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Abstract 

Introduction Abdominal surgical emergencies have a high mortality rate. Effective management primarily 
relies on the early identification of patients at high risk of postoperative complications. The objective of our study 
was to determine the prognostic factors associated with poor outcomes from abdominal surgical emergencies 
in Senegal and to establish a predictive score for mortality for preoperative risk evaluation (NDAR (New Death Assess-
ment Risk) score).

Methodology This was a retrospective national cross-sectional study conducted over one year in 14 regions of Sen-
egal. Adult patients (aged > 15 years) who presented with a traumatic or non-traumatic abdominal surgical emer-
gency were included. The studied variables included clinical and paraclinical data. The variable of interest was death 
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within 30 days of the surgery. Logistic regression was used to identify the factors independently associated with mor-
tality. Risk factors identified after logistic regression analysis were weighted using odds ratio (OR) values rounded 
to the nearest whole number. The predictive capacity of the score was evaluated by analyzing the ROC (Receiver 
Operating Characteristic) curve based on the area under the curve (AUC).

Results A total of 1114 patient records were included, with a mortality rate of 4.4%. Diagnoses were observed 
in patients included appendicitis in 39.8% of cases (n = 444), followed by peritonitis in 22.3% (n = 249), intestinal 
obstruction in 18.5% (n = 205), strangulated hernias in 10.5% (n = 117), and abdominal trauma in 6.1%. Logistic 
regression, established the following scores: age > 40 years (score 2), ASA status grade 2 or higher (score 1), pres-
ence of a positive QSIRS score (score 2), diagnosis of peritonitis (score 2), diagnosis of intestinal obstruction (score 1), 
and the presence of intestinal necrosis (score 3). The score is positive if the total is strictly greater than 5, indicating 
a 17.7% risk of mortality. This score had a high predictive capacity with an AUC of 0.7397.

Conclusion This study enabled the establishment of a score that allows for the early identification of at-risk patients, 
even in constrained resource settings, facilitating appropriate perioperative management and timely surgical inter-
vention to reduce the risk of complications. This approach, focused on early recognition of high-risk patients, is crucial 
for improving clinical outcomes in abdominal surgical emergencies.
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Introduction
Abdominal surgical emergencies comprise a set of 
pathologies requiring urgent surgical intervention to 
minimize morbidity and mortality risks. The overall mor-
tality rate is estimated to be 5 to 7%, but can reach 20% 
in the elderly [1–3]. Furthermore, this mortality rate is 
higher in low-income countries, where there is less than 
one operating room per 100,000 inhabitants [4]. Effective 
management primarily relies on the early identification of 
patients at high risk of postoperative complications. This 
process requires studies to evaluate and identify prognos-
tic factors, as well as to develop scoring systems for clas-
sifying patients [5]. This allows for optimal preoperative 
preparation, efficient anesthetic and surgical interven-
tion, and close postoperative monitoring. These prognos-
tic factors are generally patient-specific factors, including 
comorbidities and acute physiological disturbances [6]. 
Several studies have documented these factors, ranging 
from complex scales such as POSSUM (Physiological and 
Operating Severity Scale for Mortality and Morbidity) to 
simpler evaluations such as the ASA (American Society 
of Anesthesiologists) score [7]. However, the literature on 
prognostic scores on abdominal surgical emergencies in 
resource-limited settings remains scarce. Besides, most 
existing scores, such as SOFA and POSSUM, require 
certain complementary examinations, which are not 
always available, making their use difficult in resource-
limited countries [8, 9]. The objective of our study was 
to determine the prognostic factors associated with poor 
outcomes from abdominal surgical emergencies in Sen-
egal. A predictive score was developed to estimate the 
30-day mortality risk of abdominal surgical emergencies 

using the risk factors identified after multivariate analysis 
(NDAR (New Death Assessment Risk) score).

Methodology
This study follows the STROBE (Strengthening the 
Reporting of Observational Studies in Epidemiology) 
guidelines for observational studies in epidemiology [10].

Type of study
This was a retrospective cross-sectional study. The study 
period extended over one year, from August 1, 2022, to 
July 31, 2023.

