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Introduction

Acute type A aortic dissection (AAAD) has a rapid onset and 
a mortality rate of up to 23.7% within 48 hours (1). Surgical 
repair remains the mainstay of treatment. Due to the 
complexity of surgery and the specificity of the condition, 

preoperative antiplatelet and antithrombotic therapy, 
intraoperative high-dose systemic heparinization therapy, 
extensive blood dilution, and fibrinolysis all increase the risk 
of postoperative organ bleeding and death in patients (2,3). 
According to reports, the postoperative mortality of AAAD 
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is 16.51–25% (4-7). Therefore, early identification and 
intervention for high-risk patients after surgery are critical 
for improving outcomes. Nevertheless, there remains a lack 
of validated and objective tools to predict postoperative 
mortality risk in this population.

Vital signs are often the earliest indicators of abnormal 
physiological changes (8). Based on this principle, Early 
Warning Score (EWS) systems—most notably the Modified 
Early Warning Score (MEWS) and the National Early 
Warning Score (NEWS)—have been developed to detect 
patient deterioration and have proven useful in predicting 
inpatient mortality (9-11). Although EWS has been studied 
in emergency settings for acute aortic dissection (AD) (12), 
its postoperative use in AAAD is unclear, and the prognostic 
value of dynamic postoperative MEWS changes has not 
been examined. This study aimed to evaluate the predictive 
performance of MEWS at multiple postoperative time 
points within the first 24 hours following surgery for AAAD, 
and to explore the association between MEWS trajectories 
and postoperative mortality. We present this article in 
accordance with the STROBE reporting checklist (available 
at https://jtd.amegroups.com/article/view/10.21037/jtd-
2025-898/rc).

Methods

Research design

This study is a single-center retrospective analysis 
conducted on 279 AAAD patients who underwent surgery 
at The First Affiliated Hospital of Shantou University 
Medical College between January 2020 and December 
2022. The study was conducted in accordance with the 
Declaration of Helsinki and its subsequent amendments. 
The study was approved by the Institutional Review Board 
of The First Affiliated Hospital of Shantou University 
Medical College (No. B-2022-286) and individual consent 
for this retrospective analysis was waived.

Patient inclusion criteria

(I)	 Diagnosed as having AAAD based on cardiac 
ultrasound and aortic computed tomography (CT) 
angiography, and underwent aortic surgical treatment;

(II)	 Age ≥18 years old;
(III)	 Postoperative survival time ≥24 hours;
(IV)	 Complete case data including the patient’s general 

information and vital signs during the time period 
required for data collection, was available;

(V)	 AD patients with an acute onset time within 2 weeks.

Patient exclusion criteria

(I)	 Pregnant;
(II)	 Type B aortic dissection (TBAD) patients;
(III)	 Recurrent AD patients;
(IV)	 AD caused by Marfan syndrome or iatrogenic injury.

Data collection

Demographic and clinical data were collected from the 
hospital’s electronic and paper systems, including patient 
characteristics such as gender, age, body mass index 
(BMI), hypertension, diabetes, smoking status, alcohol 
consumption, pre-hospital time, waiting time for surgery, 
left ventricular diameter (LVD), blood sugar levels, left 
ventricular ejection fraction (LVEF), and cardiopulmonary 
bypass time. Additionally, the MEWS was recorded at 
admission and at seven postoperative time points (0, 4, 8, 12, 
16, 20, and 24 hours). A total of 1,953 sets of comprehensive 
vital sign data were collected, with all measurements 
being consistently recorded using standardized methods 
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across all groups. The primary outcome of the study was 
in-hospital mortality among patients with AAAD. The 
MEWS was assessed using standardized clinical parameters: 
systolic blood pressure, heart rate, respiratory rate, body 
temperature, and level of consciousness. Blood sugar and 
other laboratory values were measured using standardized 
laboratory assays within the hospital’s certified clinical 
laboratory. Echocardiography was performed by certified 
sonographers following uniform protocols to determine 
LVEF and LVD. Smoking and alcohol consumption statuses 
were assessed based on patient self-reports documented 
during admission. Due to the retrospective design, some 
variables, such as lactate levels and malperfusion signs, were 
not consistently available, and thus were not included in the 
analysis.

Definition

The MEWS was selected for its simplicity, availability at 
the bedside, and suitability for high-frequency postoperative 
monitoring in intensive care unit (ICU) settings. The 
MEWS consists of five physiological indicators, including 
vital signs and consciousness. Four of the parameters 
are scored on a scale from 0 to 3, while the temperature 
parameter is scored from 0 to 2, with a total score ranging 
from 0 to 14. The higher the score, the greater the risk 
level. In this study, the MEWS was assessed at 0, 4, 8, 12, 
16, 20, and 24 hours post-AAAD surgery. If a deterioration 
in any vital sign was observed within two hours before 
and after a given time point, that deteriorated vital sign 
was recorded. In cases where multiple vital signs showed 
deterioration, the worst (highest risk) vital sign was selected.

