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Abstract

Objective—Assess the accuracy of three early warning scores for predicting severe adverse 

events in postoperative inpatients.

Summary Background Data—Postoperative clinical deterioration on inpatient hospital 

services is associated with increased morbidity, mortality, and cost. Early warning scores have 

been developed to detect inpatient clinical deterioration and trigger rapid response activation, but 

knowledge regarding the application of early warning scores to postoperative inpatients is limited.

Methods—This was a retrospective cohort study of adult patients hospitalized on the wards 

following surgical procedures at an urban academic medical center from 11/2008 to 1/2016. The 

accuracies of the Modified Early Warning Score (MEWS), National Early Warning Score 

(NEWS), and the electronic Cardiac Arrest Risk Triage (eCART) score were compared in 

predicting severe adverse events (ICU transfer, ward cardiac arrest, or ward death) in the 

postoperative period using the area under the receiver operating characteristic curve (AUC).

Results—Of the 32,537 patient admissions included in the study, 3.8% (n=1,243) experienced a 

severe adverse outcome following the procedure. The accuracy for predicting the composite 

outcome was highest for eCART (AUC 0.79 [95% CI: 0.78–0.81]), followed by NEWS (AUC 0.76 

[95% CI: 0.75–0.78]), and MEWS (AUC 0.75 [95% CI: 0.73–0.76]). Of the individual vital signs 

and labs, maximum respiratory rate was the most predictive (AUC 0.67) and maximum 

temperature was an inverse predictor (AUC 0.46).
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Conclusions—Early warning scores are predictive of severe adverse events in postoperative 

patients. eCART is significantly more accurate in this patient population than both NEWS and 

MEWS.

MINI-ABSTRACT

Early warning scores are useful in the detection of clinical deterioration, but knowledge regarding 

their application to postoperative inpatients is limited. Comparison of three early warning scores 

finds them to be predictive of severe adverse events in postoperative patients and reveals eCART 

to be more accurate than NEWS and MEWS.

INTRODUCTION

There are several validated perioperative risk assessment tools which are widely used in 

surgical decision-making and risk modification, including the American Society of 

Anesthesiologists (ASA) Physical Status classification system, the American College of 

Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) surgical risk 

calculator, and the surgical Apgar score (SAS) (1–3). Although these tools have 

demonstrated value in the perioperative setting, they are either designed for preoperative 

(ASA and ACS-NSQIP) risk assessment or based entirely on intraoperative data (SAS). 

Consequently they do not account for postoperative physiology. Therefore, there are many 

circumstances where their utility for guiding postoperative care on the medical-surgical 

wards in the hospital is limited (1,4).

Early warning scores, on the other hand, such as the Modified Early Warning Score 

(MEWS) (5) and National Early Warning Score (NEWS) (6), are increasingly being used to 

dynamically risk stratify general ward patients (7). Recent studies in patients admitted to 

surgical services have found them to have good predictive accuracy for adverse events, 

including cardiac arrest, unplanned ICU transfer, and death (8–13). More recently, electronic 

databases and advanced statistics have enabled increasingly complex early warning scores, 

such as the electronic Cardiac Arrest Risk Triage (eCART) score (14–17), which utilizes 33 

time-varying parameters including both vital signs and laboratory data and has been shown 

to be more accurate than MEWS in the general inpatient population (16). However, the 

predictive ability of eCART has not been investigated specifically in surgical patients. We 

therefore sought to determine the ability of eCART to predict severe adverse events in the 

postoperative period and to compare its accuracy to that of MEWS and NEWS.

METHODS

Study Population and Data Collection

We conducted a retrospective cohort study of all adult patients admitted to inpatient surgical 

service following an operative procedure at the University of Chicago from November 2008 

to January 2016. Patients with operating room (OR) procedural events were identified via 

EPIC OpTime. Postoperative ward stay was defined by the presence of at least one 

postoperative ward vital sign following the first OR visit. Surgical procedures were defined 

through a reproducible, text-based, selection criteria applied to OR procedure descriptions 

obtained from EPIC OpTime. The selection criteria were reviewed by three surgeons [K.R., 
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A.B., and A.S.] and were designed to remove minor endoscopic and interventional radiology 

procedures (e.g. endoscopic procedures, uteroscopies, pacemaker insertions, and 

interventional radiology procedures) (Appendix 1).