Study setting
The study was conducted in 14 regions of Senegal, a 
West African country, with an estimated population 
of 18,032,473 in 2023, corresponding to a density of 92 
inhabitants per square kilometer. The population was 
predominantly male (50.6%) [11]. Most of the popula-
tion is concentrated in urban areas, with Dakar being the 
most populous city, representing 21.6% of the total popu-
lation [12]. The Senegalese health system has three tiered 
pyramidal structures: central, intermediate, and periph-
eral. The health system in Senegal comprises 56 district 
health units [13]. According to the National Agency for 
Statistics and Demography in 2019, there were 40 public 
health facilities [14].

Population and sampling
This study included all patients treated for abdominal 
surgical emergencies in public health facilities in Sen-
egal. However, private structures were not included in 
this study. The list of health facilities and services held by 
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the Directorate of Public Health Facilities of the Minis-
try of Health and Social Action of Senegal was used in 
this study. No sampling was performed, as this was an 
exhaustive one-year study. All available hospitals and 
services were contacted. As this study was unfunded and 
depended on voluntary participation, not all the hospitals 
participated.

Inclusion criteria
Adult patients (> 15 years of age) with traumatic or non-
traumatic abdominal surgical emergencies were included. 
In our country’s practice, all patients under 15 years old 
are managed in the pediatric surgery departments [15]. 
An abdominal surgical emergency was defined as “any 
condition that may require emergency laparotomy, usu-
ally of digestive origin, excluding vascular, urological, 
and gynecological-obstetric causes”. Examples include 
intestinal obstruction, acute generalized peritonitis, 
acute appendicitis, and abdominal trauma. Patients with 
incomplete records were not included. Patients with 
abdominal emergencies of gynaecological, vascular, or 
urological origin were excluded.

Data collection
Data were collected from patient records using an online 
survey form using Ona.io which is a cloud-based data 
collection and analysis platform built on the Open Data 
Kit (ODK) framework [16]. The collection form was filled 
by medical doctor in different hospitals and is accessible 
in the Supplementary File.

Studied variables
The studied variables included clinical and biological 
data such as age, sex, consultation delay, medical history, 
ASA score, vital signs measured upon patient admission 
(blood pressure, temperature, heart rate, respiratory rate, 
and state of consciousness), hemoglobin level, hema-
tocrit, white blood cell count, creatinine, potassium, 
sodium, chloride levels, presence of intestinal necro-
sis on imaging or intraoperatively, diagnosis, duration 
of the surgical intervention, and length of hospital stay 
(in days). Bloodwork was also performed upon patient 
admission. The QSIRS (Quick Systemic Inflammatory 
Response Syndrome) score, which combines the Systemic 
Inflammatory Response Syndrome (SIRS) and quick 
Sequential Organ Failure Assessment (qSOFA) scores, 
was evaluated. The QSIRS score was considered positive 
in the presence of at least two of the following criteria: 
systolic blood pressure ≤ 100 mmHg, respiratory rate ≥ 20 
breaths/min, Glasgow score ≤ 14, temperature > 38.3  °C 
or < 36 °C, heart rate > 90 beats/min, respiratory rate > 20 
breaths/min, and white blood cell (WBC) count > 12,000/
mm3 or < 4,000/mm3 [17]. Complications were assessed 

according to the Dindo-Clavien classification [18]. This 
classification is a standardized system used to catego-
rize postoperative complications based on their severity, 
ranging from minor deviations requiring no intervention 
(Grade I) to death (Grade V). It helps objectively evaluate 
and compare patient outcomes [18].

Variable of interest
The primary outcome of the study was the 30-day post-
operative mortality. In-hospital deaths were determined 
from discharge records.

Statistical analysis
Qualitative variables were described as numbers and per-
centages, and quantitative variables were described as 
means with standard deviations and extremes. Bivariate 
analyses were performed using the outcome variable (30-
day post-operative mortality). For qualitative variables, 
Pearson’s chi-square or Fisher’s test was used. For nor-
mally distributed quantitative variables, Student’s t-test 
or Mann-Whitney test was used. Differences were con-
sidered statistically significant at p < 0.05. Variables asso-
ciated with death in our study population were selected 
using bivariate analysis (prognostic factors). The param-
eters included in the multivariate logistic regression were 
those with p < 0.20 in the bivariate analysis in order to 
ensure that potentially important variables are not pre-
maturely excluded from the model [19]. Patients with 
missing data were excluded from analysis. A backward 
stepwise method using Wald’s p was used. The consist-
ency of the logistic regression model was assessed using 
the goodness-of-fit test (Hosmer-Lemeshow) [19]. A 
p-value < 0.05 indicates poor consistency of the predictive 
score model, while a p-value > 0.05 indicates good con-
sistency. All analyses were performed using the RStudio 
software version 2024.04.0 [20].

