cardiac arrest (p = 0.019), bystander CPR (p = 0.039), 

CPA due to AMI (p = 0.013), pupil diameter (p < 0.001), GCS (p < 0.001), present of a light reflex (p < 0.001), 

arterial or venous pH (p < 0.001), lactate levels (p < 0.001), initial VF (p < 0.001), and CPA time (p < 0.001).  

We performed ROC analysis for the 30-day mortality using age, GCS, pupil diameter, CPA time, 

arterial or venous pH, and lactate levels. The cut-off values for predicting the 30-day mortality of these 

parameters are presented in Table 3. Although the pupil diameter, CPA time, arterial or venous pH, and lactate 

levels demonstrated fair areas under the ROC curve (AUC), it would be difficult to predict the 30-day mortality 
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by using a single clinical parameter; moreover, the predictors have complicated connections.  

Therefore, we derived an equation for the EPD using bystander CPR, pupil diameter, GCS, lactate 

levels, initial VF, CPA time, and age. By logistic regression analysis, EPD was calculated using the equation:  

EPD = 1 / (1+e⁻x), where x was represented as follows: x = (0.25 × bystander CPR) + (0.44 × pupil 

diameter) – (0.14 × GCS) + (0.09 × lactate) – (1.87 × initial VF) + (0.07 × CPA time) + (0.05 × age) – 7.03. In 

this equation, the nominal variables are changed into categorical variables as follows: bystander CPR (present 

= 1, absent = 0), and VF in initial rhythm (yes = 1, no = 0). The reliability of this equation was excellent by 

statistical analysis (p < 0.001). After calculating and comparing the EPD between the survival and dead groups, 

the EPD was significantly higher in the dead group than in the survival group (80.8% [61.9, 93.6] vs 19.5% 

[12.4, 47.1], p < 0.001). The ROC curve revealed an AUC of 0.9 and that an EPD cut-off value of 54.5% yielded 

86.2% sensitivity, 80.8% specificity, 84.5% accuracy, 87.7% positive-predictive value, and 80.0% negative-

predictive value. (Fig. 2). 

 Figure 3 shows the scatter plot between EPD and each clinical parameter with continuous variables in 

the survival and dead groups. There was a significant correlation between the EPD and CPA time (r = 0.551, p 

< 0.001), GCS (r = - 0.517, p < 0.001), lactate levels (r = 0.431, p < 0.001), pupil diameter (r = 0.501, p < 0.001), 

and age (r = 0.261, p = 0.021) in the survival group. Moreover, there was a significant correlation between the 

EPD and CPA time (r = 0.469, p < 0.001), GCS (r = - 0.213, p = 0.022), lactate levels (r = 0.263, p < 0.001), 

and pupil diameter (r = 0.465, p < 0.001) in the dead group. However, there was no significant correlation 

between the EPD and age in the dead group. 
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Validation study 

To certify the reliability of the EPD, we performed a validation study, in which we analyzed 80 

consecutive patients with CPA in Kagoshima University Hospital and Ohshima Prefectural Hospital during the 

same period. Table 4 shows the comparison of clinical characteristics between the derivation and validation 

dataset. There were no significant differences in age, sex, AMI, initial situation of CPA, therapeutic procedures, 

physical examination on arrival at hospital, the 30-day mortality, and favorable neurological outcomes at 

discharge between the derivation and validation dataset (Table 4). The sensitivity, specificity, and accuracy of 

the EPD at a cut-off of 54.5% in the validation model were 81.8%, 85.7%, and 82.5%, respectively. Furthermore, 

the AUC derived from the ROC curve was excellent (AUC = 0.931). Using EPD, the favorable accuracy of 

derivation and validation dataset represented the good reproducibility to evaluate the 30-day mortality after 

ROSC. 