Statistical analysis

All statistical analyses were performed using SPSS 
26.0 and R software. Descriptive statistics were used to 
summarize the data. Normally-distributed continuous 
variables were expressed as mean ± standard deviation, and 
comparisons between the surviving and deceased groups 
were conducted using independent-sample t-tests. Non-
normally distributed continuous variables were presented 
as median and interquartile range, and differences between 
groups were assessed using the Mann-Whitney U test. 
Categorical variables were analyzed using the chi-square (χ2) 
test. The predictive accuracy of the MEWS at various time 
points was assessed using receiver operating characteristic 
(ROC) curves. Latent class growth modeling (LCGM) was 

used to classify patients into three trajectory models, with 
Akaike information criterion (AIC), Bayesian information 
criteria (BIC), and entropy used to select the optimal 
model. Analysis of variance (ANOVA) and Tukey post hoc 
tests were conducted for group comparisons, and logistic 
regression was used to identify independent predictors of 
mortality.

Results

A total of 279 patients were included in this study. A 
retrospective analysis was conducted on 326 observed 
subjects from January 2020 to December 2022. Exclusions 
were made for the following: one case of intraoperative 
dissection, six cases of chronic dissection, two cases of 
Marfan syndrome, one case of pregnancy, two cases of 
intraoperative death, five cases of postoperative death within 
24 hours, 16 cases of ascending aortic aneurysm/dilation, 
two cases of secondary surgery, and 12 cases of B-type AD. 
The subjects were divided into a surviving group and a 
deceased group based on in-hospital mortality after AAAD 
surgery. The surviving group consisted of 242 cases, while 
the deceased group included 37 cases, resulting in a 13.3% 
mortality.

Baseline characteristics are summarized in Table 1. 
The majority of patients were male (71.3%), with 46.2%  
≥60 years of age. Smoking status and cardiopulmonary 
bypass time differed significantly between groups (P<0.05), 
while the MEWS at admission showed no statistical 
difference.

Among the 279 AAAD patients, the highest MEWS  
24 hours after surgery was 12, and the lowest was 0. Mean 
MEWS was higher in the deceased group than in the 
survival group at all postoperative time points (0–24 hours, 
P<0.05; Table 2 and Figure 1), but both groups showed a 
gradual decline in the MEWS over time. Figure 2 shows the 
ROC curve for MEWS on admission. The area under the 
curve (AUC) for the MEWS on admission was 0.517, which 
was not statistically significant.

Table 3 and Figure 3 present a comparison of the basic 
parameters for the MEWS ROC curves at different time 
points. The maximum MEWS was 0.758 [95% confidence 
interval (CI): 0.673–0.843] at 12 hours, with an optimal 
cutoff point of 4, sensitivity of 0.622, and specificity of 0.781. 
The ROC curves at each time point post-AAAD surgery 
were all greater than 0.7, and the optimal cutoff point 
throughout the 24-hour period ranged from 3 to 5.

We used the MEWS optimal critical point 4 at the 12th 
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Table 1 Comparison of population data between survival and death groups

Variable All (n=279) Survival (n=242) Death (n=37) P value

Male 199 (71.3) 170 (70.2) 29 (78.4) 0.31

Age ≥60 years 129 (46.2) 107 (44.2) 22 (59.5) 0.08

BMI (kg/m2) 24.96±3.56 25.04±3.64 24.41±3.12 0.32

Hypertension 197 (70.6) 171 (70.7) 26 (70.3) 0.96

Diabetes 12 (4.3) 11 (4.5) 1 (2.7) 0.94

Smoker 145 (52.0) 120 (49.6) 25 (67.6) 0.041*

Alcohol consumer 55 (19.7) 49 (20.2) 6 (16.2) 0.57

Pre-hospital time (h) 8 [6–18] 9 [6–18] 8 [4.5–20] 0.13

Waiting time for surgery (h) 20 [12–36] 21 [11–36] 18 [14–46.5] 0.76

LVD (cm) 4.6 [4.2–5] 4.6 [4.28–5] 4.4 [4.2–4.9] 0.32

Blood sugar (mmol/L) 7.37 [6.44–8.82] 7.37 [6.47–8.66] 7.27 [6.38–9.51] 0.79

LVEF <50% 9 (3.2) 7 (2.9) 2 (5.4) 0.76

MEWS at admissions 1 [1–2] 1 [1–2] 1 [1–2] 0.72

Cardiopulmonary bypass time (min) 206 [172–255] 198 [169–242] 255 [208–332] <0.001*

Data are expressed in frequency (percentage), mean ± standard deviation or median [25th, 75th percentile]. The P value represents the 
comparison between the survival and death groups. *, P value less than 0.05, within the 95% confidence interval range. BMI, body mass 
index; LVD, left ventricular diameter; LVEF, left ventricular ejection fraction; MEWS, Modified Early Warning Score.

