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Objective: We aimed to evaluate the National Early Warning Score‒Lactate (NEWS‒L) and NEWS to predict 24-hour mortality as 
the primary outcome. The secondary outcomes were to predict 48-hour, 28-day, and in-hospital mortality rates, and the need for critical 
care in patient with suspicion of sepsis at the emergency department (ED).
Methods: A prospective observational study was performed in patients aged ≥18 years diagnosed with sepsis in the ED from March 
to November 2021. Area under the receiver operating characteristic curve (AUROC) analyses determined the predictive values of 
NEWS and NEWS‒L for 24-hour mortality.
Results: Ninety-two patients were enrolled (mean age 68 years, 48 [52.2%] males). Three (3.2%) patients died within 24 hours and 34 
(36.9%) patients needed critical care during the ED stay. The median (interquartile range) NEWS and NEWS-L results were higher in 
the 24-hour non-survivors versus survivors: 12 (10.5, 12.5) versus 8 (6, 9) (p = 0.024) and 18.7 (15.2, 19.1) versus 10.6 (8.9, 13) (p = 
0.036), respectively. The adjusted odds ratio (aOR) was 1.22 for the primary outcome as the NEWS-L increased by 1 unit without 
statistical significance (p = 0.228). The aOR values for the secondary outcomes ranged from 1.34 to 1.67 with statistical significance. 
A NEWS-L of 11 and a NEWS of 12 predicted 24-hour mortality with sensitivities/specificities of 100%/56% and 67%/91%, 
respectively. The AUROC values of NEWS-L for mortality at 24 hours, 48 hours, 28 days, and in-hospital patients, and the need 
for critical care were 0.860, 0.905, 0.813, 0.839, and 0.837, respectively.
Conclusion: NEWS-L is an accurate predictor for 24-hour mortality in septic patients in the ED. NEWS‒L performed better than 
NEWS for each outcome. NEWS‒L demonstrated good to excellent performance and was accurate in predicting sepsis related to 
adverse outcomes.
Keywords: National Early Warning Score, NEWS, NEWS-lactate, sepsis, mortality, need for critical care

Introduction
Based on statistics from high-income countries, global estimates of sepsis cases range from 19.4 to 31.5 million people 
with possibly 5.3 million deaths per year.1 In terms of hospitalization and hospital mortality, septic patients are 
a disproportionately high burden.2,3

Sepsis is described as a “life-threatening organ dysfunction induced by a dysregulated host response to infection” and 
organ dysfunction, as defined by a sequential organ failure assessment (SOFA) score of 2 in the Third International 
Consensus Definition for Sepsis and Septic Shock (Sepsis-3). In the absence of hypovolemia, septic shock is defined as 
the necessity for a vasopressor to maintain a mean arterial pressure of at least 65 mmHg and a serum lactate level of over 
2 mmol/L (>18 mg/dL).4
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The SOFA score, on the other hand, necessitates a number of laboratory values that are rarely available in the triage 
section of an emergency room. The time to receive test results can delay the diagnosis of a septic patient.5

For patients presenting to the emergency department (ED) with sepsis, various scoring systems have been 
developed and evaluated.6 The National Early Warning Score (NEWS) was created to predict the risk of cardiac 
arrest, intensive care unit (ICU) admission, and mortality in ward patients.7–9 A recent study by Churpek et al 
compared the accuracy of predicting in-hospital mortality in patients with suspected infection outside the ICU. They 
found that the discrimination was highest for NEWS, followed by the Modified Early Warning Score, quick SOFA, 
and systemic inflammatory response syndrome (p = 0.01 for all pairwise comparisons).10 Our hospital has used 
NEWS triaging for septic patients since 2018. A previous study conducted in our hospital defined NEWS ≥ 5 as 
sepsis and the patients were included into the hospital sepsis management protocol.11 This protocol was implemented 
as an alert protocol in the ED triage area to increase awareness of early sepsis detection. The full diagnostic criteria 
for sepsis using the SOFA score according to the Sepsis-3 definition are applied in patients with a NEWS ≥ 5.11,12

Hyperlactatemia has been linked to an increased risk of death in critically ill patients.13,14 At a cut-off value of 2 mmol/L, 
peripheral venous lactate can be used as a screening tool to rule out arterial hyperlactatemia in clinical practice. However, in 
the case of a peripheral venous lactate level > 2 mmol/L, hyperlactatemia should be validated via arterial sampling.15

