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Comparing Rapid Scoring Systems in Mortality Prediction of Critical Ill Patients with Novel 

Coronavirus Disease 

 

Abstract 

Objectives: Rapid and early severity-of-illness assessment appears to be important for critical ill 

patients with novel coronavirus disease (COVID-19). This study aimed to evaluate the performance of 

the rapid scoring system on admission of these patients.  

Methods: 138 medical records of critical ill patients with COVID-19 were included in the study. 

Demographic and clinical characteristics on admission used for calculating Modified Early Warning 

Score (MEWS) and Rapid Emergency Medicine Score (REMS) and outcomes (survival or death) were 

collected for each case and extracted for analysis. All patients were divided into two age subgroups 

(<65 and ≥65years). The receiver operating characteristic curve analyses were performed for overall 

patients and both subgroups. 

Results: The median [25%quartile, 75%quartile] of MEWS of survivors versus non-survivors were 1[1, 

2] and 2[1, 3] and that of REMS were 5[2, 6] and 7[6, 10], respectively. In overall analysis, the area 

under the receiver operating characteristic curve for the REMS in predicting mortality was 0.833 (95% 

CI: 0.737–0.928), higher than that of MEWS (0.677, 95% CI 0.541–0.813). An optimal cut-off of 

REMS (≥6) had a sensitivity of 89.5%, a specificity of 69.8%, a positive predictive value of 39.5%, and 

a negative predictive value of 96.8%. In the analysis of subgroup of patients aged<65years, the area 
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under the receiver operating characteristic curve for the REMS in predicting mortality was 0.863 (95% 

CI: 0.743–0.941), higher than that of MEWS (0.603, 95% CI 0.462–0.732). 

Conclusion: To our knowledge, this study was the first exploration on rapid scoring systems for critical 

ill patients with COVID-19. The REMS could provide emergency clinicians with an effective adjunct 

risk stratification tool for critical ill patients with COVID-19, especially for the patients aged<65 years. 

The effectiveness of REMS for screening these patients is attributed to its high negative predictive 

value. 

 

Keywords: Modified Early Warning Score, Rapid Emergency Medicine Score, Mortality, novel 

coronavirus disease 

 

Introduction 

The novel coronavirus disease (COVID-19), which is an infectious disease caused by the newly 

discovered virus, has quickly become a global threat to health, travel, and commerce [1–3]. Most 

COVID-19 patients will experience mild to moderate respiratory or digestive symptom and recover 

without special therapy. A few COVID-19 patients can have severe disease and be life threatening [4]. 

The mortality of critical ill patients with COVID-19 is reported variously from 11% to 61% and 

dramatically increases among 65 years old patients and above. [4–7]  

 

Reducing mortality of critical ill patients with COVID-19 needs early medical intervention, which 

requires emergency physicians to quickly select severe patients from a large number of patients [8–10]. 

Thus, rapid and effective assessment of these patients is a crucial task in the emergency department. 
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However, this is made particularly difficult because of the lack of medical personnel and patient 

overcrowding. 

 

In the past decades, many researchers have developed physiologic scoring systems for early detection 

of high-risk patients to regulate management of patients in emergency departments [11]. 

 

One of these physiologic scoring systems was the Modified Early Warning Score (MEWS), which 

includes variables such as heart rate, systolic blood pressure, respiratory rate, body temperature, and 

consciousness. Although researchers are still trying to improve its accuracy, the prognostic value of this 

model has been found to be acceptable for application in the emergency department [12]. 

 

Another recently presented model is the Rapid Emergency Medicine Score (REMS) [13]. This model 

incorporates six variables including the heart rate, blood pressure, respiratory rate, Glasgow coma scale 

(GCS), level of oxygen saturation, and chronological age of patients. The REMS model was initially 

proposed for predicting mortality in non-surgical patients admitted to the emergency department [14]. 

Since a limited number of simple variables have been included in MEWS and REMS models, assessing 

and calculating the score based on them is feasible, and they can be easily applied in emergency 

departments.  

 

Thus far, both rapid scoring systems have been widely used in the emergency department [15, 16].To 

our knowledge; no studies have compared the effectiveness of different scoring systems for critical ill 

patients with COVID-19. Accordingly, this study aimed to assess and compare the prognostic value of 
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MEWS and REMS models for in-hospital mortality of critical ill patients with COVID-19 presenting to 

the emergency department. 