Patient demographic information was obtained from administrative databases, and time- and 

location-stamped vital sign and laboratory results were obtained from electronic health 

record data (EPIC, Verona, WI), as described previously (14–16). Cardiac arrest was 

identified using a previously described quality improvement database (14). The study 

protocol was designated as “not human subject’s research” by the University of Chicago 

Institutional Review Board (IRB #15-0195).

Analysis

The primary outcome was a composite of ward cardiac arrest, ward to ICU transfer, or ward 

death during the postoperative period. Only the first postoperative outcome of each 

encounter was included in the analysis. To ensure that the outcome was related to a single 

procedure, any observations following a subsequent return to the operating room were 

censored from the analysis.

The early warning score algorithms used were the previously validated MEWS (5), NEWS 

(6), and eCART (15,16) scores. Scores were calculated each time a new predictor variable 

measurement became available. For time points that were missing predictor values, previous 

values were carried forward. If no previous values were available, the median value for that 

variable was imputed (16).

Area under the receiver operating characteristic curves (AUC) were calculated for the 

combined outcome for each early warning score using the maximum ward score value 

during the first postoperative period for each encounter. Early warning scores were not 

calculated 30 minutes prior to an outcome occurring due to the limitations in the accuracy of 

the location data within this timeframe.

Patient characteristics of the outcome and no outcome groups were compared using t-tests, 

Wilcoxon rank sum tests, and Chi-squared tests as appropriate. All analyses were performed 

using Stata version 14.1 (StataCorp, College Station, TX), with a p value less than 0.05 

denoting statistical significance.

RESULTS

A total of 39,009 patients experienced an OR stay and a subsequent admission to the general 

ward. Of those, 6,472 did not undergo a previously specified surgical procedure and were 

excluded from the analysis, resulting in a final population of 32,537 patients. The final 

population contained 1,243 (3.8%) patients who experienced a clinical deterioration event 

during the postoperative period, consisting of 1,189 unplanned ICU transfers, 29 ward 

cardiac arrests, and 25 ward deaths (Appendix 2).

Compared to the patients that did not experience an adverse outcome, patients who 

experienced an adverse outcome were more likely to have been admitted to the hospital prior 

to the operation (64% vs 32%, p<0.001) and have longer preoperative stays (median 3.0 
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[IQR, 1.2–6.8] vs 2.0 [IQR, 0.9–4.7] days, p<0.001) (Table 1). Patients who experienced an 

outcome were also more likely to spend their initial postoperative period in the ICU, prior to 

transfer to the wards (31% vs 20%, p<0.001). Additionally, patients who experienced an 

outcome were older on average (mean age 60 years [SD=16] vs 54 years [SD=17], p<0.001).

Evaluation of the predictive accuracy of select vital signs and labs revealed that several 

single variables, such as respiratory rate (AUC 0.67 [95% CI: 0.65–0.69]), heart rate (AUC 

0.66 [95% CI: 0.64–0.68]), and blood urea nitrogen (BUN) (0.65 [95% CI: 0.63–0.67]) had 

moderate accuracy (Figure 1). Oppositely, the maximum postoperative temperature was 

found to be an inverse predictor (AUC 0.46 [95% CI: 0.44–0.48]). Although some individual 

parameters had moderate accuracy, the early warning scores were more accurate than any 

individual parameter. Accuracy for predicting the composite outcome was highest for 

eCART (AUC 0.79 [95% CI: 0.78–0.81]), followed by NEWS (AUC 0.76 [95% CI: 0.75–

0.78]), and MEWS (AUC 0.75 [95% CI: 0.73–0.76]) (p<0.001 for all comparisons). A 

NEWS cut-off of ≥7 resulted in a sensitivity of 75% and a specificity of 64% (Table 2); at 

the same sensitivity, eCART (outcome probability cut-off≥2.1%) had a specificity of 72%. 

