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Abstract: Accurate prediction of postoperative outcomes is essential for perioperative risk stratification and surgical audit. This 

prospective observational study evaluated the performance of the Portsmouth Physiological and Operative Severity Score for the 

Enumeration of Mortality and Morbidity (P-POSSUM) in predicting postoperative outcomes among 100 patients undergoing major 

general surgical procedures at a tertiary care centre. Predicted morbidity and mortality were calculated using the P-POSSUM scoring 

system and compared with observed 30-day outcomes. The observed postoperative morbidity and mortality rates were 37% and 12%, 

respectively. P-POSSUM underpredicted morbidity (26.27% vs. 37.0%) and overpredicted mortality (15.72% vs. 12.0%). The model 

demonstrated modest but significant discriminatory ability for morbidity (AUC = 0.644, p = 0.017), whereas its performance for mortality 

was not statistically significant (AUC = 0.638, p = 0.121). Multivariable analysis identified the physiological score and estimated blood 

loss as independent predictors of postoperative morbidity, while age independently predicted 30-day mortality. Overall, P-POSSUM showed 

moderate utility for perioperative risk assessment, performing better in predicting morbidity than mortality. These findings support its use 

as an adjunctive tool for preoperative risk stratification and surgical audit, although local validation and periodic recalibration are 

recommended before routine implementation. 
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1. Introduction 
 

Surgical care is an indispensable component of modern health 

systems and contributes substantially to the prevention of 

disability and premature mortality, with a significant 

proportion of the global burden of disease requiring surgical 

intervention at some point in the course of illness [1]. General 

surgery encompasses elective procedures for benign and 

malignant conditions as well as emergency operations 

performed for life threatening surgical emergencies. Despite 

continuous advances in surgical technique, anaesthetic safety, 

and perioperative care, postoperative morbidity and mortality 

remain persistent concerns worldwide [2]. 

 

Postoperative complications contribute significantly to 

prolonged hospital stay, increased healthcare costs, 

readmissions, and reduced quality of life, and mortality 

following surgery, although relatively infrequent in elective 

procedures, remains unacceptably high in emergency general 

surgery, particularly in patients with advanced physiological 

derangement and comorbid illness [3]. These adverse 

outcomes are influenced by a complex interaction between 

patient physiology, disease severity, operative complexity, 

and perioperative care quality, so that assessment of surgical 

outcomes requires careful adjustment for baseline patient risk 

rather than reliance on crude morbidity and mortality rates, 

which fail to account for differences in case mix and 

procedural complexity [4]. 

 

To address this limitation, risk adjusted surgical audit has 

emerged as a cornerstone of quality improvement in surgical 

practice, enabling identification of genuine deviations from 

expected performance and facilitating targeted intervention, 

benchmarking, accreditation, and informed consent in high-

risk surgical patients [5, 6]. At the individual patient level, 

reliable estimation of postoperative morbidity and mortality 

assists clinicians in optimising patients prior to surgery, 

planning perioperative monitoring, allocating critical care 

resources, and triaging high risk patients, which is especially 

important in emergency general surgery where time for 

optimisation is limited [7, 8]. 

 

Several scoring systems have been developed to estimate 

perioperative risk. The American Society of 

Anesthesiologists physical status classification is simple but 

subjective and does not incorporate operative factors or acute 

physiological derangement, while comorbidity-based indices 

such as the Charlson and Elixhauser scores quantify disease 

burden but were designed primarily for administrative data 

analysis rather than real time surgical decision making [9–

11]. The Physiological and Operative Severity Score for the 

enUmeration of Mortality and morbidity (POSSUM) 

addressed these gaps by combining twelve physiological 

variables with six operative variables, each assigned an 

exponential score, and applying logistic regression to predict 

postoperative morbidity and mortality [12]. However, 

subsequent validation studies identified a consistent tendency 

of POSSUM to overpredict mortality, particularly in low-risk 

surgical patients, which limited its accuracy for outcome 

benchmarking [13]. 

