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 Abstract 

Objeective To compare the predictive ability of the APACHE-II and P-POSSUM scoring 
systems in predicting thirty day postoperative mortality among patients undergoing non-
traumatic emergency laparotomy in a large public sector hospital in Pakistan. 
Methods A prospective observational study was carried out at Dr. Ruth KM Pfau Civil 
Hospital Karachi among patients undergoing non-traumatic emergency laparotomy. 
APACHE-II and P-POSSUM scores were calculated for each patient using physiological 
and operative parameters. The mortality was assessed within 30 days of post-operation. 
Receiver Operating Characteristic (ROC) curve analysis was used to determine the 
discriminative ability of both scores. Optimal cutoff points were identified using Youden’s 
Index, and diagnostic accuracy was assessed through sensitivity, specificity, positive predictive 
value (PPV), and negative predictive value (NPV). 
Results Of 192 patients, the 30-day postoperative mortality rate was 24 (12.5%). Both 
APACHE-II and P-POSSUM showed excellent discriminatory power, with area under the 
AUC values exceeding 0.90. The optimal cutoff for APACHE-II mortality risk was 27.35, 
reporting sensitivity, specificity, PPV, NPV, and diagnostic accuracy of 95.8%, 22.6%, 
15.0%, 97.4%, and 31.8% respectively. For P-POSSUM, the optimal cutoff was 49.75, 
with sensitivity, specificity, PPV, NPV, and diagnostic accuracy of 95.8%, 45.8%, 20.2%, 
98.7%, and 52.1% respectively.  
Conclusion Both APACHE II and P-POSSUM scores are effective in predicting 30-day 
postoperative mortality, with P-POSSUM offering superior diagnostic accuracy due to the 
inclusion ofintraoperative variables. 
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INTRODUCTION 
Emergency laparotomy remains one of the most 
frequently performed procedures in acute surgical 
care worldwide. Despite advances in surgical 
techniques, anesthetic practices, and postoperative 
critical care, the mortality rates associated with 
emergency laparotomies continue to be alarmingly 
high. A systematic review reported a one-year 
mortality rate of 24.6% among such patients1, while 
outcomes among geriatric populations are even more 
dismal, with one-year mortality rates ranging from 
30% to 47%.2 
There is a notable paucity of data on emergency 
laparotomy outcomes from low- and middle-income 
countries (LMICs) such as Pakistan.3 This gap 
underlines the need for context-specific studies to 
understand the burden of surgical mortality and the 
effectiveness of predictive tools in resource-limited 
settings. Early prognostic evaluation can help identify 
high-risk patients who may benefit from aggressive 
perioperative management.4-6  

Risk stratification tools such as scoring systems are 
increasingly utilized to support surgical audits and 
improve clinical governance.7-9 The Portsmouth 
Physiological and Operative Severity Score for the 
enumeration of Mortality and morbidity (P-
POSSUM), which is a modification of the original 
POSSUM score, is now widely applying to evaluate 
outcomes in emergency laparotomy.7 P-POSSUM 
incorporates both physiological and intraoperative 
parameters, requiring eighteen factors including 
estimates of blood loss and peritoneal 
contamination.10  In contrast, the Acute Physiology 
and Chronic Health Evaluation II (APACHE-II) 
score which was first introduced in 1985 remains 
one of the most extensively validated illness severity 
scoring systems all around the world.11 It relies on 
twelve preoperative physiological variables and is 
valued for its applicability in diverse clinical 
settings.12,13 
Although both tools are employed in surgical 
practice, they differ significantly in their components 
and clinical applicability.6,14 Nevertheless, no 
consensus exists regarding the superiority of one 
system over the other, and comparative performance 
remains underexplored in a developing country like 
Pakistan. Moreover, the late presentation of most of 
these cases in public sector hospitals of Pakistan and 

consequently, their severity necessitates pre-
assessment that can predict the prognosis of such 
cases. Therefore, this study was designed to compare 
the predictive accuracy of APACHE-II and P-
POSSUM scoring systems in predicting postoperative 
mortality among patients undergoing non-traumatic 
emergency laparotomy. 
 