Therefore, in comparison to NEWS, eCART (at a sensitivity of 75%) would have resulted in 

2,504 fewer patient calls over the study period (9,694 vs 12,198 calls) while detecting the 

same number of outcomes. Comparison of eCART to MEWS at a sensitivity of 63% 

(specificities of 84% for eCART [cut-off ≥3.3%] and 78% for MEWS [cut-off ≥4]) results in 

1,878 fewer patient calls over the study period.

Patients who experienced an outcome did so at a median of 48 [IQR: 6–135] hours post-

operatively. They had a higher median eCART probability of having an adverse event 

immediately following surgery (1.2% [IQR: 0.6–2.3%] vs 0.7% [IQR: 0.4–1.2%], p<0.001) 

and reached higher maximum probabilities during their postoperative ward stays (median 

5.5% [IQR: 2.0–14.4%] vs 1.2% [IQR: 0.7–2.2%], P<0.001; see table 2 for NEWS and 

MEWS values) (Table 3 and Figure 2). Further, the risk of an adverse event increased in the 

24 hours leading up to the outcome, in contrast to the decreasing probability over time seen 

in randomly selected 24-hour time periods from patients who did not experience an outcome 

(Figure 3). Although no predetermined alarm threshold was set a priori; at an alarm 

threshold of eCART probability of ≥ 2.1% (which has the same sensitivity as the NEWS 

alarm threshold of ≥7, commonly used in the general inpatient setting), the threshold is 

crossed at a median of 24.4 hours [IQR: 4–78 hours] prior to event occurrence.

DISCUSSION

In this study of over thirty thousand post-operative inpatients, we demonstrated that the risk 

of severe adverse events, is dynamic and can be predicted with general early warning scores. 

Further, we found that eCART was more accurate than either MEWS or NEWS for 

determining postoperative risk, allowing for higher detection rates with fewer false alarms. 

This is consistent with prior studies across the population at large in which eCART has been 

shown to outperform contemporary risk stratification tools (15).

The accuracy of the eCART algorithm is likely attributable to the increase in variables (33 vs 

5 for MEWS and 7 for NEWS) and the increased complexity with which they are modeled 
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(cubic spline logistic regression vs expert opinion or linear logistic regression) (14–16). 

Subsequent versions of eCART rely on machine learning analytics which have even higher 

accuracy but are more difficult to implement in real time (17). Although not directly 

assessed in this study, eCART’s accuracy for predicting the first postoperative ward cardiac 

arrest, unplanned ICU transfer, or ward death in surgical patients is similar to its reported 

accuracy in predicting the same composite outcome in general hospital inpatients (AUC of 

0.79 vs 0.77 (16)). This is in agreement with a recent analysis from the UK by Kovacs and 

colleagues of surgical admissions which demonstrated that NEWS had similar performance 

in non-elective surgical and medical admissions; however, the study did not identify which 

of the surgical admissions underwent a surgical procedure (12). Although the AUCs were 

comparable to the general population in our prior work, the sensitivities and specificities for 

eCART, MEWS and NEWS were lower in post-operative patients suggesting that higher 

thresholds may be needed to avoid alarm fatigue. This may be due to the physiological 

perturbation brought on by the postoperative inflammatory state, volume shifts, and pain 

(10).

As might be expected, patients who experienced the outcome had longer preoperative and 

postoperative hospital stays and were more likely to have undergone procedures resulting in 

an immediate postoperative ICU transfer. Compared to patients who did not have an 

outcome, patients who did had an elevated eCART score immediately following their 

procedure and had higher eCART scores throughout their hospital stay. Comparison of 

median eCART scores from patients with and without the outcome as a function of time 

reveals that the scores of the two groups trend in opposite directions and that the 

interquartile ranges of the two populations diverge at about 8 hours prior to the outcome. 