Table 2 MEWS at each time point

Variable Surviving Deceased P value

0-hour MEWS 4.05±1.37 5.38±1.74 <0.001

4-hour MEWS 3.55±1.82 5.27±2.00 <0.001

8-hour MEWS 2.72±1.80 4.27±2.21 <0.001

12-hour MEWS 2.43±1.59 4.16±1.89 <0.001

16-hour MEWS 2.41±1.58 3.92±2.01 <0.001

20-hour MEWS 2.40±1.57 3.89±2.00 <0.001

24-hour MEWS 2.35±1.36 3.89±1.96 <0.001

Data are expressed in mean ± standard deviation. MEWS, Modified Early Warning Score.

hour as the basis for dividing patients into two groups  
24 hours after AAAD surgery. AAAD patients with at least 
one time point above a MEWS of 4 points after surgery were 
classified as the high MEWS group, Otherwise, they were 
classified as the low MEWS group. As shown in Table S1 
and Figure 4, there was a statistically significant difference 
between the surviving group and the deceased group.

Logistic regression identif ied 12-hour MEWS, 
cardiopulmonary bypass time, and smoking as independent 

risk factors for in-hospital mortality (Table 4). In multivariate 
analysis adjusted for age and sex, 12-hour MEWS remained 
associated with mortality [odds ratio (OR) =1.613; 95% CI: 
1.287–2.021; P<0.001].

Figure 5 presents three distinct trajectories of MEWS 
levels. LCGM analysis and time scale were employed to 
explore the longitudinal changes in MEWS (additional 
details provided in Table S2). In model selection, although 
the AIC and BIC values of the four-class model were similar 

https://cdn.amegroups.cn/static/public/JTD-2025-898-Supplementary.pdf

https://cdn.amegroups.cn/static/public/JTD-2025-898-Supplementary.pdf



Journal of Thoracic Disease, Vol 17, No 11 November 2025 9899

© AME Publishing Company. J Thorac Dis 2025;17(11):9895-9903 | https://dx.doi.org/10.21037/jtd-2025-898

	 0	 4	 8	 12	 16	 20	 24
Time, hours

Outcome

Survival 

Deaths

M
E

W
S

6

4

2

0.0	 0.2	 0.4	 0.6	 0.8	 1.0
1–Specificity

MEWS on admission 0.517

S
en

si
tiv

ity

1.0 

0.8

0.6

0.4 

0.2

0.0

Figure 2 ROC for MEWS on admission for AAAD. AAAD, acute 
type A aortic dissection; MEWS, Modified Early Warning Score; 
ROC, receiver operating characteristic.

Figure 1 MEWS at each time point. MEWS, Modified Early 
Warning Score. 

Table 3 Comparison of basic ROC parameters of the MEWS at each time point for AAAD 

Variable AUC (95% CI) P value Cut-off Sensitivity Specificity

0-hour MEWS 0.74 (0.655–0.824) <0.001 5 0.595 0.748

4-hour MEWS 0.731 (0.646–0.816) <0.001 5 0.568 0.764

8-hour MEWS 0.708 (0.613–0.803) <0.001 4 0.676 0.698

12-hour MEWS 0.758 (0.673–0.843) <0.001 4 0.622 0.781

16-hour MEWS 0.715 (0.620–0.811) <0.001 4 0.595 0.781

20-hour MEWS 0.723 (0.634–0.812) <0.001 4 0.568 0.814

24-hour MEWS 0.73 (0.640–0.820) <0.001 3 0.703 0.603

AAAD, acute type A aortic dissection; AUC, area under the curve; CI, confidence interval; MEWS, Modified Early Warning Score; ROC, 
receiver operating characteristic.

to those of the three-class model, the three-class solution 
was ultimately chosen after considering model fit indices 
and clinical interpretability. Over time, all three identified 
MEWS trajectories showed a downward trend. The Chi-
squared test yielded χ2=41.283, degrees of freedom (DF) =2,  
P<0.05, indicating statistically significant differences in 
mortality outcomes across the different trajectories. The 
mortality for class 1 (45.9%), was higher than that for 
class 2 (6.0%) and class 3 (11.8%), highlighting a higher 
mortality risk in class 1 patients (Table S3). ANOVA 
demonstrated significant differences in the MEWS between 
categories (F =59.14, P<0.05) (Table S4). Further Tukey 
post hoc testing confirmed significant differences in MEWS 
among the three groups. These findings underscore the 
significant relationship between MEWS trajectories and 
mortality outcomes, supporting the potential of MEWS 
trajectories in predicting patient prognosis. A highly stable 
trajectory is significantly associated with an increased risk of 
mortality after AAAD surgery.