 

Methods 

Study Design 

This study was a retrospective review of electronic patient care reports from an emergency medical 

team of a Chinese hospital. The team, which was composed of 131 medical members from China 

International Emergency Medical Team (Sichuan), was deployed to Wuhan from February 7 to 

independently manage the COVID-19 ward. The COVID-19 ward, which contained 80 beds, was built 

temporarily for COVID-19 patients. 

 

Study subjects and setting 

We collected study subjects through a computer-aided systemic search of the registration system of the 

COVID-19 ward from February 7, 2020, to March 7, 2020. Then, we included 138 patients aged>18 

years with the diagnosis of COVID-19 (critical). The criteria for COVID-19 diagnosis, classification 

and treatment used at the COVID-19 ward followed the recommendations of the Diagnosis and 

Treatment Plan of Novel Coronavirus (Version 6) issued by the National Health Commission of China. 

Then, we divided all the patients into two age subgroups (<65 and ≥65years) for analysis.  

The local Institutional Review Committee approved the study and waived the requirement for informed 

consent from the study subjects due to the study design. The study complied with the Declaration of 

Helsinki. And the accessed data were anonymized. 
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Measurement 

Demographic data, clinical manifestations at admission, treatments, and outcomes in the medical 

reports of COVID-19 patients included in the study were collected and analyzed. These data included 

all the factors needed for calculating MEWS and REMS models. Individual scores of MEWS were 

calculated based on heart rate(beats/min), systolic blood pressure (mmHg), respiratory 

rate(breaths/min), body temperature(°C),and consciousness. Likewise, individual scores of REMS were 

calculated based on mean arterial pressure (mmHg), pulse rate (beats/min), respiratory rate 

(breaths/min), oxygen saturation (%), GCS, and patient age (year).Case fatality was defined as death 

during hospitalization. 

 

Statistical analysis 

Descriptive data are reported as mean ± standard deviation for continuous variable of normal 

distribution, median [25%quartile, 75%quartile] for continuous variable of non-normal distribution, 

and percentages for categorical data.  

 

Continuous data of normal distribution were tested using the Student t test, continuous data of 

non-normal distribution were tested using the Mann–Whitney U test for non-normal distribution, and 

categorical variables were compared by either the chi-square test or Fisher exact test (when the 

expected value<5 in one cell), as appropriate.  
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We compared variables including demographics, clinical features, laboratory results, and rapid 

physiologic scoring systems (MEWS and REMS) between survivors and non-survivors. The receiver 

operating characteristic (ROC) curve analysis was used for the assessment of the discriminatory power 

of both MEWS and REMS. 

 

The ability of both rapid scoring systems to discriminate between survivors and non-survivors was 

evaluated by calculating the area under the curve (AUC) of the ROC and its 95% confidence interval 

(95%CI). Delong’s test [17] was applied for comparison of AUCs of MEWS and REMS.  

 

The optimal cutoff value for predicting COVID-19 mortality equals the score with the largest Youden’s 

index for each rapid scoring system. Based on the optimal cutoff value, we calculated the sensitivity, 

specificity, positive predictive value (PPV), and negative predictive value (NPV) for assessment of 

both rapid scoring systems. A critical α value of .05 was accepted as statistically significant. 

 

Data were entered into IBM Statistical Product and Service Solutions (SPSS) Statistics for Windows, 

version 20 (IBM Corp., Armonk, NY) and were analyzed by MedCalc® version 12.7 (MedCalc 

Software bvba, Ostend, Belgium). 

 

Results 

Baseline characteristics 

Excluding 33 missing data, 105 cases were analyzed (Fig.1). In total, the mean age was 60.82±16.32 

years, and 54 patients (50.94%) were male. Baseline characteristics are listed in Table 3. In terms of 
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consciousness, all survivors were alert. Only two non-survivors had altered consciousness: one was 

reacting to verbal stimuli, and the other was reacting to pain. 

 

[Insert Figure 1 here] 

Fig. 1 Flow chart of cases exclusion. 

From all 138 cases, we excluded 15 cases are missing information on motor response used to 

calculate GCS, 11 cases are missing information on verbal response used to calculate GCS, and 7 

cases are missing information on oxygen saturation. Finally, we analyzed 105 cases. 