Development of the predictive score
A 30-day mortality predictive score was developed to 
facilitate clinical application. The risk factors identified 
after logistic regression were weighted using odds ratio 
(OR) values for mortality, rounded to the nearest whole 
number [21]. For simplicity, 1 was subtracted from each 
variable because all the variable weights were at least 2. 
To optimize the clinical utility of the mortality predic-
tive score, we prioritized sensitivity, which measures the 
model’s ability to correctly identify patients at real risk of 
death (true positives). Sensitivity is crucial in this con-
text because a lack of sensitivity would result in a high 
number of false negatives (deaths incorrectly identified as 
not at risk), potentially leading to severe consequences in 
clinical management. Indeed, false negatives could delay 
or deprive some patients of adequate treatment, thereby 
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compromising clinical outcomes. By setting a score 
threshold that maximizes sensitivity, we ensured that 
the majority of high-risk patients were correctly identi-
fied, enabling early and targeted interventions to improve 
clinical outcomes. After achieving this score, an appli-
cation allowing ease of use in the clinic was developed 
using the Shiny R package [22].

Evaluation of predictive performance
The capacity of the predictive score model was evaluated 
by analyzing the ROC (Receiver Operating Characteris-
tic) curve.

The ROC curve was used to evaluate the model’s 
capacity by taking into account sensitivity and specific-
ity across different thresholds, and by analyzing the area 
under the curve. The area under the curve was used as a 
summary measure of the model’s overall discriminatory 
ability, with values closer to 1 indicating better perfor-
mance [23]. Predictive capacity was classified based on 
the area under the curve (AUC): AUC ≤ 0.5 indicates no 
predictive value; 0.5 ≤ AUC < 0.7 indicates moderate pre-
dictive capacity; 0.7 ≤ AUC < 0.9 indicates high predictive 
capacity; and AUC ≥ 0.9 indicates very high predictive 
capacity [24].

Ethical considerations
This study was approved by the local hospital administra-
tive committee under the number 000299/23/04/2023.

Results
Of the 40 solicited hospitals, 17 participated in 13 out 
of the 14 regions (Fig. 1). A total of 1,350 patients were 
recruited, of whom 141 were excluded for not meeting 

the inclusion criteria, as detailed in Fig.  1. Finally, 1209 
patients were considered eligible, of whom 95 were lost 
to follow-up with no mortality information (loss to fol-
low-up rate, 7.8%). Thus, 1114 patients were success-
fully followed-up. Figure 2 illustrates the flow diagram in 
accordance with the STROBE recommendations.

Cohort description
The mean patient age was 37 years, with a standard 
deviation of 18. Besides, 62.7% (n = 699) of the patients 
were under 40 years of age. The QSIRS score, which 
accounts for vital signs and white blood cell counts, was 
positive in 64.1% of cases (n = 711). Diabetes was pre-
sent in 3.3% of the patients (n = 63) and hypertension in 
5.5% (n = 63). The ASA score was grade 1 in 85.2% of the 
patients (n = 950). Intestinal necrosis was observed in 
3.3% of the cases. The most frequently diagnosed condi-
tion was appendicitis 39.8% of cases (n = 444), followed 
by peritonitis (22.3% (n = 249)), intestinal obstruction 
(18.5% (n = 205)), strangulated hernias (10.5% (n = 117)), 
and abdominal trauma (6.1% (n = 68)). Detailed patient 
characteristics are presented in Table  1. The mortal-
ity rate was 4.4% (n = 49). Complications according to 
the Clavien-Dindo classification were observed in 11.6% 
(n = 130) of the patients with Grade I (n = 42, 3.8%); 
Grade II (n = 7, 0.6%); Grade IIIa (n = 6, 0.5%); Grade IIIb 
(n = 13, 1.2%); Grade IVa (n = 9, 0.8%); Grade IVb (n = 4, 
0.4%); Grade V (death, n = 49, 4.4%).