Discussion

This study demonstrates that the MEWS, a simple 
physiological scoring tool, has prognostic value for in-
hospital mortality following AAAD surgery. The MEWS 
measured at 12 hours postoperatively had the highest 
predictive accuracy. Additionally,  distinct MEWS 

https://cdn.amegroups.cn/static/public/JTD-2025-898-Supplementary.pdf

https://cdn.amegroups.cn/static/public/JTD-2025-898-Supplementary.pdf
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Table 4 Univariate and multivariate analysis of postoperative mortality in AAAD patients

Variable
Univariate Multivariate

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Female 0.651 (0.284–1.493) 0.31 – –

Age ≥60 years 1.850 (0.916–3. 740) 0.09 2.710 (1.209–6.077) 0.02

BMI (kg/m2) 0.951 (0.861–1.05) 0.32 – –

Hypertension 0.981 (0.46–2.093) 0.96 – –

Diabetes 0.583 (0.073–4.655) 0.61 – –

Smoker 2.118 (1.018–4.408) 0.045 2.821 (1.225–6.500) 0.02

Alcohol consumer 0.762 (0.301–1.93) 0.57 – –

Cardiopulmonary bypass time 1.009 (1.004–1.013) <0.001 1.006 (1.001–1.010) 0.02

MEWS at admissions 1.015 (0.736–1.4) 0.93 – –

Pre-hospital time 0.986 (0.967–1.006) 0.16 – –

Waiting time for surgery 0.998 (0.989–1.007) 0.62 – –

LVEF <50% 1.918 (0.383–9.608) 0.43 – –

LVD 0.728 (0.388–1.365) 0.32 – –

12-hour MEWS 1.710 (1.393–2.099) <0.001 1.613 (1.287–2.021) <0.001

AAAD, acute type A aortic dissection; BMI, body mass index; CI, confidence interval; LVD, left ventricular diameter; LVEF, left ventricular 
ejection fraction; MEWS, Modified Early Warning Score. 
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Figure 3 Line plot of AUC values for MEWS at 0th, 4th, 8th, 12th, 
16th, 20th, and 24th hour after AAAD surgery. AAAD, acute type 
A aortic dissection; AUC, area under the curve; MEWS, Modified 
Early Warning Score. 

trajectories within the first 24 hours were significantly 
associated with mortality risk, underscoring the value of 
dynamic monitoring.

Unlike the NEWS, the MEWS does not include 
blood oxygen saturation or the administration of oxygen. 
MEWS is simpler. In a multicenter prospective survey of 

410 critically ill patients, compared the NEWS, MEWS 
was considered a valid predictive score for morbidity 
and mortality in critically ill patients (13). Therefore, we 
selected the MEWS for this study due to its simplicity and 
feasibility in high-frequency postoperative monitoring. 
Unlike more complex scores [e.g., Sequential Organ Failure 
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Assessment (SOFA),  Acute Physiology and Chronic Health 
Evaluation II (APACHE II)], the MEWS can be calculated 
at bedside without laboratory data, making it practical 
for ICU settings. Although it does not include oxygen 
saturation or biochemical parameters, it effectively captures 
vital sign deterioration.

Our results further showed that the MEWS in the 
deceased group was consistently higher than those in the 
surviving group across all postoperative time points. MEWS 
values remained above 0.7, supporting its applicability for 
early postoperative assessment in AAAD patients. Our 
results are similar to other studies, and the MEWS is a 
useful tool for predicting in-hospital mortality (9,10,14,15). 

Few studies have explored the application of EWSs in 
AAAD patients. Liu et al. reported that preoperative NEWS 
could predict clinical deterioration during emergency 
observation in patients with acute AD (12). However, 
their study focused exclusively on preoperative patients in 
emergency department settings. In contrast, our research 
fills a crucial gap in the literature by focusing on the 
postoperative period, a phase where dynamic monitoring 
of patient status is critical. Our use of LCGM to analyze 
MEWS trajectories is a novel approach that provides deeper 
insights into the physiological changes that occur after 
surgery. By identifying high-risk MEWS trajectory patterns, 
our study offers a new dimension for early warning systems 
in the postoperative management of AAAD patients.