According to the Surviving Sepsis Campaign Bundle: 2021, intravenous fluid is a resuscitation technique used to treat 
sepsis or septic shock to lower the serum lactate level. The serum lactate level should be measured every two to four 
hours if the initial blood lactate level is higher than 2 mmol/L prior to intravenous fluid infusion.15,16

The VitalPAC Early Warning Score‒lactate (ViEWS‒L) and NEWS‒Lactate (NEWS‒L) were found to be effective 
predictors of in-hospital mortality in adult ED patients by Jo et al17,18 However, limited data show early death in ED 
septic patients at 24 hours, which may reflect the quality of ED monitoring and treatment.

In this study, we aimed to evaluate the predictive performance of the NEWS‒L and NEWS in 24-hour mortality as the 
primary outcome. Furthermore, we aimed to evaluate the two early warning scores to predict the mortality rates at 48 
hours, 28 days, and for in-hospital patients, and the need for critical care in septic patients. Also, we followed the patients 
admitted to the general ward and ICU.

Materials and Methods
Study Design and Setting
This study was a single-center prospective observational study conducted in the ED at the tertiary referral and academic 
855-bed hospital and has ED volume over 48,000 patient visits per year. Approximately 75 adult septic patients visit this 
ED each month.

Selection of Participants
The data were collected from March to November 2021. The inclusion criteria for the study were patients aged ≥ 18 
years old who visited the ED with an initial NEWS ≥ 5 and were diagnosed with sepsis. The exclusion criteria were 
pregnancy or lactation, referred patients, traumatic patients, incomplete information, palliative patients, or patients who 
refused resuscitation. The n4Studies tool was used to determine the sample size for the study population to evaluate two 
independent proportions and was calculated based on the Jo study.19,20 The final calculated sample size was 296 patients, 
which accounted for an expected drop-out rate of 10%.

Definitions of Variables
According to The United Kingdom, Royal College of Physicians 2012, the NEWS cut point of 5 is a middling score. 
Immunocompromised patients were those with underlying diseases such as viral infection, diabetes mellitus or malignancy 
disease with chemotherapy within the previous month, cirrhosis of the liver, or the use of immunosuppressive drugs.

Patients with suspicion of sepsis in our study were defined as patients who were clinically suspected of infection with 
a NEWS ≥ 5 and serum lactate > 2 mmol/L. The initial blood lactate level was considered admissible when blood was 
sampled within 60 minutes of ED arrival.
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Lactate clearance was defined according to the following formula: (initial serum lactate level – serum lactate level 
within 2 hours) × 100/initial serum lactate level. ED length of stay was defined as the time from ED arrival to ED 
discharge or hospital admission.

The NEWS‒L is the sum of the NEWS (physiologic component) and the serum lactate level (mmol/L, laboratory 
component) (Table 1).19 For example, if the patient had a NEWS of 6 and serum lactate level of 3 mmol/L, the NEWS-L 
was 9. Initial serum lactate levels are typically determined at the study hospital using arterial blood; however, venous 
blood lactate levels can also be used followed only by a 2-hour arterial blood lactate after receiving treatments.

The need for critical care was defined practically and operationally by the use of either advanced airway or inotropic/ 
vasopressor agents, or admission to the ICU, which is the primary location for providing invasive critical treatment 
including mechanical ventilation.

Data Collection
A case report form was developed and validated for the study and encompassed demographics, underlying diseases, 
medications related to immunocompromised status, Emergency Severity Index (ESI) level, initial NEWS, laboratory 
results (initial serum lactate, lactate level at two hours following treatments, culture results), SOFA score, treatments at 
ED, final diagnosis, ED disposition, need for critical care, and hospital outcome. Data were collected from the electronic 
medical records and ED data maintained by the study hospital. Following enrollment, patients were evaluated by the 
attending physicians. The initial lactate levels were measured and followed by arterial lactate measurements at two hours 
using a ABL800 Flex® blood gas analyzer (Radiometer Medical ApS, Denmark) using the amperometric assay. The 
attending physicians and medical teams were in charge of all medical treatments.

Outcome Measurements
The primary outcome was the predictive performances of the NEWS‒L and NEWS for 24-hour mortality. The secondary 
outcomes were the 48-hour, 28-day, and in-hospital mortality rates after admission, and the need for critical care.