 

[Insert Table 1 here] 

Table 1 Comparison of the characteristics of survivors and non-survivors 

 

The characteristics with significant difference, expressed in terms of survivors versus non-survivors, 

were as follows: ages of 57.71±15.34 versus 75.05±12.94 years, respiratory rate of 20.27±3.27 versus 

23.21±5.38 breath per minute, systolic blood pressure of 130.79±18.33 versus 143.26±24.85mmHg, 

peripheral oxygen saturation of 96.17±3.1 versus 86.53±12.46% and GCS of 15[15, 15] versus 15[15, 

15]. The median [25%quartile, 75%quartile] of MEWS of survivors versus non-survivors were 1[1, 2] 

and 2[1, 3] and that of REMS were 5[2, 6] and 7[6, 10], respectively. 

 

In Table 1, we also reported existing underlying diseases between the survivors and non-survivors, 

including diabetes, hypertension, cardiovascular disease, chronic pulmonary disease, cerebral vascular 

disease, and malignant tumor.  
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Overall analysis 

The Part A of Figure 2 depicts the ROC of MEWS and REMS models in predicting in-hospital 

mortality. The AUC of MEWS and REMS models in predicting in-hospital mortality were 0.677 (95% 

CI 0.579 – 0.765) and 0.841 (95% CI 0.757 – 0.905), respectively, and the difference between the two 

was found to be statistically significant (p=0.028<0.05) (Table 2). 

 

[Insert Figure 2 here] 

Fig. 2 ROC of MEWS and REMS models in predicting in-hospital mortality 

(A) The ROC of MEWS and REMS models of overall critical ill patients; (B)The ROC of MEWS 

and REMS models in the subgroup of persons aged <65 years; (C) The ROC of MEWS and 

REMS models in the subgroup of persons aged ≥65 years. The area under the curve of the solid 

line, which represents REMS, is greater than the area under the curve of the dotted line, which 

indicates MEWS. MEWS, Modified Early Warning Score; REMS, Rapid Emergency Medicine 

Score; ROC, Receiver Operating Characteristic curve 

 

[Insert Table 2 here] 

Table 2 AUC of MEWS and REMS models in predicting in-hospital mortality 

MEWS, Modified Early Warning Score; REMS, Rapid Emergency Medicine Score; AUC, area under 

the receiver operating characteristic curve 
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The various cut-off values and corresponding diagnostic performance for differentiating the 

non-survivors from survivors were list in Table 3. According to the best Youden’s index, an optimum 

cut-off value of 2 was used to predict in-hospital mortality using the MEWS, with a sensitivity, 

specificity, PPV, and NPV of 68.42%, 65.12%, 30.23%, and 90.32%, respectively. Likewise, an 

optimum cut-off value of 6 was used to predict in-hospital mortality using the REMS, with a sensitivity, 

specificity, PPV, and NPV of 89.47%, 69.77%, 39.53%, and 96.77%, respectively. 

 

[Insert Table 3 here] 

Table 3. Sensitivities and specificities of MEWS and REMS for predicting in-hospital mortality 

 

The sensitivity and the specificity of REMS model were considerably higher than MEWS. Therefore, 

the value of the REMS model in predicting mortality in COVID-19 patients is better than that of the 

MEWS model. 

 

Subgroup analysis 

The Part B and C of Figure 2 depict the ROC of MEWS and REMS models of subgroups in predicting 

in-hospital mortality. The AUC of MEWS and REMS models in subgroup of persons aged <65 years 

were 0.603 (95% CI 0.462 – 0.732) and 0.863 (95% CI 0.743 – 0.941), respectively, and the difference 

between the two was found to be statistically significant (p=0.026<0.05). And the AUC of MEWS and 

REMS models in the subgroup of persons aged ≥65 years were 0.708 (95% CI 0.562 – 0.828) and 

0.766 (95% CI 0.625 – 0.874), respectively, and the difference between the two was no statistically 

significant (p=0.416>0.05) (Table 2).  
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In the subgroup of persons aged <65 years, according to the best Youden’s index, an optimum cut-off 

value of 1 was used to predict in-hospital mortality using the MEWS, with a sensitivity, specificity, 

PPV, and NPV of 100.00%, 49.50%, 7.27%, and 100.00%, respectively. Likewise, an optimum cut-off 

value of 5 was used to predict in-hospital mortality using the REMS, with a sensitivity, specificity, PPV, 

and NPV of 75.00%, 90.10%, 23.08%, and 98.91%, respectively.(Table 3) 

 