Logistic regression
In our multivariate analysis, the following factors were 
identified as independent risk factors associated with 

Fig. 1 Distribution of patients by Hospital (n = 1209)
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30-day mortality in patients with abdominal surgical 
emergencies: Age over 40 years (p = 0.012, OR = 2.92 
[95% CI: 1.53–5.74]); ASA grade 2 or higher (p = 0.070, 
OR = 1.87 [95% CI: 0.93–3.63]); Positive QSIRS score 
(p = 0.016, OR = 2.51 [95% CI: 1.23–5.66]); Diagnosis of 
peritonitis (p = 0.004, OR = 2.90 [95% CI: 1.41–6.01]); 
Diagnosis of intestinal obstruction (p = 0.047, OR = 2.16 
[95% CI: 1.00–4.65]); The presence of intestinal necrosis 
(p = 0.004, odds ratio [OR] = 4.37 [95% CI: 1.53–11.3]). 
The Hosmer–Lemeshow test indicated good calibration 
of the logistic regression model (p = 0.780).

Development of the predictive score
Considering the ORs from the logistic regression model, 
the following score with a total of 11 was established: Age 
over 40 years (score 2); ASA grade 2 or higher (score 1); 
Positive QSIRS score (score 2); Diagnosis of peritonitis 
(score 2); Diagnosis of intestinal obstruction (score 1); 
Presence of intestinal necrosis (score 3).

ROC curve analysis yielded an AUC of 0.7397 with a 
95% confidence interval [0.6642–0.8152], indicating a 
high predictive capacity for the occurrence of deaths 
(Fig. 3).

By analyzing the coordinates of the ROC curve and pri-
oritizing sensitivity, a threshold of 5 was selected. This 

allowed for a final score of two classes, as described in 
Table 2. The chi-square test between the score and post-
operative mortality showed a mortality rate of 17.7% 
when the score was positive (greater than or equal to 6), 
and a mortality rate of 2.5% when the score was negative 
(less than or equal to 5).

To facilitate clinical use, an application developed with 
the Shiny R package deployed on Shinnyapp is available 
at NDAR_ online_ app.

Discussion
Predicting the mortality risk in surgical patients is cru-
cial for perioperative management. This information 
enables the identification of high-risk patients and pro-
vision of appropriate care, thereby reducing mortality 
and postoperative complications. It is well established 
that mortality risk is associated with a patient’s general 
condition, diagnosis, and presence of sepsis.

However, most assessment tools incorporate biologi-
cal parameters or other complementary examinations, 
which are not always widely available in resource-lim-
ited countries. For example, the SOFA score includes 
blood gases and serum bilirubin, whereas the POS-
SUM score incorporates elements such as electrolytes 
and electrocardiograms [8, 9]. The existing scores 

Fig. 2 Flowchart of patients inclusion using STROBE guidelines

https://drndong.shinyapps.io/NDAR/
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Table 1 Patient characteristics and bivariate analysis of factors associated with death

Variable N (%) /mean ± standard deviation) p-value
(bold* means < 0.05)

Total Survived Died

1114 (100) 1065 (95.6) 49 (4,4)

Age (years) 37 ± 18 36 ± 18 48 ± 20 < 0.001*
Age class < 0.001*
 ≤40 years 699 (62.7) 683 (64.1) 16 (32.6)

 >40 years 415 (37.3) 382 (35.9) 33 (67.4)

Sex

 Female 346 (31) 331 ± 31 15 ± 30.6 > 0.9

 Male 768 (69) 734 ± 69 34 ± 69.4

Systolic blood pressure (mmHg) 122 ± 19.5 122 ± 19 123 ± 23 0.8

Diastolic blood pressure (mmHg) 75 ± 17.2 75 ± 17 79 ± 18 0.10

Temperature (°C) 37.2 ± 3.2 37.2 ± 3.2 37.1 ± 0.7 0.5

Heart rate (pulsations/minute) 91 ± 19.1 91 ± 19 100 ± 22 0.002*
Respiratory rate (cycles/minute) 23.6 ± 13.6 23.6 ± 13.9 24.7 ± 6.5 0.061