Table 1 NEWS and NEWS‒L Values. Adapted from Jo et al19

3 2 1 0 1 2 3 Score

Physiologic component

Systolic blood pressure (mmHg) ≤90 91‒100 101‒110 111‒219 ≥220 ()

Pulse rate (beats/min) ≤40 41‒50 51‒90 91‒110 111‒130 ≥131 ()

Respiratory rate (beats/min) ≤8 9‒11 12‒20 21‒24 ≥25 ()

Temperature (Celsius) ≤35.0 35.1‒36.0 26.1‒38.0 38.1‒39.0 ≥39.1 ()

Oxygen saturation (SpO2, %) ≤91 92‒93 94‒95 ≥96 ()

Any supplemental oxygen Yes No ()

Level of consciousness Alert Voice ()

Pain

Unresponsive

Subtotal NEWS ()

Laboratory component +

Serum lactate level ()

NEWS‒L ()

Open Access Emergency Medicine 2022:14                                                                                     https://doi.org/10.2147/OAEM.S382752                                                                                                                                                                                                                       

DovePress                                                                                                                         
621

Dovepress                                                                                                                                                Dadeh and Kulparat

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Statistical Analysis
All data were loaded into EpiData version 3.1 and the statistical analysis was conducted using R software version 4.0.2 
(The R Foundation, Vienna, Austria). Continuous variables with normal distribution were analyzed and reported as mean 
and standard deviation (SD). Non-normal variables are reported as median and interquartile range (IQR) while 
categorical variables are reported as percentages. The logistic regression analysis results are presented as an odds ratio 
(OR) with a 95% confidence interval (95% CI). The Student’s t-test for independent samples was used to compare the 
means of normally distributed variables. The Wilcoxon rank sum test was used for variables that were not normally 
distributed. The χ2 test or Fisher exact test was used where appropriate for categorical data. We adjusted for all possible 
confounders by identifying the essential predictive factors associated with increased 24-hour mortality. Independent 
factors with p-values < 0.20 identified during the univariate analysis were introduced into a multivariate logistic 
regression analysis model with backward stepwise selection. Sensitivity and specificity analyses were also performed 
for various cutoff values of the NEWS and NEWS‒L scores for 24-hour mortality. An area under the receiver operating 
characteristic curve (AUROC) analysis was used to determine the predictive values of the NEWS and NEWS‒L for 
mortality. Model discrimination was considered to be good if it yielded an AUROC of 0.7–0.8 and excellent if it yielded 
an AUROC of 0.8–0.9.21 Analytical results are described as OR with a 95% CI. A p-value < 0.05 was considered 
statistically significant.

Compliance with Ethical Requirements
The ethics committee of Prince of Songkla University approved this study (REC No. 63-357-20-4). The institutional 
review board of Prince of Songkla University is affiliated with the International Conference on Harmonization in Good 
Clinical Practice. According to our institutional review board protocol for delay of informed consent, the requirement for 
patient consent was done after complete treatment at the ED or when the patient could make the decision. In addition, 
consent was waived when the patients died because the participants had no more than minimal risk and the patients 
received standard treatment procedures. All study data were retained as confidential data in an encrypted file with 
a password and only the researcher and assistant could access the data.

Results
Demographic Data
During the study period, 315 adult patients with organ infection and NEWS ≥ 5 were enrolled. Nine-two patients met the 
enrollment criteria. The baseline characteristics of the study patients are presented in Table 2. Forty-eight (52.2%) 
patients were male and the mean age was 68 years. The three main comorbidities were diabetes mellitus (26.1%), 
chemotherapy session (31.5%), and immunosuppressive agent use (9.8%). The five significant variables between the non- 
survivors and survivors in 24 hours included the mean ± standard deviation (SD) values of heart rate (115.8 ± 18.8 bpm), 
respiratory rate (32.6 ± 7/min), central venous catheter use (1 ± 1.1 patient), and the median (interquartile range [IQR]) 
values of oxygen saturation (96% [92, 98]) and hospital length of stay (6.3 days [2, 10.9]). The ED disposition included 
23 (25%) patients admitted to the ICU, 60 (67.4%) patients admitted to the general ward, and 8 (8.7%) discharged 
patients (Figure 1). The median ED length of stay (EDLOS) was 4.6 hours without statistical significance. The sources of 
infection in our study were pulmonary (29.3%), urinary tract (22.8%), intra-abdominal (21.7%), bacteremia (9.8%), skin 
and soft tissue (8.7%), and others (7.6%).