 

The Portsmouth modification of POSSUM (P-POSSUM) was 

therefore developed, retaining the original physiological and 

operative variables but employing a revised regression 

equation to improve calibration of mortality prediction, and it 

has since been widely adopted as a preferred tool for 

predicting postoperative mortality in general, emergency, and 

gastrointestinal surgery [14, 15]. Its performance in 

predicting postoperative morbidity has, however, been less 

consistent, with discrepancies attributed to differences in the 

definition of morbidity, heterogeneity of surgical procedures, 

and variation in perioperative care practices [16]. 

Furthermore, in low- and middle-income countries, where 

patients often present late with advanced pathology, 

malnutrition, and multiple untreated comorbidities, and where 

emergency surgery constitutes a large share of the surgical 
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workload, the applicability of such risk prediction tools 

requires local validation [17]. 

 

In the Indian context, general surgery units frequently manage 

high patient volumes with limited resources, and emergency 

admissions constitute a substantial proportion of the 

workload, underlining the importance of locally generated 

evidence to guide the application of risk prediction models 

and support context appropriate perioperative decision 

making. Therefore, the involvement of physiological 

derangement, operative severity, and case mix heterogeneity 

in determining surgical outcome suggests a need for further 

evaluation of P POSSUM in general surgery populations 

comprising both elective and emergency cases. This study 

aims to evaluate the effectiveness of the Portsmouth-

POSSUM (P-POSSUM) scoring system in predicting surgical 

outcomes among patients undergoing general surgery. 

 

2. Materials and Methods 
 

This prospective observational study was conducted in the 

Department of General Surgery, Baba Raghav Das Medical 

College, Gorakhpur, Uttar Pradesh, India, over a period of 

one year, after obtaining approval from the Institutional 

Human Ethics Committee (IEC No: 294(V)/IHEC/2025). 

 

Sample size: A total of 100 patients undergoing major 

general surgical procedures were enrolled during the study 

period on the basis of the inclusion and exclusion criteria 

below. 

 

Inclusion criteria: Adult patients aged more than 18 years 

admitted to the surgical emergency or elective surgical wards 

and undergoing major general surgical procedures (e.g., 

laparotomy, bowel resections), who gave written informed 

consent were included in the study. 

 

Exclusion criteria: Patients aged less than 18 years, patients 

undergoing minor surgical procedures under local 

anaesthesia, patients refusing consent, patients with trauma or 

burns, and patients requiring immediate lifesaving procedures 

in whom preoperative assessment was not feasible were 

excluded from the study. 

 

Study Procedure: After obtaining informed consent, all 

patients underwent detailed history taking and clinical 

examination, and their demographic characteristics and 

comorbidities were recorded. Routine and specific 

investigations, including complete blood count, renal function 

test, liver function test, serum electrolytes, and 

electrocardiogram, were performed for each patient. The P-

POSSUM (Portsmouth Physiological and Operative Severity 

Score for the enUmeration of Mortality and morbidity) 

scoring system was applied to predict outcomes, using twelve 

physiological parameters, namely age, cardiac signs, 

respiratory signs, electrocardiogram findings, systolic blood 

pressure, pulse rate, Glasgow Coma Scale score, 

haemoglobin, white blood cell count, blood urea, serum 

sodium, and serum potassium, and six operative parameters, 

namely operative severity, presence of multiple procedures, 

total blood loss, peritoneal soiling, presence of malignancy, 

and mode of surgery. Notably, predicted morbidity and 

mortality were calculated preoperatively using the standard P-

POSSUM logistic regression equations, and all patients were 

followed up for a period of 30 days postoperatively to record 

observed morbidity and mortality, which were then compared 

with the predicted rates. 

 

Statistical analysis: Data were entered in Microsoft Excel 

and analysed using Statistical Package for the Social Sciences 

(SPSS) version 23.0. Descriptive statistics were used to 

summarise the demographic, clinical, and operative 

characteristics of the study population, and results were 

presented as ranges, means with standard deviation, medians, 

and percentages. The Chi square test was used to compare 

categorical variables, and the independent samples Student's 

t test was used to compare continuous variables between 

groups, while comparisons among more than two groups were 

performed using analysis of variance (ANOVA). Univariate 

and multivariable logistic regression analyses were performed 

to identify independent predictors of morbidity and mortality, 

with results expressed as odds ratios. Notably, diagnostic 

accuracy of the P-POSSUM score was assessed by plotting 

the area under the receiver operating characteristic (ROC) 

curve, along with sensitivity, specificity, positive and 

negative predictive values, and likelihood ratios for positive 

and negative results. A p value of less than 0.05 was 

considered statistically significant. 