Although previous studies have reported that EWS 
at admission could predict in-hospital mortality, our 

data showed otherwise (16-18). The better predictive 
performance of postoperative MEWS can be explained by 
several factors. This difference may stem from the specific 
pathophysiological and management characteristics of 
AAAD. Patients who are able to undergo surgery typically 
receive urgent preoperative stabilization, including sedation, 
blood pressure management, and fluid resuscitation, which 
can temporarily normalize vital signs. This stabilization may 
help them survive until surgery, but it does not necessarily 
eliminate the risk of postoperative complications or death. 
Additionally, the MEWS is not specifically designed to 
capture the unique pathophysiological features of AAAD 
preoperatively, which may limit its utility before surgical 
intervention. As a result, the MEWS at admission may not 
accurately reflect the severity of the disease, reducing its 
discriminatory power.

In contrast, the complexity of surgery and the specific 
conditions of AAAD, including high-dose systemic 
heparinization, extensive blood dilution, and fibrinolysis, 
increase the risk of postoperative bleeding and death (2). 
The postoperative MEWS, assessed in the immediate post-
surgery period, may better reflect the patient’s physiological 
reserve and response to surgical stress, making it more 
relevant for predicting post-surgical outcomes in AAAD.

Vital signs are an important part of monitoring adverse 
events during a patient’s hospitalization (19). Currently, 
most vital sign-based EWSs utilize the data obtained when 
patients were at the peak of disease at a point in time or over 
a period of time for predicting patient prognosis (20-22). 
However, dynamic trend trajectories of EWSs have been 
shown to help predict patient prognosis more accurately 
(12,23). Our study demonstrates that high-risk MEWS 
trajectories are strongly associated with a significantly 
increased risk of mortality. This dynamic analysis captured 
early physiological changes that static scores might miss. 

Identifying the optimal monitoring time is crucial in 
resource-limited ICU settings. The MEWS at 12 hours  
demonstrated the best discrimination, indicating that 
targeted assessment at this time may improve early 
risk stratification. Both surviving and deceased groups 
showed a general downward trend in MEWS over time, 
reflecting responses to therapeutic interventions. However, 
persistently high MEWS trajectories remained a strong 
warning signal for poor outcomes.

The optimal cutoff value for MEWS is still debated 
(13,24,25), which may be due to the fact that it is associated 
with different diseases and outcome events, and is also 
influenced by the different time points at which MEWS is 
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calculated and the size of the study sample. In this study, 
the optimal cutoff points at different time points within  
24 hours after AAAD surgery were distributed between 3– 
5 points. Notably, when the MEWS was ≥4, patients 
typically exhibited severe physiological deterioration, 
including hypotension,  tachycardia ,  or  impaired 
consciousness. Rapid activation of critical care interventions 
is warranted when the MEWS exceeds this threshold to 
prevent further clinical deterioration.

While the MEWS is not specific to aortic pathology, 
it effectively reflects systemic physiological deterioration. 
Compared to more complex scoring systems such as 
German Registry for Acute Aortic Dissection Type A 
(GERAADA), SOFA, or APACHE II. The MEWS is easier 
to implement for continuous bedside monitoring. Future 
studies should directly compare these systems in AAAD 
patients to clarify their relative utility.

This study implemented one-on-one nursing intervention 
within 24 hours postoperatively, with nurses providing 
continuous care and using real-time electrocardiogram 
(ECG) monitoring of patient conditions to collect vital signs 
every hour. Any changes in vital signs were immediately 
recorded, and necessary interventions were promptly taken. 
Additionally, each shift was staffed with senior-level nurses to 
ensure care quality and timeliness.

However, our study’s single-center, retrospective design 
may limit the generalizability of its findings. Variations in ICU 
configurations, staffing, and nursing quality across centers 
could affect the applicability of our results. Furthermore, 
some key clinical variables, such as lactate and malperfusion, 
were excluded due to incomplete records. Future multicenter 
prospective studies are necessary to validate our findings and 
incorporate a broader range of clinical predictors, enhancing 
the external validity of our conclusions.

Conclusions

The MEWS is a simple, accessible, and valuable scoring 
system for predicting postoperative mortality in AAAD 
patients. Both the absolute MEWS score at 12 hours 
and its dynamic trajectory provide important prognostic 
informat ion.  Incorporat ing MEWS into rout ine 
postoperative monitoring protocols may enhance risk 
stratification and facilitate timely clinical interventions.
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