In the subgroup of persons aged ≥65 years, according to the best Youden’s index, an optimum cut-off 

value of 1 was used to predict in-hospital mortality using the MEWS, with a sensitivity, specificity, 

PPV, and NPV of 100.00%, 61.11%, 30.00%, and 100.00%, respectively. Likewise, an optimum cut-off 

value of 6 was used to predict in-hospital mortality using the REMS, with a sensitivity, specificity, PPV, 

and NPV of 100.00%, 75.56%, 40.54%, and 100.00%, respectively. (Table 3) 

 

Discussion 

COVID-19 is a new infectious disease discovered in December 2019. The use of screening methods for 

critically ill patients could help emergency physicians to respond the COVID-19 epidemic. In this study, 

the univariate analysis found a significant difference between survivors and non-survivors in terms of 

age, respiratory rate, systolic blood pressure, SpO2, and GCS. We also reported that the proportion of 

critical ill patients with COVID-19 with existing underlying diseases of chronic pulmonary disease and 

cerebral vascular disease was higher in non-survivors than in survivors. Some other studies had 

explored prognosis factors: Chen [18] analyzed 64 COVID-19 patients and reported that being elderly 

and having underlying diseases were related to disease severity. Zhu et al. [19] reported that the 
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COVID-19 patients with diabetes, chronic obstructive pulmonary disease, tumors, or autoimmune 

diseases should be considered as potentially severe patients. To date, most studies on prognosis 

predictors focused on the indices of laboratory examination such as D-dimer, myoglobin, troponin, 

lymphocytes and lactate dehydrogenase [19–20]. Further, some studies explored rapid simple 

assessment for COVID-19 patients, such as tests for vital signs or consciousness, available in the 

emergency department. Nevertheless, the sample sizes of these studies, including ours, were small. 

Thus, further studies are needed to confirm our findings. 

 

Given various predictors for COVID-19 patients, a comprehensive scoring system involving multiple 

factors may enable the more accurate screening of COVID-19 patients [21]. To our knowledge, no 

study has assessed the predictive value of a rapid scoring system for in-hospital mortality of COVID-19 

in the emergency department. In this study, we analyzed two rapid scoring systems (MEWS and REMS) 

used to assess in-hospital mortality in patients with COVID-19. 

The MEWS was a modified version of the Early Warning Score developed in 2000 by Subbe et al. [12]. 

As a bedside tool that can be computed easily in a busy clinical area, MEWS might help identify the 

need for active intervention in the setting of emergency patients[22, 23].The REMS was developed in 

2003 by Olsson et al. [13] and was based on a retrospective observational study from 12,006 

nonsurgical patients. Olsson et al. [24–26] were able to accurately predict mortality based on six 

variables acquired easily in the emergency department. They suggested that the REMS is a simple and 

powerful tool that adequately predict in-hospital mortality, in contrast to other existing scores that are 

not suitable for early use in patients admitted to the emergency department for a wide range of common 

nonsurgical disorders. 
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In our analysis, both MEWS and REMS illustrated acceptable predictive values for in-hospital 

mortality as reflected in the ROC curves. In addition, the AUC of REMS was greater than that of 

MEWS, so we considered the accuracy of REMS higher. The advantages of REMS are its more 

suitable physiological parameters and the inclusion of four important variables (age, respiratory rate, 

SpO2, and GCS), allowing stratification of patients with higher accuracy. 

 

In overall analysis, the AUC value of REMS is 0.841, which also indicated that it was ideal for 

predicting mortality in COVID-19 patients. A high NPV of 96.77% for REMS enabled emergency 

physicians to decisively exclude COVID-19 patients with an REMS score below 6 from the high-risk 

group. In the subgroup of persons aged <65 years, the REMS score for predicting in-hospital mortality 

is superior to MEWS; while in the subgroup of persons aged ≥65 years, both scores are at the same 

performance. The results of the subgroup analysis suggest that the advantage of REMS lies in its 

predictive effect on patients aged <65 years. The critically ill patients aged <65 years with a high 

REMS score have a poor prognosis. 

