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Abstract

Objectives: To develop a cardiac arrest survival post-resuscitation in-hospital
(CASPRI) scoring system evaluating the prognosis of neurological function in
ROSC patients.

Methods: This single-center, retrospective study reviewed the eligible patients
admitted to the emergency department of West China Hospital of Sichuan
University who received cardiopulmonary resuscitation and restored spontaneous
circulation from January 1, 2014 00:00 to December 31, 2017 23:59. Clinical
histories, blood test, biochemistry profile, coagulation indexes and other
laboratory tests during emergency department visit were collected. The MEWS,
sOHCA, APACHE II, and the highest SOFA scores were calculated during the
period between emergency room admission and ROSC. The clinical data of
ROSC patients in the test group were analyzed by univariate and multivariate
logistic analysis. The possible risk factors related to the unfavorable prognosis of
90-day neurological function were screened and CASPRI score was constructed.
The efficacy of CASPRI score on evaluating the neurological function of ROSC
patients was analyzed by ROC curve and proved in the validation group.

Main results: 503 patients were included in the test group. After correcting
potential confounding factors, multivariate logistic regression analysis showed
that TBIL, ALB at admission of emergency department, Lac at ROSC,
resuscitation time, non-shockable rhythms were independent risk factors for poor
neurological prognosis of ROSC patients (p<0.05). ROC curve showed that the
CASPRI score was superior to the APACHE II score, SOFA score, MEWS score
and sOHCA score, and the difference was statistically significant (p<0.05). In the
validation group with 256 patients included, the incidence of poor neurological
prognosis in high-risk, intermediate-risk, and low-risk groups based on CASPRI
score were 97.89%, 85.59%, and 58.33%, respectively, and the difference was
statistically significant (p<0.001). CASPRI score was superior to the SOFA score
and MEWS score, the difference was statistically significant (p<0.05).

Conclusions: CASPRI score is an effective tool for the early evaluation of the
neurological prognosis of ROSC patients. Its efficacy exceeds the MEWS and
SOFA scoring systems currently used in clinical practice.

Trial registration: This study was approved by China Ethics Committee of
Registering Clinical Trials (chiECRT-20180032).

Keywords: CASRPI score; in-hospital cardiac arrest; return of spontaneous
circulation; short-term neurological prognosis
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Introduction

With the improvement of cardiopulmonary resuscitation (CPR), the resuscitation

success rate of the in-hospital cardiac arrest (IHCA) patients has been increased.

However, after return of spontaneous circulation (ROSC), the survival rate of dis-

charged patients and their neurological prognosis remain unsatisfactory [1, 2, 3]. A

multi-center study in China has shown that only 6.4% of patients with IHCA had

good recovery of neurological functions [4]. Hence, it is an urgent need for indicators

or tools that can be used to accurately and quickly assess the neurological prog-

nosis of ROSC patients. Existing studies have pointed that whether the witnesses

started CPR, “no blood flow” and low perfusion time, the initial rhythm of cardiac

arrest, laboratory examinations during hospital visit, and other indicators could

predict the neurological prognosis of ROSC patients to some extent [5, 6], but only

to a limited degree [7]. Studies have also suggested that simplified out-of-hospital

cardiac arrest (sOHCA) [8], sequential organ failure assessment (SOFA) [9], acute

physiology and chronic health evaluation II (APACHE II) [10], and modified early

warning score (MEWS) [11] can be adopted to evaluate the neurological progno-

sis of ROSC patients. Nevertheless, these scoring systems share the disadvantages,

such as complicated calculation, tedious indicators, and requirement of continuous

dynamic evaluation.

This study intends to analyze the clinical data of ROSC patients through a retro-

spective cohort study, screen independent risk factors that affect their short-term

neurological prognosis, and create a new scoring system to enable a rapid, simple

and accurate assessment of their neurological prognosis. The purpose is to provide

a basis for clinicians to make medical decisions and communicate with patient’s

families.

Methods

Patients

The clinical management charts of eligible patients admitted to the emergency de-

partment of West China Hospital of Sichuan University who received cardiopul-

monary resuscitation and resumed spontaneous circulation through cardiopul-

monary resuscitation from January 1, 2014 00:00 to June 30, 2018 23:59 were re-

viewed (Figure 1). Inclusion criteria was IHCA patients who underwent CPR and

ROSC. Exclusion criteria included age less than 18, CPR performed outside the

hospital at the same visit, abandoned treatment by families, pregnancy, previous

neurological deficits, traumatic brain injury or primary central nervous system dis-

eases. The ROSC patients from January 1, 2014 00:00 to December 31, 2016 23:59

was set as test group, other ROSC patients were assigned to verification group.