METHODS 
This prospective observational study was conducted 
in the Department of General Surgery at Dr Ruth 
K.M. Pfau Civil Hospital Karachi, Pakistan. The 
study was conducted after getting approval from the 
Institutional Review Board (IRB) of Dow University 
of Health Sciences. Moreover, signed informed 
consent was obtained from all eligible study 
participants or their attendants.  
All patients aged 18 years and above who presented 
with non-traumatic abdominal pathology requiring 
emergency open laparotomy were considered eligible 
for inclusion. All these patients were enrolled 
through non-probability consecutively sampling. 
However, patients undergoing re-exploration 
procedures or those unwilling to provide informed 
consent were excluded. The sample size was 
calculated using an expected postoperative mortality 
rate of 14.6%, margin of error 5%, and 95% CI. The 
estimated sample size came out to be 192.  
After the clinical decision for surgery was made, 
demographic and physiological data were recorded 
preoperatively. The APACHE-II score ranged from 0 
to 71, with higher scores indicating increased severity 
of illness and a correspondingly higher risk of 
postoperative mortality. The estimated mortality risk 
based on this score was obtained using validated 
scoring tables or online calculators. 
The P-POSSUM score was computed using twelve 
physiological parameters and six operative severity 
factors. Physiological data was collected before 
surgery, while operative variables were documented 
intraoperatively and postoperatively. The total 
physiological and operative scores were entered into 
a logistic regression equation to calculate the 
predicted mortality risk, which was expressed as a 
percentage. While APACHE-II relies exclusively on 
preoperative data and allows for early triage, the P-
POSSUM scoring system includes intraoperative 
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findings, making it more suitable for postoperative 
audit and institutional outcome evaluation. 
Interpretation of these scoring systems was 
standardized for the study. The APACHE-II score 
was interpreted as a composite measure of acute 
physiological derangement and chronic health 
burden, with scores above 20 indicating a high 
likelihood of poor outcome. The mortality risk 
derived from this score represented the estimated 
probability of in-hospital death. The P-POSSUM 
physiological score reflected the baseline clinical 
status, while the operative severity score captured the 
complexity and intraoperative challenges of the 
surgical intervention. The predicted mortality risk 
calculated using P-POSSUM represented the 
combined impact of physiological and surgical risk 
on the likelihood of death. 
All data were entered into a structured proforma and 
patients were followed until discharge and 
subsequently for 30 days post-discharge through 
telephone interviews or scheduled follow-up visits. 
The primary outcome of interest was 30-day 
postoperative mortality, defined as any death 
occurring during the index hospital admission or 
within 30 days following discharge. Secondary 
outcomes included duration of hospital stay, need 
for postoperative mechanical ventilation, 
requirement of inotropic support for hemodynamic 
instability (mean arterial pressure less than 65 mmHg 
despite adequate fluid resuscitation), development of 
acute kidney injury diagnosed according to the 
KDIGO criteria, need for re exploration after the 
initial surgery, and occurrence of cardiac morbidity 
such as myocardial infarction or arrhythmias 
requiring medical intervention. 
Statistical analysis was performed using IBM SPSS 
version 24. Continuous variables were summarized 
using means and standard deviations or medians as 
appropriate, while categorical variables were reported 
as frequencies and percentages. The distribution of 
continuous data was assessed for normality using the 
Shapiro-Wilk test. Between-group comparisons for 
continuous variables were conducted using the 
independent sample t-test or the Mann–Whitney U 
test, depending on the data distribution. The Chi-
square test was used for comparison of categorical 
variables. To assess the predictive accuracy of the 
APACHE-II and P-POSSUM scoring systems for 30-

day mortality, receiver operating characteristic 
(ROC) curve analysis was performed. The area under 
the ROC curve (AUC) was calculated for each score 
to evaluate their discriminatory power, with values 
closer to 1.0 indicating superior predictive 
performance. 
 