 

Discussion 

 In the present study, we demonstrated that the 30-day mortality was associated with age, sex, witnessed 

cardiac arrest, bystander CPR, CPA due to AMI, pupil diameter, GCS, presence of a light reflex, arterial or 

venous pH, lactate levels, initial VF, and CPA time. Male tended to survive more than female. The reason was 

considered that the male had more AMI as a cause of CPA than female, which is a treatable disease. We selected 

bystander CPR, pupil diameter, GCS, lactate levels, initial VF, CPA time, and age as the explanatory variables 

of the logistic regression model to calculate the EPD because data on these parameters are easy to obtain after 
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ROSC and present fair AUC in the ROC curve. The light reflex, witnessed cardiac arrest, definite AMI, and pH 

were not selected because they are similar to pupil diameter, bystander CPR, initial VF, and lactate levels, 

respectively. Furthermore, we proposed an equation for predicting the EPD using these clinical parameters as 

determined immediately after ROSC. A cut-off value of the EPD of 54.5% yielded 86.2% sensitivity, 80.8% 

specificity, and 84.5% accuracy for predicting the 30-day mortality. Moreover, the reliability of the EPD was 

verified by a validation study. The main novelty of this research is that we showed the probability of 30-day 

mortality using simple clinical parameters after ROSC. EPD may become a reference for provision of further 

support. 

Some clinical trials, with subsequent guideline updates, have refined CPR quality, defibrillation timing, 

and pharmacological treatment for patients with CPA over the past decades [27–32]. Despite the tremendous 

efforts made for OHCA patients, resuscitation was successful in only 1/3 of OHCA patients, and only 10% of 

those patients can be discharged from hospital, many of whom have neurological disabilities [13,31-34]. If 

resuscitation is successful, rapid prediction of the prognosis after ROSC and deciding on an appropriate 

treatment are difficult. Little evidence is available for predicting the 30-day mortality immediately after ROSC. 

Reynolds et al. reported that a longer CPR duration was associated with poor neurological outcomes and that 

the probability of good functional recovery falls to under 2% if CPA time exceeds 15 min [10]. They suggested 

that intensive treatment, such as ECLS, should be considered if the conventional CPR fails in the first 10–15 

min [10]. However, ECLS is effective only for selected patients, such as those with in-hospital CPA or 

cardiogenic CPA, and it can prolong the state of hypoxic brain injury or increase medical costs [8,35]. Adequate 
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treatment needs to be selected to avoid unethical treatment.  

To predict the outcome after ROSC in patients with OHCA, the Null-PLEASE score, consisting of 

scores for the 10 items—a non-shockable rhythm, unwitnessed cardiac arrest, no bystander CPR, ≥ 30 min until 

ROSC, pH < 7.2, lactate > 7, end-stage kidney disease, age ≥ 85 years, CPR even after arriving at the hospital, 

and extra-cardiac cause—can be calculated, and the mortality rate is three times higher in patients with scores 

≥ 5 than in those with scores ≤ 4 [36]. In this previous work, 547 OHCA patients were included and presented 

a useful score to predict the outcome. Although our study included only 194 OHCA patients, the pupil diameter, 

and GCS which are important predictors of brain injury [37], were identified as a predictor. In addition, we used 

logistic regression analysis to evaluate the OR and rough mortality to refer to consider the best support in such 

patients.  

 Using the CREST score, the five items of pre-existing coronary artery disease, non-shockable rhythm, 

ejection fraction < 30% on admission, shock at the time of admission, and CPA time > 25 min are associated 

with a mortality rate of 0–50% with each score of 0 to 5 points. [38] Although the CREST score may be useful 

to determine which patients may benefit from interventions after ROSC, the score did not include the physical 

or neurological findings. The present study demonstrated that bystander CPR, VF in the initial rhythm, and CPA 

time were associated with prognosis in patients with CPA after ROSC. In addition, we showed that the pupil 

diameter, the presence of a light reflex, arterial or venous pH, lactate levels, and GCS, which can be easily 

measured after ROSC, might evaluate factors for high-risk OHCA patients. Pupil diameter, light reflex, arterial 

or venous pH, lactate levels, and GCS after ROSC may represent the condition of the patient. Therefore, we 
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adopted bystander CPR, pupil diameter, GCS, lactate levels, initial VF, CPA time, and age when we calculated 

the EPD.  

Hayakawa et al. reported an equation that calculates neurological prognosis after ROSC, using a 

logistic regression model that incorporates age and CPA time [39]. This study presented a useful equation that 

could easily predict the 1-month neurological outcomes after ROSC. Furthermore, in this study, accurate CPA 

time was used because study participants were witnessed and cardiogenic patients with CPA. As our study 

included a lot of non-witnessed OHCA cases, the CPA time might not be accurate. However, in an aging society, 

the number of patients who suffer non-cardiogenic CPA or unwitnessed CPA at home may increase [6,14,40,41], 

which limits the number of patients for whom the equation can be used. Moreover, their report did not consider 

the quality of CPR. Our equation involved the quality of CPR by incorporating pupil diameter, GCS, and lactate 

levels after ROSC. As the present study included all patients with CPA of medical origin, our equation would 

be suited to current circumstances, in which non-cardiogenic patients with CPA are common [6,13].  