Sample size estimation

Assuming that the AUC of the test group reaches at least 0.70, the test level α =

0.05, the test efficiency is 1-β = 0.95, and the estimated missed follow-up rate was

10%. The calculated minimum sample size is 330 cases. Assuming that the AUC of

the verification group reaches at least 0.75, the test level α = 0.05, the test efficiency

1-β = 0.9, and the estimated missed follow-up rate is 10%. The minimum sample

size of the verification group is 170 cases. The total sample size requires at least

500 cases. These calculations are based on Medcalc software.
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Measurements

Clinical histories, vital signs, including temperature (T), heart rate (HR), respi-

ration rate (RR), oxygen saturation (SpO2), systolic blood pressure (SBP), di-

astolic blood pressure (DBP). First series of laboratory tests during emergency

room visit, red blood cell (RBC), hemoglobin (Hb), hematocrit (HCT), white

blood cell (WBC), platelet (PLT), total bilirubin (TBIL), alanine aminotransferase

(ALT), aspartate transaminase (AST), albumin (ALB), glucose (GLU), creatinine

(Cr), triglyceride (TG), cholesterol (CHOL), serum potassium (K+), serum sodium

(Na+), prothrombin time (PT), activated partial thromboplastin time (APTT),

fibrinogen (FIB) and D-dimer. Lactic acid (Lac) during resuscitation, the resusci-

tation time, shockable or non-shockable rhythm. The modified early warning score

(MEWS), simplified out-of-hospital cardiac arrest (sOHCA) score, acute physiol-

ogy and chronic health evaluation II (APACHE II), and the highest sequential

organ failure assessment (SOFA) score were calculated during the period between

emergency room admission and ROSC. According to their cerebral performance

category (CPC) score at day 90, patients included were divided into favorable prog-

nosis group (CPC 1-2) or unfavorable prognosis group (CPC 3-5). The clinical data

of ROSC patients in the test group were analyzed by univariate and multivariate

logistic analysis. The possible risk factors related to the unfavorable prognosis of

neurological function in 90-day were screened and CASPRI score was constructed.

Follow-up and monitoring

Hospitalized patients were followed up by HIS system and ward visits to observe

the endpoints. Discharged patients were followed by telephone or outpatient visits.

Before data collection, the research purpose and research route are consulted to the

mentor and expert group to formulate a scientific and feasible research plan. Physi-

cians who have been intern in our hospital for more than half a year are selected for

data collection in this study. Uniform training before data collection, data collec-

tion in strict accordance with the inclusion and exclusion criteria, including viewing

computer medical records, nursing records, paper medical records, and telephone

follow-up of ROSC patients for 90-day Neurological conditions. The researcher is

involved in the whole process of data recording, and the double-checking corrects

the entered information errors in time.

Statistics

SPSS 21.0 and MedCalc 18.2.1 were used for data analysis. Measured data that

conform to the normal distribution is expressed as mean ± standard deviation, and

comparison between the two groups was performed by independent-sample t-test;

measured data that do not conform to the normal distribution is expressed as the

median and interquartile range, and the rank-sum test was used for comparison

between groups. Enumeration data are expressed by frequency and percentage, and

the chi-square test or Fisher exact test were adopted.

A statistical method of CASPRI score was established in the test group. A univari-

ate binary Logistic regression analysis was used to analyze the risk factors that may

affect the prognosis of ROSC patients. The odds ratio (OR) and 95% confidence

interval (CI) were calculated. Potential risk factors with p<0.05 were selected for
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multivariate logistic regression analysis. Bilateral p-values <0.05 were considered to

be independently related to poor prognosis in ROSC patients. The AUC was used

to obtain the intercept value of the continuous variable. Continuous variables were

converted to categorical variables according to the cutoff value, and then logistic

regression analysis was performed to obtain β regression coefficients for each inde-

pendent risk factor. Then, a CASPRI score was created based on the least common

divisor of the β regression coefficients, and the score of each ROSC patient was

calculated.

In the test group, ROC curve analysis was used to compare the efficacy of CASPRI

score and other scoring systems to predict the poor prognosis of ROSC patients,

and the efficacy of CASPRI score to evaluate the poor prognosis of ROSC patients

with different disease types.

In the validation group, the CASPRI score was divided into three groups (low-risk

group, intermediate-risk group, and high-risk group) according to the trisection of

the incidence of poor prognosis, and the CASPRI score in evaluating the critical-

ity of ROSC patients was verified. This study used two-sided p-values, p<0.05 was

statistically significant.

Results

Flow of patients

A total of 801 patients (Figure 1) with successful resuscitation in the emergency

department were collected, 42 patients were lost to follow-up, with the loss of follow-

up rate of 5.24%, and 759 cases were eventually included. Patients included in the

study were mostly male (64.43%), the average age was 60.12 ± 18.11 years old. 97

patients (12.78%) had good neurological outcomes on day 90.

Comparison of clinical baseline between patients in the test group and the verification

group

The difference between test group and validation group in general information (gen-

der, age), vital signs (temperature, heart rate, respiratory rate, blood pressure,

oxygen saturation), laboratory tests (blood routine, biochemistry profile, coagula-

tion indexes), scale of disease types, and the incidence of endpoint events were not

significant (p>0.05; Table 1).

Construction of CASPRI model

Baseline data of patients in the test group

A total of 503 patients were enrolled, with an average age of 60.11±18.62 years old,

including 323 males (64.21%) and 180 females (35.79%). The patients of the favor-

able prognosis group and the unfavorable prognosis group were 59 (11.73%) and

444 (88.27%), respectively. The difference of heart rate (HR), blood pressure (BP),

respiratory rate (RR), oxygen saturation (SpO2), platelet count (PLT), activated

partial thromboplastin time (APTT), D-dimer, lactic acid (Lac) during resuscita-

tion, the resuscitation time, defibrillation rhythm, or cardiogenic causes between the

two group were statistically significant (p<0.05; Table 2). MEWS, SOFA, APACHE

II, and sOHCA scores in the poor prognosis group were significantly higher than

those in the favorable prognosis group (p<0.05; Table 2).
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Independent risk factors for the poor neurological prognosis of ROSC patients

Logistic regression analysis showed that HR, RR, SpO2, PLT, total bilirubin

(TBIL), ALB, PT and APTT at the admission of emergency department, Lac

at ROSC, resuscitation time, non-shockable rhythms and non-cardiogenic causes

showed significant correlations (p<0.05) with poor prognosis of ROSC patients.