 

Ethical considerations: The study was conducted in 

accordance with the approval of the Institutional Human 

Ethics Committee and the principles of the Declaration of 

Helsinki, 2013 revision. Written informed consent was 

obtained from all participants, and confidentiality and data 

protection were maintained throughout the study. 

 

3. Results 
 

The study included 100 patients undergoing major general 

surgery, with a predominance of males (57%). The largest 

proportion of participants was aged 61–80 years (38%). 

Hypertension (35%) and diabetes mellitus (29%) were the 

most common comorbidities, while malignancy (22%), 

coronary artery disease (15%), COPD (13%), and chronic 

kidney disease (12%) were less prevalent, indicating a 

substantial burden of cardiovascular and metabolic 

comorbidities in the study population (Table 1/Fig. 1). 

 

Table 1: Demographic characteristics of the study 

population (N=100) 

Characteristic Category 
Frequency  

(n) 

Percentage  

(%) 

Age (years) 

18–40 35 35 

41–60 27 27 

61–80 38 38 

Sex 
Male 57 57 

Female 43 43 

Comorbidities 

Hypertension 35 35 

Diabetes Mellitus 29 29 

Chronic Kidney Disease 12 12 

COPD 13 13 

Coronary Artery Disease 15 15 

Malignancy 22 22 

 

Paper ID: SR26721191622 DOI: https://dx.doi.org/10.21275/SR26721191622 1760 

http://www.ijsr.net/


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

Impact Factor 2025: 7.089 

Volume 15 Issue 7, July 2026 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

 
Figure 1: Demographic characteristics of the study 

participants 

 

The majority of patients underwent elective (58%) and major 

(59%) surgical procedures, with 35% requiring multiple 

procedures. The mean predicted morbidity and mortality were 

26.27% and 15.72%, respectively. Postoperative morbidity 

occurred in 37% of patients, while 39% required ICU 

admission and 14% required ventilatory support. The mean 

hospital stay was 9.75 days, and the 30-day mortality rate was 

12%, indicating a considerable postoperative burden despite 

predominantly elective surgical management (Table 2). 

 

Table 2: Perioperative and postoperative characteristics of 

the study population (N=100) 
Variable Category / Value n (%) / Mean ± SD 

Type of Surgery 
Elective 58 (58.0) 

Emergency 42 (42.0) 

Operative Severity 
Major 59 (59.0) 

Complex Major 41 (41.0) 

Multiple Procedures 
Yes 35 (35.0) 

No 65 (65.0) 

Estimated Blood Loss 

(mL) 

Mean ± SD 641.51 ± 316.22 

Range 107–1195 

Physiological Score 
Mean ± SD 29.93 ± 10.49 

Range 12–49 

Operative Score 
Mean ± SD 17.60 ± 6.37 

Range 6–29 

Predicted Morbidity 

(%) 

Mean ± SD 26.27 ± 8.23 

Range 5.0–43.5 

Predicted Mortality 

(%) 

Mean ± SD 15.72 ± 5.20 

Range 1.2–33.1 

30-day Morbidity 
Yes 37 (37.0) 

No 63 (63.0) 

ICU Admission 
Yes 39 (39.0) 

No 61 (61.0) 

Ventilator Support 
Yes 14 (14.0) 

No 86 (86.0) 

Length of Hospital 

Stay (days) 

Mean ± SD 9.75 ± 3.63 

Range 4–21 

30-day Mortality 
Survived 88 (88.0) 

Expired 12 (12.0) 

 

P-POSSUM underpredicted postoperative morbidity and 

overpredicted mortality in the study cohort. Patients who 

developed postoperative morbidity had significantly higher 

predicted morbidity scores than those without morbidity 

(29.20% vs. 24.55%; p = 0.006). Although patients who died 

had higher predicted mortality scores than survivors (17.83% 

vs. 15.44%), the difference was not statistically significant (p 

= 0.137) (Table 3). 