NEWS‒L and NEWS to Predict Mortality and the Need for Critical Care
The median (IQR) results for NEWS were significantly higher in the 24-hour non-survivor group versus the survivor 
group with values of 12 (10.5, 12.5) versus 8 (6, 9) (p = 0.024), and for NEWS‒L the values were 18.7 (15.2, 19.1) 
versus 10.6 (8.9, 13) (p = 0.036), respectively. The initial lactate and lactate levels at 2 hours in 24-hour non-survivors 
were higher than survivors. Furthermore, lactate clearance in 2 hours was lower in 24-hour non-survivors but without 
statistical significance (Table 3). Three (3.2%) patients died within 24 hours, 5 (5.4%) died within 48 hours, 12 (13%) 
died within 28 days, and 34 (36.9%) needed critical care during the ED stay.
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Table 2 Demographic and Baseline Characteristics of the Study Patients

Characteristic 24-Hour 24-Hour p-value
Non-Survivors Survivors

n = 92 (100%) n = 3 (3.2%) n = 89 (96.7%)

Age, years, median (IQR) 68.0 60.7 (35, 74) 67.5 (23, 92) 0.241

Male 48 (52.2) 1 (33.3) 47 (52.8) 0.605

Triage level 0.603

ESI 1 30 (32.6) 3 (100) 27 (30.3)

ESI 2 52 (56.5) 0 (0) 52 (58.4)

ESI 3 10 (10.9) 0 (0) 10 (11.2)

Body temperature, *C, mean (SD) 38.6 (1.1) 37.7 (1.5) 38.6 (1.1) 0.143

Systolic blood pressure, mmHg, mean (SD) 129.2 (33.2) 102 (28.8) 130.1 (33.1) 0.15

Diastolic blood pressure, mmHg, mean (SD) 70.9 (18.8) 60.7 (10.2) 71.3 (18.9) 0.388

Heart rate, beats/min, mean (SD) 115.8 (18.8) 139.3 (19) 115 (18.4) 0.027

Respiratory rate, breaths/min, mean (SD) 32.6 (7) 46 (43, 48) 32 (28, 36) 0.01

SpO2, %, median (IQR) 96 (92, 98) 71 (63.5, 81.5) 96 (92, 98) 0.016

Mental status 1.000

Alert 82 (89.1) 3 (100) 79 (88.8)

Verbal 6 (6.5) 0 (0) 6 (6.7)

Pain 1 (1.1) 0 (0) 1 (1.1)

Unresponsive 3 (3.3) 0 (0) 3 (3.4)

Underlying disease 87 (94.6) 3 (100) 84 (94.4) 1.000

Diabetes Mellitus 24 (26.1) 0 (0) 24 (27) 0.565

Chronic renal failure 8 (8.7) 0 (0) 8 (9) 1.000

Immunosuppressive use 9 (9.8) 1 (33.3) 8 (9) 0.268

HIV infection 2 (2.2) 0 (0) 2 (2.2) 1.000

Chemotherapy session 29 (31.5) 1 (33.3) 28 (31.5) 1.000

Other underlying diseases 34 (37) 1 (33.3) 33 (37.1) 1.000

Hemoculture positive 33 (35.9) 2 (66.7) 31 (34.8) 0.259

ED LOS, hours, median (IQR) 4.6 (3.7, 6.1) 4.1 (3.8, 4.3) 4.6 (3.7, 6.2) 0.385

Hospital LOS, days, median (IQR) 6.3 (2, 10.9) 0.3 (0.2, 0.3) 7 (2.6, 11.2) 0.013

ED Disposition 0.052

Dead at ED 1 (1.1) 1 (33.3) 0 (0)

Discharge 8 (8.7) 0 (0) 8 (9)

(Continued)
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Multivariate analysis with logistic regression was performed and adjusted for age, sex, and ESI triage level. The 
adjusted OR (aOR) for the primary outcome was 1.22 as the NEWS‒L increased by 1 unit without statistical 
significance (p = 0.228). The aOR values for the secondary outcomes ranged from 1.34 to 1.67 with statistical 
significance (Table 4).