After correcting potential confounding factors, multivariate logistic regression anal-

ysis showed that TBIL, ALB at the admission of emergency department, Lac at

ROSC, resuscitation time, non-shockable rhythms were independent risk factors for

poor prognosis of ROSC patients (p<0.05; Table 3). According to receiver operating

characteristic (ROC) curve analysis (Table 4; Figure 2), the cutoff values of inde-

pendent risk factors were TBIL (23.4µmol/L), ALB (34.5 g/L), Lac (5.3 mmol/L)

and resuscitation time (9 min).

Construction of CASPRI scoring model

According to the regression coefficients of multivariate logistic regression, the in-

dexes assigned included: TBIL (≤ 24.6µmol/L score 0 points, >24.6µmol/L score 3

points), ALB (>34.5g/L score 0 points,≤ 34.5g/L score 2 points), Lac (≤5.3mmol/L

score 0 points, >5.3 mmol/L score 2 points), resuscitation time (≤ 9 minutes score 0

points, >9 minutes score 2 points), whether the heart rhythm is shockable (0 points

for shockable rhythm, 2 points for non-shockable rhythm), cardiogenic causes (car-

diogenic causes score 0 points, non-cardiac causes score 1 point) (Table 5).

The efficacy of CASPRI score on assessing the poor prognosis in ROSC patients

in the test group

Multivariate logistic regression analysis found that CASPRI score was an inde-

pendent risk factor for poor prognosis in ROSC patients. The area under the curve

(AUC) of CASPRI score predicting poor prognosis of ROSC patients was 0.896 (95%

CI=0.851-0.941, p=0.000), with a sensitivity of 74.32% and specificity of 91.53%,

while the positive predictive value was 98.5% and negative predictive value was

32.1%. The positive likelihood ratio was 8.77, the negative likelihood ratio was 0.09

(Table 6). Compared with other scoring systems, the CASPRI score (AUC=0.896)

was superior to the APACHE II score (AUC=0.752), SOFA score (AUC= 815),

MEWS score (AUC=0.599) and sOHCA score (AUC=0.829), and the difference

was statistically significant (p<0.05; Figure 3; Table 7).

Verification of CASPRI score in evaluating the neurological prognosis of ROSC

patients

Baseline characteristics of patients in the validation group

A total of 256 patients were enrolled, including 166 male patients (64.84%), 96

female (35.16%), and aged 60.26±17.19 years old. The number of patients in the

favorable prognosis group and the unfavorable prognosis group were 38 (14.84%)

and 218 (85.15%), respectively.

Efficacy of the CASPRI score in evaluating the neurological prognosis of ROSC

patients in validation group

The incidence of poor prognosis in patients with high-risk, intermediate-risk, and

low-risk groups with CASPRI scores was 97.89%, 85.59%, and 58.33%, respectively,



Liu et al. Page 6 of 15

and the difference was statistically significant (p<0.001; Figure 4). In the valida-

tion group, the AUC of CASPRI score predicting prognosis of a 90-day neurological

deficit in ROSC patients was 0.831 (95% CI=0.780-0.875, p=0.000), with the sen-

sitivity of 78.95% and the specificity of 72.94%. The positive predictive value was

95.2%, while the negative predictive value was 33.7%, the positive likelihood ratio

was 2.9, and the negative likelihood ratio was 0.34. Compared with other scores,

the CASPRI score (AUC=0.831) was superior to the SOFA score (AUC=0.726) and

MEWS score (AUC=0.693), the difference was statistically significant (p<0.05; Fig-

ure 4 and 5; Table 8 and 9).

Discussion

Independent risk factors for the short-term neurological prognosis in ROSC patients

Elevation of serum bilirubin was an independent risk factor for poor prognosis of

neurological function at day 90 in ROSC patients (OR=1.040, 95%CI=1.007-1.075,

p=0.017). Neurological dysfunction caused by serum bilirubin can be manifested

as abnormalities in cognitive function, learning ability, motor coordination, and

other aspects [12], while serum bilirubin that causes neurological dysfunction is

mainly free bilirubin. Under normal conditions, low concentrations of endogenous

bilirubin produced by brain tissue have protective effects on nerve cells. In various

pathological states (e.g., after CPR), free bilirubin and non-free bilirubin enter the

brain via the damaged blood-brain-barrier, reduce the activity of Na+-K+ ATPase

and prevent nerve cells from generating action potential [13]. This results in a de-

creased excitability toward stimulus and causes nerve cell damage, and thus with

a poor neurological prognosis [14]. Ye et al. found a potential link between hyper-

bilirubinemia and auditory neuropathy [15]. Loftspring et al. demonstrated that

unbound bilirubin increased cerebral edema and neutrophil activation in mice with

cerebral hemorrhage [16]. Thus hyperbilirubinemia worsens the prognosis of neuro-

logical function. In addition, hyperbilirubinemia has also been associated with poor

prognosis in critical patients. Gul et al. [17] measured total bilirubin in 1624 STEMI

patients after PCI and found that the in-hospital in the high DBIL group was sig-

nificantly higher than that in the low DBIL group (4% vs.1.5%, p=0.003), and

multivariate analysis suggested a significant correlation between high DBIL levels

and cardiovascular mortality in hospitalized patients (OR: 3.24, 95%CI: 1.27-8.27,

p=0.014). Our results are consistent with the above studies. The prevalence of ad-

verse neurological function in patients with hyperbilirubinemia before resuscitation

is significantly higher than that in patients with hypobilirubinemia, which suggests

more free bilirubin and non-free bilirubin enter brain tissue through the impaired

blood-brain barrier, which causes nerve cell damage by reducing the excitability of

nerve cells, induces brain edema, and leads to a poor prognosis of neural function.