This suggests an adequate window for assessment and an appropriate response such as rapid 

response team activation or ICU transfer.

Evaluation of the predictive accuracy of select vital signs and labs revealed that several 

single variables, such respiratory rate, heart rate, and BUN also had high accuracies in 

outcome prediction when compared to that of other single parameters. However, as 

expected, these accuracies were significantly lower than that of the early warning scores. 

Surprisingly the maximum postoperative temperature was found to be an inverse predictor in 

this patient population (AUC 0.46 [95% CI: 0.44–0.48]). Therefore, fever in a postoperative 

patient is at best non-predictive, and may even indicate a slightly lower probability of 

experiencing a severe adverse event.

Our analysis has several limitations. This was a single center study, which limits the 

generalizability of the findings. Similarly, despite the fact that we used ICU transfer as a 

broad marker for clinical decline, it is important to note that individual hospitals can have 

variable protocols regarding ICU transfer. Our data is limited with regards to verifiable 

documentation of other specific outcome measures such as intubation, DVT formation, or 

specific indication for return to the OR (planned operation vs. adverse event). Furthermore, 

in order to eliminate endoscopic and interventional radiology procedures, we employed 

intraoperative notes and a conservative text based exclusion criteria. Although this approach 

was regimented in its application, it did allow for the possibility of misclassification of some 

procedures. Finally, it should be noted that the dataset used in the development and 
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validation of the eCART algorithm did include some of the surgical patients in this study. 

However the accuracy of eCART was similar when only using patients not included in the 

original development/validation cohort (data not shown). Our study, however, has several 

key strengths, including its large sample size of over 32,000 surgical patients collected over 

an eight year period, whereas most previous studies were limited to less than 600 patients 

(8–11,13). Additionally, our study compares the accuracy of multiple validated early 

warning scores, whereas all but one previous study assessed a single early warning score (8–

12). Consequently, this is the first study of its size to both verify postoperative status and 

compare multiple, validated, postoperative risk assessment tools.

In conclusion, we find that early warning scores are useful for risk stratification of 

postoperative surgical patients. The eCART score was more accurate than both NEWS and 

MEWS while individual vital signs and lab values were limited in their predictive ability. 

Therefore, the application of eCART to the postoperative setting has the potential for 

increased efficiency and decreased clinical workload via evidence based allocation of scarce 

resources, increased patient satisfaction through fewer intrusions on low risk patients, and 

the potential for improved outcomes for high risk patients. Future studies to confirm the 

generalizability of our findings and examine the effect of eCART monitoring on patient 

outcomes are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
AUROCs for the maximum postoperative electronic Cardiac Arrest Risk Triage score 

(eCART), National Early Warning Score (NEWS), Modified Early Warning Score (MEWS), 

and select vital signs/labs for prediction of the first postoperative ICU transfer, ward cardiac 

arrest, or ward death. Minimum postoperative values were used for blood pressures (BPs), 

and oxygen saturation. Error bars represent 95% confidence intervals.
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Figure 2. 
Density distribution of the maximum postoperative probability of an outcome occurring as 

calculated by eCART (eCART score/1000), for patients who did and did not experience an 

outcome.
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Figure 3. 
Change over time of the probability of an outcome occurring as calculated by eCART 

(eCART score/1000), in the 24 hours prior to the first postoperative outcome with 0 on the x 

axis representing the time of the outcome. “No Outcome” represents a sample of 31,294 

postoperative, ward location, time intervals from patients who did not experience the 

outcome. Probability is shown up to 30 minutes prior to outcome occurrence.
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Table 1.