Results 
Of 192 patients, the mean age of the patients was 
49.81 ±18.58 years. There were 103 (53.6%) males 
and 89 (46.4%) females. The mean height, weight 
and BMI of the patients were 166.35 ±9.92 cm, 
71.05 ±15.43 kg, and 25.94 ±6.45 kg/m2 
respectively. Diabetes mellitus was observed in 51 
(26.6%), hypertension in 69 (35.9%) and chronic 
kidney disease in 25 (13.0%) patients. The mean 
length of hospital stay was 16.14 ±7.44 days.  
Ventilatory support was provided in 46 (24.0%) 
patients whereas inotropic support was provided in 
35 (18.2%) patients. The mean APACHE-II 
predictive mortality score was 49.07 ±24.52 whereas 
mean P-POSSUM predictive mortality score was 
58.67 ±25.67. The 30-day postoperative mortality 
was observed in 24 (12.5%) patients. 
Figure 1 illustrates the ROC curves comparing the 
predictive performance of APACHE-II mortality risk 
and P-POSSUM predicted mortality risk. Both 
scoring systems demonstrated excellent 
discriminative ability, with Area Under the Curve 
(AUC) values exceeding 0.90 (APACHE-II: AUC 
0.92, p-value <0.001) and (P-POSSUM: AUC 0.95, 
p-value <0.001). 
The optimal cutoff for APACHE-II mortality risk was 
identified as 27.35, yielding a sensitivity of 95.8% 
and specificity of 22.6%, with a corresponding 
Youden’s Index of 0.184. For P-POSSUM, the 
optimal cutoff was 49.75, also achieving a sensitivity 
of 95.8% but with improved specificity of 45.8%, 
and a higher Youden’s Index of 0.416. (Table 1) 
Cross-tabulation analysis showed that both 
APACHE-II and P-POSSUM had high sensitivity 
(95.8%) for predicting 30-day mortality. However, P-
POSSUM demonstrated superior specificity (45.8% 
vs. 22.6%) and overall accuracy (52.1% vs. 31.8%). 
(Table 2) 
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Discussion 
The prediction of postoperative mortality remains a 
cornerstone of surgical risk assessment, particularly 
in emergency settings where decision-making must be 
both timely and accurate. This study compared the 
prognostic utility of two widely used scoring 
systems—APACHE-II and P-POSSUM for predicting 
30-day postoperative mortality among surgical 
patients in a tertiary care setting in Pakistan. Both 
scoring systems demonstrated high sensitivity; 
however, P-POSSUM outperformed APACHE-II in 
terms of specificity and overall diagnostic accuracy. 
These findings align with prior literature and 
support the clinical relevance of incorporating 
objective risk stratification tools into perioperative 
care. 
In our cohort of 192 patients, the observed 30-day 
mortality rate was 12.5%. The ROC analysis showed 
that both APACHE-II and P-POSSUM mortality risk 
scores had strong discriminatory ability, with AUC 
values exceeding 0.90. These values reflect excellent 
predictive performance, consistent with those 
reported in international literature. The optimal 
cutoff value for APACHE-II yielded a high 
sensitivity, but relatively low specificity. In contrast, 
the optimal P-POSSUM cutoff maintained a similar 
high sensitivity but improved specificity and 
diagnostic accuracy. The higher Youden’s Index for 
P-POSSUM further confirmed its superior 
performance in balancing sensitivity and specificity. 
Several studies have evaluated the comparative 
performance of APACHE-II and P-POSSUM scoring 
systems in predicting mortality. The JLUMHS study 
by Ashfaq et al. (2024)16 found a statistically 
significant association between increasing APACHE-
II scores and mortality in patients undergoing 
exploratory laparotomy for peritonitis, reinforcing 
the predictive validity of this tool in high-risk 
abdominal surgery. Similarly, the Elsevier article by 
Yelamanchi et al. (2020) confirmed the strong 
discriminative ability of both APACHE-II and P-
POSSUM, identifying them as superior predictors 
among various risk scoring models evaluated for 
emergency laparotomy patients. However, they prefer 
APACHE-II over P-POSSUM because of the easy 
calculation and reliance only on pre-operative 
parameters in APACHE-II scoring.17 Similar findings 
were reported by by Nag et al. (2019) as well.15 In the 