First serum albumin test level after admission to the emergency department was

an independent risk factor for a 90-day poor neurological prognosis in ROSC pa-

tients. Albumin is an important plasma protein with various important functions

such as substance transportation, maintenance of normal oncotic pressure, control

of blood viscosity and platelet aggregation [18]. Leite et al. [19] has found that

low serum albumin was associated with higher mortality—every 1 g/dL increase in

serum albumin at admission reduced the risk of death by 73% (OR: 0.27, 95%CI:
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0.14-0.51: P<0.001). Similarly, many other studies have confirmed that albumin is

closely related to the prognosis of neurological function [20, 21]. Our study is con-

sistent with the results mentioned above. It is speculated that the reason may be

that the body’s liver function is impaired in a critical state and a stress reaction

characterized by high metabolism, which increases serum protein consumption and

reduces synthesis; systemic capillary permeability increases, intravascular proteins

are transferred to the interstitial space; and albumin is degraded to synthesize in-

flammatory factors, acute phase response proteins, resulting in a decrease in serum

albumin, which leads to reduced effective circulating blood volume, microcircula-

tion disorders, multiple organ dysfunction, defected immune system and increased

chance of infection increase patient mortality [22].

Cardiopulmonary resuscitation time has been considered to be an important factor

affecting the prognosis of cardiac arrest patients Saghafinia et al. [23] demonstrated

that resuscitation time was significantly correlated with patient survival and dis-

charge rate, and that the survival rate of patients with a resuscitation over 10

minutes decreased significantly. Gomes et al. [24] showed that the shorter the re-

suscitation time, the better the prognosis. A duration of less than 5 minutes is a

favorable factor for the short-term prognosis, and the resuscitation time less than

15 minutes is an independent predictor of long-term survival. Arrigo et al. [2] re-

viewed 11 articles with 856 cardiac arrest patients receiving CPR and found that

the survival rate and neurological prognosis were closely related to resuscitation

time. Wang et al. [25] evaluated 16 studies with a total of 1162 CPR patients and

found that resuscitation time was an independent predictor of survival and poor

neurological prognosis (CPC 3-5) in cardiac arrest patients. Our results support

the above findings.

The neurological prognosis of patients with non-shockable rhythm during cardiac

arrest was significantly worse than those shockable, and non-shockable rhythm was

an independent risk factor for 90-day poor neurological prognosis in ROSC patients.

There might be a pathophysiological explanation for this observation: in asystole

or PEA, there is neither electrical nor mechanical activity in the heart; whereas

in VT/VF, the arrested heart had certain levels of electrical activity that failed

to translate to mechanical pumping [26].In addition, VT and VF have been con-

sidered “good” cardiac arrest rhythms [27] , they can be quickly and successfully

treated through defibrillation [28]. Our results showed that the rate of shockable

heart rhythm was so low at cardiac arrest, accounting for only about 8.8%, which

is quite different from most other reports [28, 29, 30]. This difference can be due

to the situation that most critically ill patients in our hospital are referred from

lower-level hospitals, they might catch “not good” cardiac arrest rhythms because

of prearrest illness severity and comorbidities.

The patients with non-cardiogenic etiology had a worse neurological prognosis. Car-

diogenic diseases include unstable angina, acute coronary syndromes, and diseases

such as heart failure. Cooper et al. [31] and Kaki et al. [32] analyzed 808 and

4631, respectively, IHCA patients and both found that cardiogenic CA patients

had higher discharge survival rates than non-cardiogenic CA patients. Our results

are consistent with them. When various reasons cause acute disturbance of coronary

circulation, the myocardium may suffer from acute ischemia, hypoxic injury or even
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necrosis. The damaged cardiac muscle fibers may have different refractory periods

from normal ones, and it is easy to form reentrant excitement. The initial rhythm of

cardiogenic cardiac arrest is mostly VF/VT, then defibrillation is given after timely

detection when the homeostasis has not deviate significantly, and so the prognosis

is good. There are various disturbances on the homeostasis when non-cardiogenic

cardiac arrest occurs, even supported with resuscitation and drugs, the causes of

cardiac arrest cannot be removed in a short time, so it leads to a prolonged resusci-

tation time, prolonged ischemia and hypoxia in important organs such as the brain,

and ultimately leads to poor neurological prognosis [33].

The level of plasma lactic acid during ROSC was higher in the poor prognosis group

than the good prognosis group, and it was an independent factor for the 90-day poor

neurological prognosis of ROSC patients. Lactic acid reflects the perfusion of tissues

and organs. A retrospective study of 236 cases of cardiac arrest by Dell’Anna et al.