 

Although REMS contains more parameters than MEWS, additional information required can be easily 

determined through medical assessment and point-of-care testing. We nevertheless recognize that when 

REMS parameters cannot be completed in the emergency department, MEWS, which also has a high 

NPV (90.32%) for screening, is also a second option for COVID-19 patients. Although not as good as 

REMS, the prediction accuracy of MEWS was acceptable. 
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Limitations 

To our knowledge, this is the first study to explore the effectiveness of rapid scoring systems for critical 

ill patients with COVID-19 and possessed practical value in the rapid screening for them. However, its 

limitations should be considered. First, this study is limited by a small number of samples. More 

studies which include a large number of COVID-19 patients who fulfill these criteria would aid in 

providing a more effective assessment of REMS and MEWS. Second, in our study, the prognostic 

values of the scoring systems among the patient subgroups with different ages were not analyzed 

because of the limited sample size. Third, many rapid scoring tools were widely used in the emergency 

department. However, in this retrospective study from medical records, we could only collect limited 

information which could calculate REMS and MEWS. The effectiveness of other rapid scoring systems 

needed should be explored in the future. Fourth, out-of-hospital treatment and care were neglected on 

account of unavailable information. Finally, this single-center study was also affected by selective bias 

in COVID-19 patients of the special COVID-19 ward. Further multicenter studies to prospectively 

validate the use of REMS and MEWS in critical ill patients with COVID-19 were also required. 

 

Conclusion 

Both MEWS and REMS demonstrated acceptable predictive values for the in-hospital mortality of 

critical ill patients with COVID-19. If each parameter could be collected in a busy emergency 

department, REMS might be more accurate than MEWS for critical ill patients with COVID-19, 

especially for the patients aged<65 years. The REMS could provide emergency clinicians with an 

effective adjunct risk stratification tool for such patients, because of its high negative predictive value. 

 

 



A
cc

ep
te

d
 A

rt
ic

le
 

This article is protected by copyright. All rights reserved 

 

 

Acknowledgements: 

This work was financially supported by the Novel Coronavirus Research Fund of West China Hospital, 

Sichuan University (HX2019nCoV063). 

We would like to thank all the physicians and nurses who worked in the COVID-19 ward for helping us 

collect the data. And we would like to thank Editage (www.editage.cn) for English language editing. 

 

Declaration of Interest: 

The authors declared there are no conflicts of interest. 

 

Reference 

1. Guo YR, Cao QD, Hong ZS, Tan YY, Chen SD, Jin HJ, et al.The origin, transmission and clinical 

therapies on coronavirus disease 2019 (COVID-19) outbreak - an update on the status.Mil Med Res. 

2020; 7(1):11. https://doi.org/10.1186/s40779-020-00240-0. 

2. Catrin Sohrabi, Zaid Alsafi, Niamh O'Neill, Mehdi Khan, Ahmed Kerwan, Ahmed Al-Jabir, et al. 

World Health Organization declares global emergency: A review of the 2019 novel coronavirus 

(COVID-19).International Journal of Surgery.2020; 76 ： 71-76. 

https://doi.org/10.1016/j.ijsu.2020.02.034 

3. Prem K, Liu Y, Russell TW, Kucharski AJ, Eggo RM, Davies N, et al. The effect of control strategies 

to reduce social mixing on outcomes of the COVID-19 epidemic in Wuhan, China: a modelling study. 

Lancet Public Health. 2020; 25: S2468-2667(20)30073-6. https://doi.org/ 

10.1016/S2468-2667(20)30073-6. 

4. Nanshan Chen, Min Zhou, Xuan Dong, Jieming Qu, Fengyun Gong, Yang Han, et al. 

Epidemiological and clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in 

Wuhan, China: a descriptive study. Lancet. 2020; 395(10223):507-513. https://doi.org/ 

10.1016/S0140-6736(20)30211-7. 

5. Huang C, Wang Y, Li X,et al.Clinical features of patients infected with 2019 novel coronavirus in 

Wuhan, China. Lancet. 2020; 395(10223):497-506. https://doi.org/10.1016/S0140-6736(20)30183-5. 

6. Bhatraju PK, Ghassemieh BJ, Nichols M, et al.Covid-19 in critically ill patients in the seattle Region 

- case series.N Engl J Med. 2020; https://doi.org/10.1056/NEJMoa2004500.（in press） 

7. Yang X, Yu Y, Xu J,et al.Clinical course and outcomes of critically ill patients with SARS-CoV-2 

pneumonia in Wuhan, China: a single-centered, retrospective, observational study.Lancet Respir Med. 

2020; 24: S2213-2600(20)30079-5. https://doi.org/10.1016/S2213-2600(20)30079-5. 