 

Table 3: Performance of the P-POSSUM score in predicting 

postoperative outcomes 

Outcome 
Predicted (%) / 

Mean ± SD 

Observed  

n (%) 

Test 

statistic 

p- 

value 

Overall Morbidity 26.27 ± 8.23 37 (37.0) 
– – 

Overall Mortality 15.72 ± 5.20 12 (12.0) 

Predicted Morbidity by Observed Morbidity 

Morbidity Present 29.20 ± 8.57 37 (37.0) 
t = 2.823 0.006 

Morbidity Absent 24.55 ± 7.57 63 (63.0) 

Predicted Mortality by Observed Mortality 

Expired 17.83 ± 3.75 12 (12.0) 
t = -1.501 0.137 

Survived 15.44 ± 5.32 88 (88.0) 

 

Receiver operating characteristic curve analysis showed that 

the predicted morbidity score had significant discriminatory 

ability for 30-day morbidity, with an area under the curve 

(AUC) of 0.644 (standard error 0.059, 95% confidence 

interval 0.528 to 0.760, p=0.017). In contrast, the predicted 

mortality score showed an AUC of 0.638 for 30-day mortality 

(standard error 0.082, 95% confidence interval 0.478 to 

0.798, p=0.121), which did not reach statistical significance 

(Table 4/Fig. 2 and 3). 

 

Table 4: Diagnostic accuracy of the P-POSSUM score for 

predicting postoperative outcomes 

Outcome AUC 
Standard 

Error 
95% CI p-value Interpretation 

30-day 

Morbidity 
0.644 0.059 0.528–0.760 0.017 

Significant 

predictive 

ability 

30-day 

Mortality 
0.638 0.082 0.478–0.798 0.121 

Not 

statistically 

significant 

 

 
Figure 2: ROC curve showing the performance of predicted 

morbidity in predicting observed morbidity 
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Figure 3: ROC curve showing the performance of predicted 

mortality in predicting observed mortality 

 

Multivariable logistic regression identified the physiological 

score (adjusted OR = 5.027, p = 0.019) and estimated blood 

loss (adjusted OR = 3.999, p = 0.038) as independent 

predictors of 30-day postoperative morbidity. For 30-day 

mortality, only age was independently associated with the 

outcome (p = 0.002), whereas the physiological score, 

operative score, and predicted mortality were not significant 

independent predictors (Table 5). 

 

Table 5: Multivariable logistic regression analysis for 

predictors of postoperative morbidity and mortality 

Variable 

30-Day 

Morbidity 

Adjusted OR 

p- 

value 

30-Day 

Mortality 

Adjusted OR 

p- 

value 

Physiological Score 5.027 0.019 1 0.993 

Operative Score 1.035 0.314 1.003 0.961 

Age (years) 1 0.991 0.912 0.002 

Estimated Blood 

Loss (mL) 
3.999 0.038 — — 

Predicted Mortality 

(%) 
— — 0.89 0.236 

 

The physiological score showed a strong positive correlation 

with both predicted postoperative morbidity (r = 0.632, p < 

0.001) and mortality (r = 0.613, p < 0.001). The operative 

score demonstrated moderate positive correlations with 

predicted morbidity (r = 0.491, p < 0.001) and mortality (r = 

0.440, p < 0.001). Predicted morbidity and mortality were 

also significantly positively correlated (r = 0.540, p < 0.001) 

(Table 6). 

 

 

 

 

 

 

 

 

 

 

 

Table 6: Correlation between clinical scores and predicted 

postoperative outcomes 

Variables 
Correlation 

Coefficient (r) 

p- 

value 

Physiological Score vs Predicted 

Morbidity (%) 
0.632 <0.001 

Physiological Score vs Predicted 

Mortality (%) 
0.613 <0.001 

Operative Score vs Predicted 

Morbidity (%) 
0.491 <0.001 

Operative Score vs Predicted 

Mortality (%) 
0.44 <0.001 

Predicted Morbidity (%) vs 

Predicted Mortality (%) 
0.54 <0.001 

 