[34] found that the first lactic acid concentration after ROSC was an independent

risk factor for patients with poor neurological prognosis at 3 months. Zhou et al.

[35] conducted a meta-analysis of 23 studies involving a total of 6720 cardiac ar-

rest patients and showed that patients with good neurological prognosis had lower

plasma lactate concentrations than those with poor prognosis at admission, 12 h,

24 h, and 48 h after resuscitation. During cardiac arrest and CPR, the anaerobic

glycolytic pathway is activated to cause lactic acid accumulation and microcircu-

lation disorders, which further aggravate organ and tissue ischemia and hypoxia,

thereby causing organ dysfunction, and leading to poor neurological prognosis.

Lower plasma platelet level and high levels of PT, APTT, and D-dimer at admis-

sion are ominous for ROSC patients. Khurana et al. [36] found that low platelet

count and its progressive decline at admission indicated the severity of critically

ill patients and were directly related to prognosis and mortality in ICU patients.

Akca et al. [37] studied 1,440 patients admitted to the ICU and showed that 30%

of patients had a reduced platelet count at admission (PLT<150×109/L), and the

survivors had higher platelet counts. During the inflammatory period before CPR,

reduced production or increased depletion of platelets leads to thrombocytopenia,

which can cause microvascular thrombosis and multiple organ dysfunction [21]. The

dysregulated platelets interact with vascular endothelium, lead to leakage of inflam-

matory factors and further damage brain tissue [38]. Buchtele et al. [39] studies 388

patients with out-of-hospital cardiac arrest that 8% had DIC upon admission, and

the D-dimer level in the 30-Day death group after admission was significantly higher

than those who survived. Most critically ill patients, especially those with impaired

liver function, have limited coagulation factors synthesis and decreased ability to

clear metabolic waste during coagulation. Therefore, they are prone to thrombosis,

bleeding, and in severe cases, DIC.

Efficacy of different scoring system in predicting 90-day neurological prognosis in

ROSC patients

In this study, APACHE II, SOFA, MEWS, sOHCA, and CASPRI scores predicted

the 90-day neurological prognosis of ROSC patients, nevertheless, CASPRI score

had a greater AUC than other scoring systems in both the test group and the vali-

dation group.
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Our data suggests that APACHE II and SOFA scores effectively predicted the neu-

rological prognosis of ROSC patients, which is consistent with previews studies on

APACHE II [40, 41] and SOFA [42, 43, 44]. However, in this study, their predic-

tive performance was not as good as the CASPRI score. The scores of severe organ

dysfunction or immune impairment in the APACHE II score do not have clear stan-

dards and subdivisions, and are subject to more subjective factors. The variables

such as body temperature, heart rate, and respiratory rate included in APACHE

II are not independent risk factors that affect the prognosis of patients. In SOFA

score, PLT and TBIL weighted more than which in the CASPRI score. And it

has showed that SOFA has limited accuracy in prognostic evaluation of critically

ill patients with single system severe dysfunction [44]. Moreover, there are many

indicators to collect for the APACHE II score, and blood gas analysis results are

difficult to collect in some hospitals. SOFA score requires continuous evaluation and

complex calculation. Therefore, APACHE II and SOFA scores are not suitable for

the needs of simple and rapid assessment in emergency department.

DeVoe et al. [45] found that the MEWS score at admission was a predictor of death

in IHCA patients. However, in agreement with Meester et al. [46], our study showed

poor sensitivity and specific of MEWS score, which had a significantly less AUC

than the CASPRI score. Although the indexes such as RR, HR, and SBP at admis-

sion were different between the good prognosis group and the poor prognosis group,

they were not caused by the independent risk factors.

We found that sOHCA had a moderate predictive effect in the prognosis of ROSC

patients (AUC=0.811, P<0.001, 95%CI=0.78-0.84), which was slightly lower than

the CASPRI score, but this difference is not statistically significant. Both scores are

specific for prognosis of ROSC patients, which depend on independent risk factors

that affect the prognosis, and contain non-shockable rhythm and resuscitation time.

CARPRI score contains more independent risk factors than sOHCA score, and is

more comprehensive. Although the indexes in sOHCA are easy to obtain without a

dynamic monitoring, the calculation is still complicated and not suitable for emer-

gency use.

CASPRI score consists of independent risk factors affecting the prognosis of

ROSC patients—resuscitation time, non-shockable rhythm, non-cardiogenic etiolo-

gies, platelets, white blood cells, and total bilirubin. The HL test showed that the

CASPRI score has a good information extraction capabilities. We found it has a

moderate predictive performance on patients’ prognosis, which performed better

than other scores. Because it’s simple and quick to calculate, CASPRI score can

help clinicians make medical decisions and better communicate with patients’ fami-

lies. In addition, CASPRI score is able to separate ROSC patients into low, medium

and high risk groups, thus can guide the risk stratification of patients.

Conclusions

The CASPRI score can better predict the short-term neurological prognosis of

ROSC patients, and its evaluation efficacy is better than the existing SOFA and

MEWS scores. It can well distinguish the criticality of ROSC patients, and it is

related to the incidence of short-term neurological prognosis.
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Figures

Figure 1 Flow of patients.