Patient Population Characteristics

No Outcome
(n=31,294)

Outcome
(n=1,243)

P-
Value

Age in years, mean (SD) 54 (17) 60 (16) <0.001

Male, n (%) 13,465 (43%) 640 (51%) <0.001

Race, n (%) 0.022

    Black 12,295 (39%) 511 (41%)

    White 16,157 (52%) 611 (49%)

    Other/Unknown 2,842 (9%) 121 (10%)

Planned post-op ICU transfer, n (%) 6,202 (20%) 380 (31%) <0.001

Pre-op length of stay in days, median (IQR) 2.0 (0.9–4.7) 3.0 (1.2–6.8) <0.001

Location Prior to OR, n (%) <0.001

    Ward 6,490 (21%) 636 (51%)

    ICU 1,013 (3%) 117 (9%)

    ER 690 (2%) 27 (2%)

    Other 1,978 (6%) 13 (1%)

    Direct Admission to OR 21,123 (68%) 450 (36%)

Post-op length of stay in days, median (IQR) 2.9 (1.6–5.7) 11.8 (6.8–20.8) <0.001

Definition of Abbreviations: IQR = InterQuartile Range; ICU = Intensive Care Unit; ER = Emergency Room; OR = Operating Room
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Table 2.

Sensitivity, Specificity, PPV, and NPV of MEWS, NEWS, and eCART Score Cut-offs for Patients 

Experiencing an Outcome Compared to Those Not Experiencing Any Event

Model Cut-off Sensitivity (%) Specificity (%) PPV NPV

MEWS

≥3 81 50 0.06 0.99

≥4 63 78 0.10 0.98

≥5 44 91 0.16 0.98

≥6 25 97 0.25 0.97

NEWS

≥5 90 32 0.05 0.99

≥6 85 48 0.06 0.99

≥7 75 64 0.08 0.98

≥8 64 77 0.10 0.98

≥9 53 87 0.14 0.98

≥10 38 93 0.18 0.97

≥11 25 97 0.25 0.97

eCART probability

≥0.83% 91 32 0.05 0.99

≥1.15% 87 48 0.06 0.99

≥1.20% 86 50 0.06 0.99

≥1.64% 80 64 0.08 0.99

≥2.10% 75 72 0.10 0.99

≥2.40% 71 77 0.11 0.99

≥2.50% 69 78 0.11 0.98

≥3.30% 63 84 0.13 0.98

≥3.81% 59 87 0.15 0.98

≥5.00% 52 91 0.19 0.98

≥6.11% 47 93 0.21 0.98

≥11.48% 30 97 0.28 0.97

NPV and PPV are calculated assuming prevalence of 3.8%

eCART probability = (eCART score)/1000
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Table 3.

Score and Individual Vital Sign Characteristics

No Outcome
(n=31,294)

Outcome
(n=1,243)

P-
Value

First post-op eCART probability, median (IQR) - % 0.7 (0.4–1.2) 1.2 (0.6–2.3) <0.001

Maximum post-operative value, median (IQR)

 eCART probability - % 1.2 (0.7–2.2) 5.5 (2.0–14.4) <0.001

 MEWS 3 (2–3) 4 (3–5) <0.001

 NEWS 6 (4–7) 9 (7–10) <0.001

 Respiratory Rate - breaths/min 20 (20–22) 24 (20–29) <0.001

 Heart Rate - beats/min 100 (90–111) 113 (97–130) <0.001

 Blood Urea Nitrogen - mg/dL 14 (14–19) 21 (14–36) <0.001

 Creatinine - mg/dL 0.9 (0.9–1.1) 1.1 (0.8–2.0) <0.001

 Mental Status - AVPU A (A-V) V (A-V) <0.001

 White Blood Cells - ×109/L 10.8 (9.3–14.2) 12.5 (9.3–17) <0.001

 Temperature - °C 37.3 (36.9–37.7) 37.2 (36.6–37.8) <0.001

Minimum post-operative, median (IQR)

 Diastolic BP – mm Hg 53 (47–60) 50 (43–61) <0.001

 Systolic BP – mm Hg 101 (93–111) 98 (85–115) <0.001

 Oxygen Saturation - % 93 (92–95) 93 (89–95) <0.001

Definition of Abbreviations: IQR = InterQuartile Range; BP = Blood Pressure; AVPU = Alert, Voice, Pain, Unresponsive; eCART probability = 
(eCARTscore/1000)
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