4. Discussion 
 

In this prospective observational study, 100 patients 

undergoing major general surgical procedures were evaluated 

to assess the effectiveness of the P-POSSUM scoring system 

in predicting postoperative morbidity and mortality. Males 

comprised 57% of the study population and the majority of 

patients were in the 61 to 80 years age group, followed closely 

by the 18 to 40 years group. Shekar et al. (2023) reported a 

younger cohort, with most participants aged 31 to 40 years 

(43%) and only 2% aged 61 to 70 years, and a mean age of 37 

years [1]. Manoharan and Vijayalakshmi (2019) similarly 

reported a predominance of patients in the 40 to 49 years age 

group (26.6%) [2]. In contrast, Anbarasu and Chandak 

(2019) reported that 47% of their patients were aged over 50 

years, with a higher concentration of patients aged 60 to 70 

years in the emergency surgery group, a pattern broadly 

consistent with the older age distribution observed in the 

present study [3]. Hong et al. (2017)  reported a mean age of 

61.7 ± 13.1 years in patients undergoing gastrectomy, while 

Johns et al. (2020), studying hip fracture patients, reported a 

much older median age of 88 years [4, 5]. Taken together, 

these observations confirm that major general surgical 

interventions are commonly performed in patients of 

advancing age with substantial systemic comorbidity, which 

is consistent with the comorbidity profile in the present study, 

where hypertension, diabetes mellitus and malignancy were 

the most frequent comorbid conditions. 

 

Regarding operative characteristics, elective surgery 

accounted for 58% of procedures in the present study, with 

the remainder performed as emergencies. This proportion is 

broadly comparable to that reported by Manoharan and 

Vijayalakshmi (2019), who documented emergency and 

elective surgery rates of 57.8% and 42.2% respectively, and 

contrasts with Anbarasu and Chandak (2019) and Tyagi et 

al. (2017), both of whom reported a higher proportion of 

emergency procedures, at 70% and 78% respectively [2, 3, 6]. 

The mean blood loss in the present study (641.51 ± 316.22 

mL) reflects the operative complexity of the major and 

complex major procedures included, consistent with the 

finding across these studies that operative severity, blood loss, 

and peritoneal contamination are important drivers of P-

POSSUM operative scores and, consequently, of predicted 

risk. 

 

The mean physiological score in the present study was 29.93 

± 10.49 and the mean operative score was 17.60 ± 6.37, both 

of which were higher than those reported by Shekar et al. 
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(2023) (physiological score 24.57, operative score 19.01) and 

by Tyagi et al. (2017) (physiological score 17.56 ± 7.6, 

operative score 17.76 ± 4.5), suggesting a somewhat greater 

burden of preoperative physiological derangement in the 

present cohort [1, 6]. The mean predicted morbidity of 26.27 

± 8.23% in this study was lower than the observed 30-day 

morbidity of 37.0%, indicating that P-POSSUM 

underpredicted morbidity in this population. This finding 

differs from that of Tyagi et al. (2017), who observed the 

opposite pattern, with observed morbidity of 42% falling 

below the predicted rate of 54%, and from Anbarasu and 

Chandak (2019), who similarly reported observed morbidity 

(41%) lower than predicted (54%) [3, 6]. Hong et al. (2017), 

however, reported closer agreement, with observed morbidity 

of 34.0% closely matching the POSSUM predicted rate of 

36.6% [4]. These discrepancies across studies reinforce the 

previously described inconsistency of POSSUM based 

models in predicting postoperative morbidity, which has been 

attributed to variation in the definition of morbidity, 

heterogeneity of surgical procedures, and differences in 

perioperative care practice. 

 

In contrast to the morbidity findings, the mean predicted 

mortality in the present study (15.72 ± 5.20%) exceeded the 

observed 30-day mortality of 12.0%, indicating 

overprediction of mortality, a pattern that is consistent with 

the well described tendency of POSSUM based scores to 

overestimate mortality risk. This pattern mirrors the findings 

of Tyagi et al. (2017), who reported observed mortality of 

12% against a P-POSSUM predicted rate of 14%, and of 

Anbarasu and Chandak (2019), who reported observed 

mortality of 11% against a predicted rate of 13% [3, 6]. 