Journal of Surgery Pakistan article (2023), although 
POSSUM showed acceptable predictive capacity for 
mortality, it performed poorly for morbidity 
prediction, indicating the value of adopting the 
modified P-POSSUM variant in contemporary 
clinical settings.18 
Our findings are consistent with these reports and 
extend their relevance to a Pakistani surgical 
population. While APACHE-II remains a robust and 
easy-to-use score based solely on physiological 
variables, its limitations stem from its inability to 
incorporate intraoperative factors, which are central 
to the P-POSSUM framework. The inclusion of 
operative severity in P-POSSUM likely accounts for 
its better specificity and diagnostic accuracy in our 
sample. Moreover, given that both scores were 
evaluated against actual mortality outcomes and not 
just intermediate endpoints, the results hold strong 
external validity. 
The strengths of this study include its prospective 
design, use of validated risk scoring systems, and 
analysis based on clinically meaningful endpoints. 
Furthermore, the inclusion of patients from a tertiary 
care center provides a realistic reflection of surgical 
case complexity in resource-limited settings. 
However, several limitations must be acknowledged. 
First, the study was conducted at a single center, 
which may limit the generalizability of findings. 
Second, despite using validated cutoff values derived 
from ROC analysis, a relatively small number of 
events (i.e., deaths) may have impacted the precision 
of diagnostic metrics such as specificity and PPV. 
Third, the mortality data were limited to a 30-day 
window and may not capture long-term postoperative 
outcomes.  
Future research should focus on validating these 
findings in larger multicenter cohorts, with 
stratification by type of surgery and comorbidities. 
Integration of these scores with electronic health 
records may also enhance their real-time 
applicability. Additionally, comparative evaluation 
with machine-learning models or combined scoring 
indices may further optimize predictive accuracy and 
personalize perioperative risk assessment. Despite the 
limitations, this study contributes valuable evidence 
supporting the application of APACHE-II and P-
POSSUM scoring systems in surgical mortality 
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prediction and highlights P-POSSUM’s potential as a 
more accurate tool in complex surgical populations. 
 
 
 

Conclusion 
The predictive ability of APACHE-II and P-POSSUM 
scores was found almost similar in predicting 30-day 
postoperative mortality among patients undergoing 
non-traumatic emergency laparotomy. 

 
Figure 1: Receiver Operating Characteristic (ROC) curves comparing the predictive performance of APACHE-

II Mortality Risk and P-POSSUM Predicted Mortality Risk for 30-day postoperative mortality. 

 

 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Table 1. Optimal cutoff, sensitivity, specificity, and Youden’s Index for APACHE-II and P-POSSUM scores 
Score System Optimal Cutoff Sensitivity (%) Specificity (%) Youden’s Index 
APACHE-II 27.35 27.35 95.8 22.59 
P-POSSUM 49.75 49.75 95.8 45.8 

Table 2: Cross-tabulation of observed 30-day mortality with predicted mortality risk using APACHE-II and P-
POSSUM optimal cutoffs 

Predicted 
Mortality 

Mortality 30 days 
p-value Se Sp PPV NPV 

Overall 
Diagnostic 
Accuracy 

Yes No 
n (%) n (%) 

APACHE-II ≥ 27.35 
Yes 23 (15.0) 130 (85.0) 

0.032 95.83 22.62 15.03 97.44 31.77 
No 1 (2.6) 38 (97.4) 

P-POSSUM ≥ 49.75 
Yes 23 (20.2) 91 (79.8) 

<0.001 95.83 45.83 20.18 98.72 52.08 
No 1 (1.3) 77 (98.7) 
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