We propose that an EPD of 54.5% may be a cut-off value for evaluating high-risk OHCA patients. 

Although the neurological prognosis of patients with CPA has been discussed in many studies [10–12,16–20,42], 

there is usually limited information available concerning the patients at hospital arrival, and their families are 

usually confused by the sudden unexpected situation. Therefore, we should evaluate the patients with high 

mortality and provide them with further appropriate treatments as soon as possible. Although the appropriate 

treatment for patients with CPA remains challenging, suitable treatment should be provided, considering respect 

for and the dignity of the patient. Using EPD introduced herein, it may be possible to recognize high-risk OHCA 
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patients immediately after ROSC and to consider further best support.  

Limitations 

There were some limitations in this study. First, this study included a small sample size in the 

derivation and validation examinations, and the prediction model did not have feasible performance for use in 

real clinical settings. Therefore, a future large clinical study is needed to validate this prediction model. Until 

then, it should not be used for decision-making. Second, this was a retrospective multicenter study. Therefore, 

a prospective multicenter study, involving a large sample size, is needed to investigate the reliability of the EPD. 

Third, as we did not use an automated pupilometer in daily clinical settings, the findings of the pupil diameter 

and light reflex were based on the subjective evaluation of emergency medical doctors. Fourth, we used the 

presumed time from collapse to ROSC as the CPA time because our study included a lot of unwitnessed patients 

with CPA. Fifth, there might be unmeasured confounding factors, such as the location of cardiac arrest or the 

post-cardiac arrest treatment. Sixth, as we excluded the patients with a history of cataract surgery based only on 

the information obtained from patients’ families, some patients with cataract surgery might have been included 

in this study. Finally, the accuracy of EPD in this study was not 100%. This probability should not be presented 

to patients’ families considering whether to provide invasive treatment or planning advance care, and physicians 

should interpret EPD results carefully in clinical settings. 

 

Conclusions 

In this study, we showed that the 30-day mortality in OHCA patients was associated with age, sex, 
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witnessed cardiac arrest, bystander CPR, CPA due to AMI, pupil diameter, GCS, presence of a light reflex, 

arterial or venous pH, lactate levels, initial VF, and CPA time. Using bystander CPR, pupil diameter, GCS, 

lactate levels, initial VF, CPA time, and age, we might be able to estimate the 30-day mortality using an equation. 

However, since the equation of EPD was derived from a small sample size and showed modest accuracy, this 

equation should not be used in a clinical setting. Therefore, further examination is necessary to verify the EPD.  
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Fig. 1. Study flow chart in the derivation group 
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ROSC, return of spontaneous circulation 

 

Fig. 2. Receiver operating characteristic curve for the estimated probability of death using the derivation dataset 

 

Fig. 3. A comparison of scatter plots of the dead and survival groups 

EPD, estimated probability of death; CPA, cardiopulmonary arrest; GCS, Glasgow coma scale 