Shekar et al. (2023) and Johns et al. (2020) likewise 

reported observed mortality below the corresponding P-

POSSUM predictions [1, 5]. Hong et al. (2017) reported a 

similar pattern, with an observed to expected mortality ratio 

of 0.91 for P-POSSUM [4]. These consistent findings across 

diverse surgical populations support the conclusion that, 

while P-POSSUM was specifically developed to correct the 

overprediction of mortality inherent in the original POSSUM 

model, some degree of residual overprediction persists across 

varied clinical settings, including the present cohort. 

 

In the present study, predicted morbidity was significantly 

higher in patients who actually developed morbidity (29.20 ± 

8.57%) compared with those who did not (24.55 ± 7.57%, 

p=0.006), and receiver operating characteristic analysis 

confirmed statistically significant discriminatory ability for 

morbidity prediction (AUC 0.644, p=0.017). This finding 

aligns with the observations of Shekar et al. (2023), who 

reported an AUC of 0.666 for POSSUM and 0.664 for P-

POSSUM in predicting morbidity [1]. For mortality, although 

predicted mortality was numerically higher in patients who 

died (17.83 ± 3.75%) than in survivors (15.44 ± 5.32%), this 

difference did not reach statistical significance (p=0.137), and 

the corresponding AUC of 0.638 also did not reach 

significance (p=0.121). This finding contrasts with several 

previous reports of strong discriminatory performance for 

mortality prediction, including Shekar et al. (2023), who 

reported mortality AUCs of 0.818 and 0.836 for POSSUM 

and P-POSSUM respectively, and Anbarasu and Chandak 

(2019), who reported 98% sensitivity and 100% specificity 

for P-POSSUM in mortality prediction [1, 3]. The relatively 

modest discriminatory performance for mortality observed in 

the present study may reflect the smaller number of mortality 

events (n=12) in this cohort, which limits statistical power, as 

well as case mix differences between studies. 

 

On multivariable analysis, the physiological score and 

estimated blood loss were identified as independent 

predictors of postoperative morbidity, while age was the only 

independent predictor of mortality. This is broadly consistent 

with Tamijmarane et al. (2008), who found that the 

physiological score and white cell count independently 

predicted postoperative complications following pancreatic 

surgery, and with Tyagi et al. (2017), who reported 

significant associations between mortality and multiple 

physiological parameters including cardiorespiratory status, 

pulse rate, Glasgow Coma Scale score, and electrolyte 

derangement [6, 7]. The identification of age as an 

independent predictor of mortality in the present study is 

consistent with the broader literature on perioperative risk, in 

which advancing age is repeatedly shown to be a critical 

determinant of survival following major surgery, as also 

emphasised by Johns et al. (2020) in a much older hip 

fracture cohort [5]. 

 

The significant positive correlations between physiological 

score and predicted morbidity and mortality, along with the 

moderate correlations for operative score, support the internal 

consistency of the P-POSSUM model and reinforce that 

increasing physiological derangement and operative severity 

are associated with higher predicted postoperative risk. 

Overall, P-POSSUM demonstrated moderate predictive 

performance, with reasonable discrimination for morbidity 

but limited accuracy for mortality. The model tended to 

underpredict morbidity and overpredict mortality, consistent 

with findings from previous studies, highlighting the need for 

local validation before its use in surgical audit and 

benchmarking. 

 

5. Conclusion 
 

The present study demonstrates that the P-POSSUM scoring 

system is a useful tool for perioperative risk stratification in 

patients undergoing major general surgery. While it showed 

moderate accuracy in predicting postoperative morbidity, its 

performance for mortality prediction was limited, with a 

tendency to underpredict morbidity and overpredict mortality. 

Higher physiological scores and greater intraoperative blood 

loss were independent predictors of postoperative morbidity, 

whereas advancing age independently predicted 30-day 

mortality. These findings support the use of P-POSSUM as 

an adjunct for preoperative risk assessment, patient 

counselling, and surgical audit; however, local validation and 

periodic recalibration are recommended before its routine use 

for benchmarking surgical outcomes. 
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