Figure 2 The efficacy of independent risk factors for poor neurological prognosis in ROSC
patient. a Resuscitation time, Non-shockable rhythm, Non-cardiogenic etiology, total bilirubin,
lactic acid. b Albumin. Abbreviations: TBIL total bilirubin, Lac lactic acid during resuscitation.
According to ROC curve analysis: TBIL (AUC=0.666), albumin (AUC=0.737), Lac
(AUC=0.760), resuscitation time (AUC=0.748)non-shockable rhythms (0.621), and
non-cardiogenic etiologies (AUC=0.640). The cutoff values are TBIL (23.4µmol/L), ALB (34.5
g/L), Lac (5.3 mmol/L), and resuscitation time (9 min).

Figure 3 The efficacy of CASPRI score and other scores in evaluating the prognosis of ROSC
patients. CASPRI score (AUC=0.896), sOHCA score (AUC=0.829), SOFA score (AUC= 0.815),
APACHE II score (AUC=0.752), , and MEWS score (AUC=0.599).

Figure 4 Comparison of poor neurological prognosis rate in CASPRI predicted high-,
intermediate-, and low-risk groups. High-risk group (HRG), intermediate-risk group (MRG), and
low-risk group (LRG).

Figure 5 Verifying the efficacy of the CASPRI score in evaluating the neurological prognosis of
ROSC patients. CASPRI score (AUC=0.831), SOFA score (AUC=0.726), APACHE II score
(AUC=0.789), MEWS score (AUC=0.693), and sOHCA score (AUC=0.791).

Tables
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Table 1 Comparison of baseline information between test group and validation group. Abbreviations:
T temperature, HR heart rate, SBP systolic blood pressure, DBP diastolic blood pressure, RR
respiratory rate, SpO2 oxygen saturation, RBC red blood cell, WBC white blood cell, TBIL total
bilirubin, ALT alanine aminotransferase, AST aspartate transaminase, ALB albumin, PT prothrombin
time, APTT activated partial thromboplastin time, Lac lactic acid during resuscitation.

Test group Validation group P value
Gender 0.873

Male 323 (64.21%) 166 (64.84%)
Female 180 (35.79%) 90 (35.16%)

Age 60.11 ± 18.62 60.26 ± 17.19 0.635
Shockable rhythm 0.895

Yes 46 (9.15%) 24 (9.38%)
No 457 (90.85%) 232 (90.62%)

Cardiogenic etiology 0.62
Yes 89 (17.69%) 49 (19.14%)
No 414 (82.31%) 207 (80.86%)

Type of disease
Respiratory system 131 (26.04%) 63 (24.61%)
Circulatory system 104 (20.68%) 49 (19.14%)
Gastrointestinal system 137 (27.24%) 58 (22.66%)

During emergency room visit
T (◦C) 36.82 ± 1.00 36.68 ± 0.65 0.06
HR (bpm) 105.70 ± 30.06 104.59 ± 30.27 0.732
SBP (mmHg) 117.50 ± 29.19 116.13 ± 31.81 0.441
DBP (mmHg) 70.5 ± 20.6 68.53 ± 21.90 0.248
RR (bpm) 23.19 ± 5.66 23.70 ± 7.70 0.644
SpO2 (%) 91.88 ± 9.10 92.31 ± 8.17 0.488
First test at emergency department
RBC (1012/L) 3.92 (2.88, 4.58) 3.76 (2.71, 4.49) 0.142
Hemoglobin (g/L) 116.5 (84.0, 135.0) 110.0 (82.0, 131.0) 0.147
Platelet (109/L) 143.5 (85.0, 214.0) 135.5 (82.0, 194.0) 0.406
WBC (109/L) 12.44 (8.13, 18.69) 11.8 (7.52, 17.74) 0.253
TBIL (µmol/L) 14.85 (8.30, 28.40) 14.80 (9.10, 29.50) 0.754
ALT (IU/L) 34.0 (17.0, 83.0) 31.0 (16.0, 81.0) 0.326
AST (IU/L) 52.0 (28.0, 168.0) 50.5 (23.0, 138.0) 0.123
ALB (g/L) 32.24 ± 7.97 32.14 ± 8.44 0.783
Blood glucose (mmol/L) 8.57 (6.36, 12.75) 8.41 (6.25, 13.14) 0.838
Creatinine (µmol/L) 117.0 (78.0, 216.0) 118.0 (73.0, 211.0) 0.589
Na+ (mmol/L) 136.65 ± 7.55 137.73 ± 6.88 0.074
K+ (mmol/L) 4.20 ± 1.04 4.34 ± 1.46 0.097
PT (s) 14.90 (13.10, 18.90) 15.65 (13.00, 20.50) 0.339
APTT (s) 38.20 (30.10, 52.60) 37.50 (30.30, 55.20) 0.876
D-dimer (mg/L) 4.72 (1.77, 12.00) 4.70 (1.75, 12.34) 0.928
Resuscitation time (min) 10 (4, 20) 11 (4, 18) 0.925
Lac (mmol/L) 6.75 (3.30, 13.50) 6.10 (2.40, 11.10) 0.066
Number of cases with good prognosis 59 (11.73%) 38 (14.84%) 0.25
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Table 2 Comparison of general information, laboratory tests, APACHE II, SOFA, MEWS and sOHCA
scores between favorable and unfavorable prognosis group. * for p<0.05. Abbreviations: See Table 1.