Glasgow 0.001*
 Normal ( 15) 1070 (96) 1027 (96.4) 43 (87.7)

 Abnormal (⩽14) 44 (4) 38 (3.6) 6 (12.3)

QSIRS 0.008*
 Negative 403 (35.9) 394 (36.9) 9 (18.3)

 Positive 711 (64.1) 671 (63.1) 40 (81.7)

Diabetes

 No 1078 (96.7) 1037 (97.3) 41 (83.6) 0.002*
 Yes 36 (3.3) 28 (2.7) 8 (16.4)

Hypertension

 No 1051 (94.3) 1009 (94.7) 42 (85.7) 0.2

 Yes 63 (5.7) 56 (5.3) 7 (14.3)

Sickle cell disease

 No 1103 (99) 1056 (99.1) 47 (95.9) > 0.9

 Yes 11 (1) 9 (0.1) 2 (4.1)

Asthma

 No 1092 (98) 1046 (98.2) 46 (93.8) 0.6

 Yes 22 (2) 19 (1.8) 5 (6.2)

ASA score < 0.001*
 ASA 1 950 (85.2) 917 (86.1) 33 (67.3)

 ASA 2,3 or 4 164 (14.8) 148 (13.9) 16 (32.7)

Hemoglobin level (g/dL) 12.6 (4.2) 12.73 (4.42) 11.30 (2.66) 0.004*
Hematocrit (%) 36.8 ± 7.4 37 ± (7) 34 ± (8) 0.039*
White blood cells (elements/mm3) 11,584 ± 7845 11,512 ± 7883 13,329 ± 6712 0.0021 *
Natremia (mmol/L) 136.5 ± 5.8 136.6 ± 5.7 134.3 ± 6.3 0.2

Serum potassium (mmol/L) 4.0 ± 4.4 4.06 ± 4.5 3.8 ± 0.72 0.4

Serum creatinine (mg/L) 11.4 ± 6 11.3 ± 5.7 14.0 ± 9.6 0.10

Diagnostic 0.034*
 Appendicitis 444 (39.8) 441 (41.4) 3 (6.1)

 Peritonitis 249 (22.3) 232 (21.7) 17 (34.7)

 Bowel obstruction 205 (18.5) 189 (17.8) 16 (32.6)

 Strangulated hernias 117 (10.5) 111 (10.4) 6 (12.3)

 Abdominal trauma 68 (6.1) 64 (6.1) 4 (8.2)

 Others 31 (2.8) 28 (2.6) 3 (6.1)
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adapted for easy use in resource-limited settings, such 
as qSOFA, SIRS, and QSIRS, only consider vital signs 
and hemogram results, thereby neglecting the patient’s 
general condition, diagnosis, and age, which are 

important factors in the occurrence of complications 
and preoperative assessment [17, 25].

The NDAR score proposed in this study addresses 
these gaps by integrating all these elements. It allows 
for the evaluation of severity and mortality risk from 
the patient’s admission, facilitating early and appro-
priate resuscitation measures and close postopera-
tive monitoring. Moreover, it includes two elements 
that account for multiple criteria, illustrating its holis-
tic approach to patient assessments. Indeed, the ASA 
score considers not only the existence of comorbidities 
but also their control and potential organ failure. The 
QSIRS, which is a score combining qSOFA and SIRS, 
includes vitals (systolic blood pressure, respiratory rate, 
heart rate, temperature, and Glasgow score) and hemo-
gram results, including white blood cell count [17, 25]. 
Thus, this proposed score evaluates elements that are 
easily available to all patients and allows for rapid tri-
age regardless of the resource context. It goes beyond 
previous scores designed for resource-limited con-
texts, such as the Surgical Apgar Score (SAS), which 
includes only three elements: the lowest heart rate, the 
lowest mean arterial pressure, and the estimated blood 
loss [26]. The ideal approach when designing a score 
would be to have a score with both clinical and read-
ily available biological elements, without falling into the 
extremes of having too few variables—thereby reducing 
the predictive effectiveness of the score—or including 
variables that are not always available in emergency sit-
uations, which would limit the score’s practical use.