8. Zhang Jingmin, Gao Yongli. Nursing management of 2019-nCoV pneumonia in Emergency 

Department. Basic and Clinical Medicine 2020; 40(4):448-450. 

https://doi.org/10.16352/j.issn.1001-6325.20200320.004 

9. H S Tang, Z Q Yao, W M Wang. Emergency management of prevention and control of novel 

coronavirus pneumonia in departments of stomatology. Chinese journal of stomatology.2020; 55:E002. 

https://doi.org/10.3760/cma.j.cn112144-20200205-00037. 

10. Zhang G, Zhang J, Wang B, Zhu X, Wang Q, Qiu S. Analysis of clinical characteristics and 

laboratory findings of 95 cases of 2019 novel coronavirus pneumonia in Wuhan, China: a retrospective 

analysis. Respir Res. 2020; 21(1):74. https://doi.org/ 10.1186/s12931-020-01338-8. 

11. Babak Nakhjavan-Shahraki, Masoud Baikpour, Mahmoud Yousefifard, Zahra Sadat Nikseresht, 

https://www.ncbi.nlm.nih.gov/pubmed/32007143


A
cc

ep
te

d
 A

rt
ic

le
 

This article is protected by copyright. All rights reserved 

Samaneh Abiri, JalaledinMirzay Razaz, et al. Rapid Acute Physiology Score versus Rapid Emergency 

Medicine Score in TraumaOutcomePrediction; a Comparative Study. Emergency, 2017; 5 (1): e30. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5325900/pdf/emerg-5-e30.pdf 

12. Subbe CP, Kruger M, Ruther Ford B. VaLidation of a modified early warning score in medical 

admissions.QJ Med. 2001; 94(10):52l-526. https://doi.org/ 10.1093/qjmed/94.10.521 

13. Olsson T, Terent A, Lind L. Rapid Emergency Medicine score: a newprognostic tool for in-hospital 

mortality in nonsurgical emergencydepartment patients. J Intern Med 2004; 255:579–587. 

https://doi.org/ 10.1111/j.1365-2796.2004.01321.x 

14. Kuo SH, Tsai CF, Li CR, Tsai SJ, Chao WN, Chan KS, et al. Rapid Emergency Medicine Score as a 

main predictor of mortality in Vibrio vulnificus-related patients.Am J Emerg Med. 2013;31(7):1037-41. 

https://doi.org/ 10.1016/j.ajem.2013.03.030 

15. Churpek MM, Snyder A, Han X. Quick Sepsis - related Organ Failure Assessment, Systemic 

Inflammatory Response Syndrome, and Early Warning Scores for Detecting Clinical Deterioration in 

Infected Patients outside the Intensive Care Unit. Am J Respir Criti Care Med, 2017;  195(7): 906 

-911. https://doi.org/ 10.1164/rccm.201604-0854OC. 

16. Chang SH, Hsieh CH, Weng YM, Hsieh MS, Goh ZNL, Chen HY, et al. Performance Assessment 

of the Mortality in Emergency Department Sepsis Score, Modified Early Warning Score, Rapid 

Emergency Medicine Score, and Rapid Acute Physiology Score in Predicting Survival Outcomes of 

Adult Renal Abscess Patients in the Emergency Department. Biomed Res Int. 2018;  9:6983568. 

https://doi.org/ 10.1155/2018/6983568. 

17. DeLong ER, DeLong DM, Clarke-Pearson DL. Comparing the Areas under Two or More 

Correlated Receiver Operating Characteristic Curves: A Nonparametric Approach. Biometrics, 1988;  

44(3), 837. https://doi.org/ 10.2307/2531595. 

18. Chen Zhiyong, Cheng Zhengyin, Zhang Xuhui, Xu Hailin, Chen Hongcai, Yu Hongtao, et al. 

Clinical manifestations and CT characteristics of corona virus disease 2019 (COVID-19). Radiological 

practice. 2020; (3): 286-290. https://doi.org/ 10.13609/j.cnki.1000-0313.2020.03.009. 

19. ZHU Yuan-chao，TAN Ling，LIU Lei, LI Ke-xin，QI Wen-yuan，HU Xin. Comparative analysis 

of characteristics and medications between corona virus disease 2019 and severe acute repiratory 

syndrome. Clinical Medication Journal. 2020; 18(2):15-23. https://doi.org/10. 3969/j. issn. 1672-3384. 