We excluded the results of NEWS‒L/NEWS less than 6 because no deaths occurred in these scores. Next, we selected 
the cut-off values of the NEWS‒L and NEWS from 6 to 16 individually in predicting 24-hour mortality. The sensitivities 
and specificities are shown in Table 5. Twenty-four-hour mortality could be predicted with a NEWS‒L of 11 with 

Table 2 (Continued). 

Characteristic 24-Hour 24-Hour p-value
Non-Survivors Survivors

n = 92 (100%) n = 3 (3.2%) n = 89 (96.7%)

Admit ward 60 (65.2) 0 (0) 60 (67.4)

ICU Admission 23 (25.0) 2 (66.7) 21 (23.6) 0.067

Need for critical care 34 (37) 3 (100) 31 (34.8) 0.048

Advanced airway use 18 (19.6) 1 (33.3) 17 (19.1) 0.484

Non-invasive ventilator use 3 (3.3) 1 (33.3) 2 (2.2) 0.096

Inotropic/Vasopressor agent use 21 (22.8) 2 (66.7) 19 (21.3) 0.129

Central venous catheter use 1 (1.1) 0 (0) 1 (1.1) <0.001

Note: Data are presented as n (%) unless otherwise indicated. 
Abbreviations: IQR, interquartile range; ESI, Emergency Severity Index; SD, standard deviation; SpO2, peripheral oxygen saturation; HIV, human 
immunodeficiency virus; ED, emergency department; LOS, length of stay; ICU, intensive care unit.

Figure 1 Study flow diagram of enrolled patients.
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Table 4 Multivariate Logistic Regression Analysis of NEWS-L for Mortality Prediction

Variables n (%) Crude OR 
(95% CI)

Adjusted OR  
(95% CI)

p-value

Primary outcome

24-hour mortality 3 (3.2) 1.35 (1.03, 1.76) 1.22 (0.87, 1.72) 0.228

Secondary outcomes

48-hour mortality 5 (5.4) 1.59 (1.17, 2.15) 1.66 (1.1, 2.5) 0.001

28-day mortality 12 (13.0) 1.42 (1.17, 1.73) 1.41 (1.11, 1.78) 0.001

In-hospital mortality 15 (16.3) 1.51 (1.23, 1.86) 1.46 (1.16, 1.85) <0.001

ICU admission 23 (25.0) 1.37 (1.16, 1.62) 1.34 (1.1, 1.64) 0.002

Need for critical care 34 (36.9) 1.67 (1.33, 2.09) 1.67 (1.15, 2.43) 0.002

Note: Multivariate models were adjusted for age, sex, and Emergency Severity Index. 
Abbreviations: OR, odds ratio; CI, confidence interval; ICU, intensive care unit.

Table 3 Comparison of NEWS, NEWS-L, SOFA Score, Lactate Levels and Lactate 
Clearance with 24-Hr Mortality of Sepsis Patients in the Emergency Department

Variables 24-Hour 24-Hour p-value
Non-Survivors Survivors

NEWS 12 (10.5, 12.5) 8 (6, 9) 0.024

NEWS-L 18.7 (15.2, 19.1) 10.6 (8.9, 13) 0.036

Initial Lactate; mmol/L 5.7 (4.2, 6.7) 2.9 (1.9, 4) 0.118

Lactate at 2 hours; mmol/L 2.4 (1.7, 4) 1.9 (1.1, 3.3) 0.598

Lactate clearance; % 25 (18.1, 53.7) 31.6 (6.7, 45.5) 0.742

SOFA score before admission 2.5 (2.2, 2.8) 2 (2, 4) NA*

Notes: Data are presented as median (IQR). *Not available (Sample too small to calculate). 
Abbreviations: NEWS, National Early Warning Score; NEWS‒L, National Early Warning Score‒Lactate; 
SOFA, Sequential Organ Failure Assessment.