In addition to patient age, the inclusion of preopera-
tive diagnostic suspicion or intraoperative confirmation 
(diagnosis of peritonitis, obstruction, or intestinal necro-
sis) adds crucial information, as it has already been dem-
onstrated that these diagnoses are strongly associated 
with complications in several studies [27, 28]. The inclu-
sion of age as a weighted factor in the score is important. 
It makes the score applicable to all patients, regard-
less of their age. Previous scores, such as the Geriatric 

Table 1 (continued)

Variable N (%) /mean ± standard deviation) p-value
(bold* means < 0.05)

Total Survived Died

1114 (100) 1065 (95.6) 49 (4,4)

Intestinal necrosis

 No 1077 (96.7) 1035 (97.2) 42 (85.7) < 0.001*
 Yes 37 (3.3) 30 (2.8) 7 (14.3)

Surgery waiting time (hours) 23.7 ± 74.2 27 ± 75 35 ± 3 0.017*
Operating time (minutes) 64.7 ± 29.7 64 ± 29 87 ± 43 0.034*
Length of hospitalization (days) 7.1 ± 7.5 6.9 ± 11.7 8.7 ± 14.2 0.5

Fig. 3 ROC curve of the NDAR score with an area under the curve 
of 0.7397(0.6642–0.8152)

Table 2 Classification into two risk levels of the score predicting 
death in abdominal surgical emergencies

Total score = 11 Score value Mortality (%)

• Age over 40 = 2
• ASA grade 2 or more = 1 ;
• Positive QSIRS = 2
• Diagnosis of peritonitis = 2
• Diagnosis of intestinal obstruction = 1
• Existence of intestinal necrosis = 3

0–5 = Negative 2.5%

6–11 = Positive 17.7%
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Emergency Surgery Mortality (GEM) score, which uses 
five variables (Acute Kidney Injury, ASA Class, BMI, 
Charlson Score, and Serum Albumin), were developed 
but only usable for the elderly [21].

Another advantage is that this score was developed con-
sidering all abdominal emergencies without limiting it to 
a specific type of emergency, broadening its scope and rel-
evance for generalized use. In developing countries where 
intensive care units are often saturated, this score could 
be a valuable tool for prioritizing the admission of high-
risk surgical patients. This would optimize the use of lim-
ited resources and improve patient outcomes.

Strengths
A large number of cases from multiple hospital cent-
ers were included, allowing for a robust and representa-
tive analysis. The developed score integrates standard 
clinical and biological elements that are easily accessible 
and provide an effective preoperative risk assessment 
for surgical patients. Another strength is that the score 
was developed using data from a resource-constrained 
context. Most of the available scores were designed and 
developed for other practice contexts. Therefore, this 
score might better fit our context and facilitate effective 
implementation.

Limitations
The sample could not be divided into training and valida-
tion sets because of the low mortality rate (4.4%, n = 49). 
Our score demonstrates good internal validity; however, 
further studies are needed to evaluate its external validity 
in different populations and surgical contexts.

Another limitation is the retrospective nature of the 
data collection, which may introduce inaccuracies and 
bias. Additionally, not all public health facilities par-
ticipated, and private hospitals were excluded which 
may introduce bias due to a lack of diversity in patient 
recruitment in Senegal. Consequently, the results may 
have restricted generalizability. Prior research shows 
that approximately 40% of healthcare services in Africa, 
including Senegal, are provided by the private sector [29]. 
For a more thorough assessment, future investigations 
should include private healthcare institutions.

Conclusion
Our study resulted in the development of a score that 
allows for the early identification of at-risk patients, 
facilitating appropriate perioperative management, and 
timely surgical interventions to reduce the risk of com-
plications. This approach, which focuses on the early 
recognition of high-risk patients, is crucial for improving 
the clinical outcomes in abdominal surgical emergencies. 
The NDAR score offers a simple and practical tool for 

predicting the mortality risk in surgical patients, particu-
larly in resource-limited countries. Its potential use in 
risk stratification, prioritizing intensive care unit admis-
sions, and improving patient outcomes warrants further 
exploration.
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