2020. 02. 004 

20. Jia Ming, Wang Hong, Song Chunli, Wang Kun. Literature review and research overview of novel 

coronavirus pneumonia. Shanxi Medical Journal 2020;  49 (03), 259-263. 

https://doi.org/10.3969/j.issn.1000-7377.2020.03.001. 

21. WANG Rong, XIE Lingli, DU Peng, FAN Huiqian, SONG Mingyu. Clinical characteristics of 96 

hospitalized patients with coronavirus disease 2019. Chinese Journal of Respiratory and Critical Care 

Medicine. 2020; 19(2):144-147. https://doi.org/ 10.7507/1671-6205.202002066. 

22. Montenegro SMSL, Rodrigues CHM. Evaluation of the performance of the modified early warning 

score in a Brazilian public hospital. Revista Brasileira De Enfermagem. 2019;  72(6)：1428-1434. 

https://doi.org/ 10.1590/0034-7167-2017-0537. 

23. Olino, Luciana, de Carvalho Gongalves Annelise, Rodrigues Strada Juliana Karine, Vieira Letícia 

Becker, Paz Machado Maria Luiza, Molina Karine Lorenzen, et al. Effective communication for patient 

safety: transfer note and Modified Early Warning Score. Revista Gaucha de Enfermagem. 2019;  40: 

1-8. https://doi.org/ 10.1590/1983-1447.2019.20180341. 

24. Olsson T, Lind L. Comparison of the Rapid Emergency Medicine scoreand APACHE II in 



A
cc

ep
te

d
 A

rt
ic

le
 

This article is protected by copyright. All rights reserved 

nonsurgical emergency department patients.AcadEmerg Med 2003;  10:1040–1048. https://doi.org/ 

10.1111/j.1553-2712.2003.tb00572.x 

25. Olsson T, Terent A, Lind L. Rapid Emergency Medicine Score can predictlong-term mortality in 

nonsurgical emergency department patients. AcadEmerg Med 2004;  11:1008–1013. https://doi.org/ 

10.1197/j.aem.2004.05.027 

26. Olsson T, Terent A, Lind L. Charlson Comorbidity Index can addprognostic information to Rapid 

Emergency Medicine Score as apredictor of long-term mortality. Eur J Emerg Med 2005; 12:220–224. 

https://doi.org/ 10.1097/ 00063110-200510000-00004. 

 

 

 

Table 1. Comparison of the baseline characteristics of survivors and non-survivors 

Variable Survivors 

N=86 

Non-survivors 

N=19 

p value 

Male(number) 48(55.81%) 14(73.68%) 
0.152 

Female(number) 38(44.19%) 5(26.31%) 

Age(years) 57.71±15.34 75.05±12.94 <0.001* 

Pre-hospital Day(day) 10.24±7.51 8.37±5.78 0.309 

PR(/min) 84.23±17.48 87.47±13.56 0.450 

HR(/min) 84.23±17.48 87.47±13.56 0.450 

RR(/min) 20.27±3.27 23.21±5.38 0.032* 

Temperature(℃) 36.62±0.48 36.71±0.72 0.826 

SBP(mmHg) 130.79±18.33 143.26±24.85 0.014* 

DBP(mmHg) 80.76±11.01 83.95±14.12 0.281 

MAP(mmHg) 97.07±12.35 103.42±15.91 0.057 

SpO2 (%) 96.17±3.1 86.53±12.46 0.003* 

GCS(score) 15[15, 15] 15[15, 15] 0.003* 

Underlying Disease    

diabetes 0(0.00%) 4(4.65%) 0.444 

hypertension 6(31.58%) 22(25.58%) 0.593 

cardiovascular disease 1(5.26%) 5(5.81%) 0.925 

chronic pulmonary disease 5(26.32%) 7(8.14%) 0.040* 

cerebral vascular disease 3(15.79%) 1(1.16%) 0.018* 

malignant tumor 1(5.26%) 5(5.81%) 0.703 

MEWS(score) 1[1, 2] 2[1, 3] 0.006* 

REMS(score) 5[2, 6] 7[6, 10] <0.001* 

PR: pulse rate; HR: heart rate; RR: respiratory rate; SBP: systolic blood pressure; DBP: diastolic blood 

pressure; MAP: mean arterial pressure; SpO2: peripheral oxygen saturation; GCS: Glasgow Coma 

Scale; MEWS: Modified Early Warning Score; REMS: Rapid Emergency Medicine Score.  