Table 5 Predictive Performance of NEWS and NEWS‒L for 24-Hour Mortality

NEWS Sensitivity (%) Specificity (%) PPV (%) NPV (%)

≥6 100 (29, 100) 15.0 (8.0, 24.0) 4.0 (1.1, 11.1) 100 (75.0, 100)

≥7 100 (29, 100) 30.0 (21.0, 41.0) 5.0 (1.0, 13.3) 1.00 (87.7, 100)

≥8 100 (29, 100) 43.3 (32.1, 54.4) 6.3 (1.0, 15.0) 1.00 (91.0, 100)

≥9 100 (29, 100) 67.0 (57.5, 77.3) 9.1 (2.1, 25.0) 1.00 (94.0, 100)

≥10 67.0 (9.9, 99.1) 79.0 (69.0, 87.0) 10.0 (1.0, 30.0) 99.8 (92.0, 100)

≥11 67.0 (9.9, 99.1) 89.0 (80.0, 94.1) 17.0 (2.9, 48.0) 99.8 (93.9, 100)

≥12¶ 67.0 (9.9, 99.1) 91.0 (83.0, 96.0) 20.0 (3.0, 56.0) 99.8 (93.9, 100)

≥13 33.0 (1.9, 91.0) 97.1 (90.0, 99.9) 25.4 (1.5, 81.0) 98.7 (92.0, 100)

≥14 0 (0.0, 71.0) 99.0 (94.0, 100) 0 (0.0, 97.0) 97.0 (91.9, 99.0)

(Continued)
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a sensitivity and specificity of 100% and 56% and a NEWS of 12 with a sensitivity and specificity of 67% and 91%. 
Thus, intensive monitoring in the ED should be provided in these patients.

The AUROC values of NEWS‒L/NEWS for 24-hour, 48-hour, 28-day, and in-hospital mortality rates, and the need 
for critical care were 0.860/0.882, 0.905/0.809, 0.813/0.796, 0.839/0.822, and 0.837/0.770, respectively. For each 
outcome NEWS‒L performed better than NEWS. Generally, NEWS‒L demonstrated good to excellent performance to 
predict sepsis related to adverse outcomes (Figure 2).

Discussion
We evaluated the predictive performance of NEWS and NEWS‒L for several outcomes that included mortality status of 
patients at 24 hours, 48 hours, 28 days, and for in-hospital patients, and the need for critical care among adult septic 
patients in the ED. The main results of this study in multivariate logistic regression revealed that NEWS‒L was 
associated with 24-hour mortality (OR = 1.22). However, the predictive performance of NEWS‒L was significantly 
accurate for 48-hour, 28-day, and in-hospital mortality, and the need for critical care. NEWS-L could predict 24-hour 
mortality at a score of 11 with high sensitivity (100%) but low specificity (56%). NEWS could predict 24-hour mortality 
at a score of 12 with moderate sensitivity (67%) and high specificity (91%).

Since sepsis is a dynamic condition, any technique that relies only on a single measurement of a physiological 
parameter may be inaccurate in forecasting the progression of sepsis. Screening patients using both physiological data 
and rapid blood tests can help improve emergency patient treatment.5 Moreover, evaluating patients in an ED setting is 
always challenging. Implementation of effective diagnostic tools and appropriate treatment guidance is mandatory. 
NEWS is a well-validated tool in predicting unanticipated ICU admission, cardiac arrest, and mortality within 24 
hours among ward and ED patients.22 A study by Brink et al showed NEWS was superior to other scoring systems in 
predicting mortality in ED septic patients.23 Furthermore, the discrimination power increased when combined with 

Table 5 (Continued). 

NEWS Sensitivity (%) Specificity (%) PPV (%) NPV (%)

≥15 0 (0.0, 71.0) 99.0 (94.0, 100) 0 (0.0, 97.0) 97.0 (91.9, 99.0)

≥16 0 (0.0, 71.0) 99.0 (94.0, 100) 0 (0.0, 97.0) 97.0 (91.9, 99.0)

NEWS‒L Sensitivity (%) Specificity (%) PPV (%) NPV (%)

≥6 100 (29, 100) 1.6 (0.0, 6.0) 3.2 (1.1, 9.2) 100 (0.02, 1.00)

≥7 100 (29, 100) 7.1 (3.1, 14.1) 3.3 (1.6, 10.1) 100 (54.7, 1.00)

≥8 100 (29, 100) 17.3 (10.0, 26.0) 4.1 (1.6, 11.1) 100 (78.2, 1.00)

≥9 100 (29, 100) 26.0 (17.0, 36.6) 4.6 (1.7, 12.0) 100 (85.4, 1.00)

≥10 100 (29, 100) 37.2 (27.1, 48.1) 5.4 (1.7, 14.9) 100 (89.5, 1.00)