Favorable prognosis group (n=444) Unfavorable prognosis group (n=59) P value
Gender 0.57

Male 284 (61.2%) 39 (66.1%)
Female 180 (38.8%) 20 (33.9%)

Age 59.98 ± 21.67 60.12 ± 18.21 0.648
Shockable rhythm 0.000*

Yes 28 (6.3%) 18 (30.5%)
No 416 (93.7%) 41 (69.5%)

Cardiogenic etiology 0.000*
Yes 62 (14.0%) 25 (42.4%)
No 382 (86.0%) 34 (57.6%)

During emergency room visit
T (◦C) 36.83 ± 1.04 36.76 ± 0.76 0.208
HR (bpm) 106.66 ± 28.64 98.41 ± 38.77 0.022*
SBP (mmHg) 115.99 ± 28.63 128.97 ± 31.06 0.003*
DBP (mmHg) 69.70 ± 20.35 76.38 ± 21.98 0.05
RR (bpm) 23.43 ± 5.76 21.43 ± 4.50 0.002*
SpO2 (%) 91.53 ± 9.30 94.56 ± 6.99 0.000*
Resuscitation time (min) 11 (5, 21) 5 (2, 8) 0.000*

First test at emergency department
RBC (1012/L) 3.88 (2.84, 4.55) 4.16 (3.46, 4.76) 0.019*
Hemoglobin (g/L) 114.0 (82.0, 134.0) 124.0 (100.0, 141.0) 0.020*
Hematocrit (L/L) 0.35 (0.25, 0.41) 0.38 (0.29, 0.43) 0.022*
Platelet (109/L) 140.5 (78.5, 206.5) 193.5 (118.0, 258.0) 0.000*
WBC (109/L) 12.66 (8.13, 19.17) 10.84 (8.33, 16.43) 0.29
TBIL (µmol/L) 15.70 (8.75, 31.78) 9.4 (6.4, 16.8) 0.000*
ALT (IU/L) 34.0 (17.0, 91.0) 36.5 (15.0, 67.0) 0.301*
AST (IU/L) 52.0 (28.5, 194.5) 44.0 (27.0, 94.0) 0.099
ALB (g/L) 31.53 ± 7.94 37.65 (5.92) 0.000*
Blood glucose (mmol/L) 8.56 (6.28, 13.01) 8.65 (6.86, 12.01) 0.778
Creatinine (µmol/L) 118.5 (78.0, 224.0) 101.0 (68.0, 166.0) 0.095
Na+ (mmol/L) 136.65 ± 7.61 136.67 ± 7.21 0.599
K+ (mmol/L) 4.19 ± 1.03 4.31 ± 1.40 0.866
PT (s) 15.20 (13.25, 19.25) 13.15 (11.90, 14.40) 0.000*
APTT (s) 39.60 (31.55, 55.10) 29.25 (26.00, 36.20) 0.000*
D-dimer (mg/L) 5.42 (1.93, 14.19) 2.09 (0.89, 4.54) 0.000*
Lac (mmol/L) 7.55 (3.80, 14.10) 2.90 (1.80, 4.80) 0.000*
sOHCA score 26.85 (16.22, 36.91) 5.85 (-6.79, 17.08) 0.000*
APACHE II score 26.0 (23.0, 30.0) 19.5 (15.0, 26.0) 0.000*
SOFA score 11.0 (9.0, 13.0) 7.0 (5.0, 9.0) 0.000*
MEWS score 4.0 (2.0, 5.0) 3.0 (2.0, 5.0) 0.000*

Table 3 Screening of independent risk factors for poor neurological outcomes in ROSC patients. * for
p<0.05. Abbreviations: HR heart rate, SBP systolic blood pressure, RR respiratory rate, SpO2 oxygen
saturation, PLT platelet count, TBIL total bilirubin, AST aspartate transaminase, ALB albumin, PT
prothrombin time, APTT activated partial thromboplastin time, Lac lactic acid during resuscitation.

Variants
Univariate analysis Multivariate analysis

β OR 95%CI P β OR 95%CI P
Resuscitation time 0.096 0.909 0.896-0.950 0.000* 0.088 1.092 1.041-1.146 0.000*
HR 0.01 1.01 1.000-1.019 0.040* -0.008 0.992 0.979-1.005 0.24
SBP -0.015 0.986 0.977-0.994 0.001* -0.006 0.994 0.981-1.007 0.345
RR 0.069 1.017 1.013-1.133 0.016* 0.05 1.051 0.972-1.137 0.212
SpO2 -0.056 0.946 0.904-0.989 0.015* -0.022 0.978 0.932-1.026 0.36
Non-shockable rhythm 1.875 6.523 3.326-12.791 0.000* 2.138 8.482 2.837-25.358 0.000*
Non-cardiogenic etiology 1.474 4.366 2.444-7.800 0.000* 1.043 2.838 1.212-6.640 0.016*
PLT -0.004 0.996 0.994-0.998 0.000* -0.003 0.997 0.994-1.000 0.074
TBIL 0.048 1.049 1.018-1.081 0.002* 0.055 1.056 1.010-1.104 0.016*
AST 0.002 1.002 1.000-1.004 0.043* 0 1 0.998-1.002 0.895
ALB -0.103 0.902 0.868-0.937 0.000* -0.104 0.901 0.852-0.953 0.000*
PT 0.063 1.065 1.008-1.125 0.025* -0.035 0.966 0.931-1.002 0.062
APTT 0.045 1.046 1.021-1.071 0.000* 0.014 1.014 0.990-1.038 0.258
D-dimer 0.097 1.102 1.044-1.163 0.000* 0.044 1.045 0.991-1.101 0.103
Lac 0.211 1.235 1.140-1.338 0.000* 0.2 1.222 1.112-1.343 0.000*



Liu et al. Page 15 of 15

Table 4 Efficacy analysis of independent risk factors for the poor prognosis in ROSC patients.
Abbreviations: TBIL total bilirubin, ALB albumin, Lac lactic acid during resuscitation.