*p<0.05 
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Table 2. The AUC of MEWS and REMS models in predicting in-hospital mortality 

 

 Models AUC  95%C.I. of 

AUC 

△AUC z statistic p value 

Overall MEWS 0.677 0.579 to 0.765 
0.164 2.992 0.028* 

(n=105) REMS 0.841 0.757 to 0.905 

Subgroup       

Age<65years MEWS 0.603 0.462 to 0.732 
0.260 2.223 0.026* 

(n=55) REMS 0.863 0.743 to 0.941 

       

Age≥65years MEWS 0.708 0.562 to 0.828 
0.0581 0.813 0.416 

(n=50) REMS 0.766 0.625 to 0.874 

AUC: area under the curve of the Receiver Operating Characteristic 

95%C.I.: 95%Confidence Interval 

△AUC: Difference between AUCs 

MEWS: Modified Early Warning Score 

REMS: Rapid Emergency Medicine Score 

*p<0.05 

 

 

 

Table 3. Sensitivities and specificities of MEWS and REMS for predicting in-hospital mortality 

 Models cutoff 

value 

Youden’s 

index 

Sen. 

(%) 

Spe. (%) PPV (%) NPV (%) 

Overall        

 MEWS 1 0.00 100.00 0.00 18.10 N/A 

  2 0.34* 68.42 65.12 30.23 90.32 

  3 0.22 36.84 84.88 35.00 85.88 

  4 0.02 10.53 91.86 22.22 82.29 

  5 0.09 10.53 98.84 66.67 83.33 

  6 0.05 5.26 100.00 100.00 82.69 

        

 REMS 1 0.19 100.00 18.60 21.35 100.00 

  2 0.19 100.00 18.60 21.35 100.00 

  3 0.25 94.74 30.23 23.08 96.30 

  4 0.37 94.74 41.86 26.47 97.30 

  5 0.41 94.74 46.51 28.13 97.56 

  6 0.59* 89.47 69.77 39.53 96.77 

  7 0.38 57.89 80.23 39.29 89.61 

  8 0.39 47.37 91.86 56.25 88.76 

  9 0.31 36.84 94.19 58.33 87.10 

  10 0.26 31.58 94.19 54.55 86.17 
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Subgroup        

Age<65years MEWS 1 0.50* 100.00 49.50 7.27 100.00 

(n=55)  2 0.33 50.00 83.17 10.53 97.67 

  3 0.16 25.00 91.09 10.00 96.84 

  4 0.20 25.00 95.05 16.67 96.97 

  5 0.24 25.00 99.01 50.00 97.09 

  6 0.25 25.00 100.00 100.00 97.12 

        

 REMS 3 0.51 75.00 76.24 11.11 98.72 

  4 0.61 75.00 86.14 17.65 98.86 

  5 0.65* 75.00 90.10 23.08 98.91 

  6 0.47 50.00 97.03 40.00 98.00 

  7 0.24 25.00 99.01 50.00 97.09 

        

Age≥65years MEWS 1 0.61* 100.00 61.11 30.00 100.00 

(n=50)  2 0.59 73.33 85.56 45.83 95.06 

  3 0.36 40.00 95.56 60.00 90.53 

  4 0.04 6.67 97.78 33.33 86.27 

  5 0.07 6.67 100.00 100.00 86.54 

        

 REMS 4 0.61 100.00 61.11 30.00 100.00 

  5 0.61 100.00 61.11 30.00 100.00 

  6 0.76* 100.00 75.56 40.54 100.00 

  7 0.50 66.67 83.33 40.00 93.75 

  8 0.48 53.33 94.44 61.54 92.39 

  9 0.42 46.67 95.56 63.64 91.49 

        

Sen.: Sensitivity; Spe.: Specificity; PPV: positive predictive value; NPV: negative predictive value; 

N/A: Unable to calculate because the denominator is zero; MEWS: Modified Early Warning Score; 

REMS: Rapid Emergency Medicine Score.  

*the largest Youden’s index 

 

 



 138 enrolled records(100%)  

15 (10.9%) cases are missing information on motor 

response used to calculate Glasgow Coma Scale 

 

11 (7.9%) cases are missing information on verbal 

response used to calculate Glasgow Coma Scale 

7 (5.1%) cases are missing information on oxygen 

saturation  

105 available records in the 

analysis(76.1%)  
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