≥11¶ 100 (29, 100) 56.0 (45.0, 67.1) 7.0 (1.6, 19.9) 100 (93.0, 100)

≥12 67.0 (9.9, 99.1) 64.2 (53.8, 74.2) 6.6 (1.7, 20.8) 98.5 (91.1, 100)

≥13 67.0 (9.9, 99.1) 73.1 (63.0, 82.9) 8.4 (1.4, 25.5) 98.9 (92.6, 100)

≥14 67.0 (9.9, 99.1) 82.0 (72.8, 89.9) 11.3 (1.2, 35.4) 99.2 (93.2, 100)

≥15 67.0 (9.9, 99.1) 85.1 (76.6, 92.0) 13.4 (2.7, 40.9) 99.5 (93.2, 100)

≥16 67.0 (9.9, 99.1) 92.0 (84.0, 97.9) 22.9 (3.1, 60.9) 99.8 (93.8, 100)

Notes: Data represent the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) for different cut-off 
values for 24-h mortality. ¶Indicates predefined cut-off values which are most indicative for a poor outcome. 
Abbreviations: PPV, positive predictive value; NPV, negative predictive value; NEWS, National Early Warning Score; NEWS‒L, National 
Early Warning Score–Lactate.
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lactate level as in NEWS‒L.19 In recent literature, new studies are available on combining early warning scores (EWS) 
with different biomarkers including D-dimer, soluble urokinase plasminogen activator receptor, plasma midregional 
proadrenomedullin, and procalcitonin.24–28 Nevertheless, those biomarkers are not routinely measured in the ED setting, 
especially in limited resource facilities.

One large study included 198,755 vital signs datasets from general medical emergency patients. The ability of NEWS 
was tested to discriminate risk of cardiac arrest, unanticipated ICU admission or death within 24 hours between NEWS 
and other EWS. The conclusion was NEWS had a greater ability than other early warning scoring systems in 
distinguishing patients at risk in those specific combined adverse outcomes. The NEWS AUROC (95% CI) values 
within 24 hours were as follows: cardiac arrest 0.722 (0.685‒0.759), unanticipated ICU admission 0.857 (0.847‒0.868), 
death 0.894 (0.887‒0.902), and any of the outcomes 0.873 (0.866‒0.879).22 The NEWS AUROC values in predicting 24- 
hour mortality in this current study was 0.882, which was similar to a study by Smith et al.22

The overall ICU mortality rates in patients with sepsis and septic shock studied by Khwannimit et al in our hospital 
were 10.7% and 47%, respectively.3 Thirty-six percent of sepsis and septic shock patients admitted to the ICU came 
from the ED.3 Thus, it is imperative to identify high-risk patients in the ED and provide early resuscitation to decrease 
ICU mortality of septic patients. Effective early critical care intervention and implementation of an ED-based ICU were 
associated with a reduction of in-hospital mortality from 2.13% to 1.83% and ICU admissions from 3.2% to 2.7% among 
all ED patient visits.29 Furthermore, Nelson and coworkers found that 15% of all critical care was performed in the 
ED.30

In addition, in our ED the need for critical care was greater than ICU admission since the number of patients indicated 
for critical care were higher than patients admitted to the ICU (36.9% versus 25%). Our study revealed that the AUROC 
values in predicting the need for critical care for NEWS‒L and NEWS were 0.837 and 0.770, respectively. These results 

Figure 2 Receiver operating curves for patients with sepsis by NEWS and NEWS‒L: (A) 24-hour mortality; (B) 48-hour mortality; (C) 28-day mortality; (D) In-hospital 
mortality; (E) Need for critical care.
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were lower than the study by Jo et al, which reported AUROC values for NEWS‒L and NEWS of 0.860 and 0.830, 
respectively, in patients who presented with disease infection.19 Identifying patients who need critical care using NEWS‒ 
L may provide appropriate clinical intervention before deterioration of their condition.