AUC Cut-off value Sensitivity (%) Specificity (%) PPV (%) NPV (%) +LR -LR
TBIL 0.666 24.6 (µmol/L) 32.8 94.92 97.9 15.7 6.35 0.72
ALB 0.737 34.5 (g/L) 64.86 76.27 95.4 22.4 22.4 0.46
Lac 0.76 5.3 (mmol/L) 63.06 79.66 95.9 22.3 22.3 0.46
Resuscitation time 0.747 9 (min) 54.73 84.75 96.4 19.9 19.9 0.53

Table 5 Multivariate regression results of selected variables in the test group. * for p<0.05.
Abbreviations: ALB albumin, TBIL total bilirubin, Lac lactic acid during resuscitation.

β Scored OR 95%CI P
ALB (g/L)

>34.5 1 0
5.117 (2.419, 10.821) 0.000*

≤34.5 1.633 2
TBIL (µmol/L)

≤23.6 1 0
11.531 (2.833, 46.940) 0.001*

>23.6 2.445 3
Lac (mmol/L)

≤5.3 1 0
5.449 (2.539,11.694) 0.000*

>5.3 1.695 2
Resuscitation time (min)

>9 1 0
8.929 (3.807,20.943) 0.000*

≤9 2.189 2
Shockable rhythm

Yes 1 0
6.859 (2.559, 18.387) 0.000*

No 1.926 2
Cardiogenic etiology

Yes 1 0
2.517 (1.135, 5.584) 0.023*

No 0.923 1

Table 6 Assessment of poor prognosis of ROSC patients with different scoring system. * for p<0.05.

AUC SE Z P 95%CI
CASPRI 0.896 0.023 17.453 0.000* 0.851, 0.941
APACHE II 0.752 0.036 6.983 0.000* 0.682, 0.822
SOFA 0.815 0.028 11.348 0.000* 0.778, 0.848
MEWS 0.599 0.041 2.421 0.016* 0.518, 0.680
sOHCA 0.829 0.023 14.1 0.000* 0.784, 0.875

Table 7 Comparison of the efficacy of different scoring system in evaluating the prognosis of ROSC
patients. * for p<0.05.

∆A SE Z P 95%CI
CASPRI & APACHE II 0.144 0.035 3.139 <0.001* 0.076, 0.212
CASPRI & SOFA 0.084 0.034 2.478 0.013* 0.018, 0.150
CASPRI & MEWS 0.297 0.041 7.188 <0.001* 0.216, 0.378
CASPRI & sOHCA 0.067 0.028 2.405 0.016* 0.012, 0.121

Table 8 Verification of the efficacy of the CASPRI score in evaluating the prognosis of ROSC
patients.

AUC SE Z P 95%CI
CASPRI 0.831 0.031 10.841 0.000* 0.780, 0.875
APACHE II 0.789 0.042 6.833 0.000* 0.734, 0.837
SOFA 0.726 0.042 5.377 0.000* 0.667, 0.780
MEWS 0.693 0.044 4.42 0.000* 0.632, 0.749
sOHCA 0.791 0.041 7.153 0.000* 0.736, 0.839

Table 9 Comparison of the efficacy of CASPRI and other scoring systems in evaluating the prognosis
of ROSC patients in the validation group.

∆A SE
CASPRI & APACHE II 0.042 0.044
CASPRI & SOFA 0.105 0.049
CASPRI & MEWS 0.139 0.05
CASPRI & sOHCA 0.046 0.042



Figures

Figure 1

Flow of patients.

Figure 2



The e�cacy of independent risk factors for poor neurological prognosis in ROSC patient. a Resuscitation
time, Non-shockable rhythm, Non-cardiogenic etiology, total bilirubin, lactic acid. b Albumin.
Abbreviations: TBIL total bilirubin, Lac lactic acid during resuscitation. According to ROC curve analysis:
TBIL (AUC=0.666), albumin (AUC=0.737), Lac (AUC=0.760), resuscitation time (AUC=0.748)non-
shockable rhythms (0.621), and non-cardiogenic etiologies (AUC=0.640). The cuto values are TBIL
(23.4mol/L), ALB (34.5 g/L), Lac (5.3 mmol/L), and resuscitation time (9 min).

Figure 3

The e�cacy of CASPRI score and other scores in evaluating the prognosis of ROSC patients. CASPRI
score (AUC=0.896), sOHCA score (AUC=0.829), SOFA score (AUC= 0.815), APACHE II score (AUC=0.752), ,
and MEWS score (AUC=0.599).



Figure 4

Comparison of poor neurological prognosis rate in CASPRI predicted high-, intermediate-, and low-risk
groups. High-risk group (HRG), intermediate-risk group (MRG), and low-risk group (LRG).



Figure 5

Verifying the e�cacy of the CASPRI score in evaluating the neurological prognosis of ROSC patients.
CASPRI score (AUC=0.831), SOFA score (AUC=0.726), APACHE II score (AUC=0.789), MEWS score
(AUC=0.693), and sOHCA score (AUC=0.791).
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