○ Dead group. △ Survival group 



Survival group  (n=78) Dead group (n=116) P-value

Age (years) 65±19 73±14 <0.001

Male, n (%) 65 (83) 78 (67) 0.013

Body mass index (kg/m²) 21.4±6.1 21.4±5.0 0.954

Witnessed cardiac arrest, n (%) 64 (82) 77 (66) 0.012

Bystander CPR, n (%) 48 (62) 52 (45) 0.028

Use of physician-staffed car or helicopter, n (%) 44 (56) 54 (47) 0.190

Time from CPR to arrival at hospital (min) 36.4±14.9 35.8±16.0 0.843

Definite AMI, n (%) 23 (29) 17 (15) 0.018

Therapeutic hypothermia, n (%) 51 (69) 24 (21) <0.001

PCPS, n (%) 10 (13) 15 (3) 0.648

Hypertension, n (%) 29 (37) 39 (34) 0.647

Dyslipidemia, n (%) 9 (12) 11 (9) 0.639

Diabetes mellitus, n (%) 20 (26) 35 (30) 0.520

Renal insufficiency 39 (50) 60 (52) 0.884

History of coronary artery disease, n (%) 10 (13) 21 (18) 0.425

Old cerebral vascular disease, n (%) 10 (13) 10 (9) 0.348

Pupil diameter (mm) 3.5±1.3 4.8±1.4 <0.001

GCS 5.0±3.7 3.2±0.7 <0.001

Present of light reflex, n (%) 36 (46) 8 (7) <0.001

Arterial or venous pH 7.14±0.21 6.95±0.17 <0.001

Lactate levels (mmol/L) 8.74±4.92 12.57±4.85 <0.001

Initial VF, n (%) 41 (53) 19 (16) <0.001

CPA time (min) 27.2±17.2 43.1±19.8 <0.001

Table 1  Comparison of  clinical characteristics between survival and dead groups.

Abbreviations: CPR - cardiopulmonary resuscitation, AMI - acute myocardial infarction, PCPS - percutaneous-
cardiopulmonary support, Renal insufficiency - defined as glomerular filtration- rate < 60 ml/minutes/1.73cm², GCS -
Glasgow coma scale,  VF - ventricular fibrillation, CPA - cardiopulmonary arrest.



Odds ratio 95% CI P-value

Sex (male) 0.436 0.209-0.907 0.026

Witnessed cardiac arrest (absent) 2.380 1.150-4.920 0.019

Bystander CPR 0.532 0.292-0.970 0.039

Definite AMI (present) 0.400 0.194-0.824 0.013

Pupil diameter (/0.5mm dilatation) 2.010 1.570-2.570 <0.001

GCS 0.624 0.480-0.812 <0.001

Light reflex (present) 0.088 0.037-0.209 <0.001

Arterial or venous pH 0.003 0.0004-0.029 <0.001

Lactate levels 1.230 1.130-1.330 <0.001

Initial VF (present) 0.212 0.106-0.423 <0.001

CPA time (/min) 1.070 1.050-1.100 <0.001

Age 1.030 1.0100-1.050 0.001

Table 2 Odds ratio for the 30-day mortality, adjusted by age.

Abbreviations: CPR – cardiopulmonary resuscitation, AMI – acute myocardial infarction, 
GCS – Glasgow coma scale, VF – ventricular fibrillation, CPA – cardiopulmonary arrest.



Cut-off value Sensitivity (%) Specificity (%) AUC

Age 74 58.5 58.8 0.58

GCS 5 5.7 70.6 0.35

Pupil diameter (mm) 4.0 83.0 70.6 0.79

CPA time (min) 27 81.1 64.7 0.75

pH 7.04 69.8 67.6 0.71

Lactate levels (mmol/L) 9.4 71.4 65.5 0.74

Abbreviations: GCS - Glasgow coma scale, CPA - cardiopulmonary arrest , AUC – area under the 
curve

Table 3 Receiver-Operating Characteristic analysis for the 30-day mortality



Derivation data (n = 194) Validation data (n = 80) P-value

Age (years) 69.5±17.4 66.2±19.2 0.17

Male, n (%) 143 (74) 54 (68) 0.304

Definite AMI, n (%) 40 (21) 20 (25) 0.426

Witnessed CPA, n (%) 141 (73) 61 (76) 0.651

Bystander CPR, n (%) 100 (52) 44 (55) 0.69

Initial VF, n (%) 60 (31) 26 (33) 0.886

Time from CPA to arrival at hospital (min) 36±16 36±20 0.814

CPA time (min) 37±20 41±23 0.144

PCPS, n (%) 32 (16) 7 (9) 0.127

Therapeutic hypothermia, n (%) 75 (39) 32 (40) 0.892

GCS 3.9±2.6 3.4±1.6 0.107

Pupil size (mm) 4.3±1.5 4.5±1.4 0.232

Presence of light reflex, n (%) 44 (23) 16 (20) 0.748

Arterial or venous pH 7.25±0.21 7.01±0.23 0.537

Survival at discharge, n (%) 78 (40) 24 (30) 0.131

Modified Rankin scale score 0-3 at discharge, n (%) 38 (19) 12 (19) 0.491

Table 4 Comparison of clinical characteristics between derivation and validation dataset

Abbreviations: AMI – acute myocardial infarction, CPA - cardiopulmonary arrest, CPR - cardiopulmonary resuscitation, 
VF - ventricular fibrillation, PCPS – percutaneous cardiopulmonary support, GCS - Glasgow coma scale. 



Fig. 1. 
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Fig. 3. 
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