The present study demonstrated that non-survivors had higher NEWS than survivors. Similarly, previous investiga-
tions reported that NEWS on ED admission was a predictor of adverse outcomes in adult ED patients irrespective of age 
and comorbidities.9,23,31–33 Our study confirmed the findings by Churpek et al that supported the introduction of NEWS 
in the ED.10 However, they studied patients in the ED and outside the ICU and suggested a NEWS threshold of ≥ 7. This 
threshold is also recommended by the Royal College of Physicians.7,8 The median NEWS in the present study was 12 in 
24-hour non-survivors, which was similar to a NEWS of 11.5 in a former study.19

The lactate level on ED admission is associated with in-hospital and 30-day mortality in different patient 
populations.12,25,34 Many studies found that lactate clearance at two hours was probably sufficient in most acute 
conditions, which is currently recommended in resuscitation guidelines and significantly reduces ICU length of stay 
and in-hospital mortality. However, the present study revealed that only the initial lactate level and lactate clearance at 
two hours were insufficient in predicting 24-hour mortality.

Our study showed that the NEWS‒L in 24-hour non-survivors was higher than in NEWS‒L survivors. Therefore, 
NEWS‒L was associated with 24-hour mortality; however, no statistical significance was observed. The predictive 
performance of NEWS‒L is significantly accurate to predict mortality at 48 hours, 28 days, and for in-hospital patients, 
and the need for critical care. These results were compatible with previous studies.19,25 Jo et al found that NEWS‒L and 
ViEWS‒L were powerful predictors of in-hospital mortality in general ED patients.18,19 The results of many studies are 
contradictory. For example, Lee et al found that NEWS‒L was a moderately accurate predictor of in-hospital mortality in 
adult patients outside the ICU with sepsis.25 Also, Leung et al found that the combination of lactate level with NEWS did 
not improve the prognostic value of NEWS in predicting 7-day mortality in septic patients in the ED.26 The different 
results are possibly explained by different protocols used to diagnose sepsis and the various mortality outcomes.

Overall, the median NEWS‒L, NEWS, and lactate values of the non-survivors in our study were higher than previous 
studies. As a result, the proportion of need for critical care and the mortality outcome in our study were quite high. The 
differences can be explained by taking into account that this study collected data in the ED of a tertiary hospital where 
most of the patients had multiple comorbidities and used immunosuppressive medications. The number of non-survivors 
in our study was only three patients, which would be weak in an external validity analysis.

Other common physiological variables identified as significant factors in our study in the group of 24-hour non- 
survivors were: mean ± SD heart rate (139.3 ± 19 bpm), median (IQR) respiratory rate (46 [43,48] rate/minute), and the 
median (IQR) oxygen saturation (71 [63.5, 81.5] %). Delayed placement of invasive mechanical ventilation in patients 
having acute hypoxemic respiratory failure after failure of a high flow nasal cannula or non-invasive ventilation increased 
ICU mortality and poor patient prognosis.35,36

In our study, the median time of EDLOS was 4.6 hours without statistical significance. However, a study by Agustin 
et al concluded that clinical outcomes of sepsis patients were not significantly different between early and delayed ICU 
admission.37 On the other hand, a study by Zhang et al showed increased in-hospital mortality when septic patients were 
in the ED longer than 12 hours and subsequently required ICU admission.38

This study presents new knowledge on the early prognostic values of NEWS‒L related to short-term mortality (ie, 24 
hours and 48 hours), which is limited in previous studies. Therefore, our study supports the growing evidence that 
suggests NEWS is a sensitive screening tool in the ED to predict early sepsis-related outcomes. The calculation of NEWS 
in our setting by triage nurses has additive value and reflects the practically of its use.

We must acknowledge the limitations of the present study. First, we aimed for 296 participants but only 93 (31.4%) 
patients were enrolled in the study. A larger sample and extended duration would improve a future study. Second, a total 
of 131 (41.6%) patients were excluded from the study due to the lack of documented 2-hour lactate levels. During the 
COVID-19 pandemic, the management of a patient under investigation who had respiratory tract symptoms required 
hospital admission within 2 hours. Therefore, a blood sample for lactate level could not be collected in all septic patients 
at 2 hours. Third, a subgroup analysis was not conducted to assess patients on beta-blockers or calcium channel blockers. 
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These drugs might affect the heart rate and blood pressure response, which may affect NEWS. Finally, this study was 
conducted in a single-center tertiary care hospital. A multicenter study may increase the generalizability of the study.

Conclusions
Among septic patients in the ED, NEWS‒L is an accurate predictor for 24-hour mortality and performed better than 
NEWS for each outcome. Generally, NEWS‒L demonstrated good to excellent performance to predict sepsis related to 
adverse outcomes.
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