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Abstract: Accurate perioperative risk stratification is essential for consent, triage, and audit in general surgery. The Physiological and Operative 

Severity Score for the Enumeration of Mortality and Morbidity (POSSUM) and its Portsmouth modification (P-POSSUM) are widely used, but external 
performance varies by setting. Objective: To evaluate discrimination and calibration of POSSUM (mortality and morbidity) and P-POSSUM 

(mortality) in patients undergoing midline laparotomy, overall and within key subgroups. Methods: We conducted a prospective observational study 

of consecutive adults undergoing elective or emergency midline laparotomy at Surgical Unit 5, Civil Hospital Karachi, from 1st August 2024 to 31st 

January 2025. POSSUM physiological (PS) and operative (OS) scores were computed; predicted risks were derived using standard logistic equations. 
Primary outcomes were 30-day mortality and 30-day morbidity (any postoperative complication ≥Clavien–Dindo II). Discrimination (AUC) and 

calibration (Hosmer–Lemeshow, observed: expected [O: E] ratios, decile plots) were assessed, including subgroup analyses by urgency and ASA class. 

Results: Among 150 patients (60% male; mean age 56.6±15.9 years), 65% underwent emergency surgery. Thirty-day outcomes were: complications 

55%, ICU admission 32%, mortality 9%; mean length of stay 14.6±9.1 days. Mortality discrimination was moderate for P-POSSUM (AUC 0.652, 95% 
CI 0.484–0.820) and POSSUM (AUC 0.629, 95% CI 0.460–0.798); morbidity discrimination was acceptable for POSSUM (AUC 0.704, 95% CI 0.622–

0.786). Calibration indicated overall over-prediction: O: E 0.888 for P-POSSUM mortality (13 observed/14.64 expected), 0.421 for POSSUM mortality 

(13/30.89), and 0.895 for POSSUM morbidity (82/91.57); Hosmer–Lemeshow was significant for mortality and morbidity (p≤0.005). Subgroups 

showed under-prediction in elective mortality (O: E 1.405) and over-prediction in emergency mortality (O: E 0.763); ASA I–II and III–V strata were 
closer to unity. Conclusions: POSSUM/P-POSSUM provided moderate discrimination but clinically relevant miscalibration, most pronounced at risk 

extremes. For decision support and benchmarking, local intercept/slope recalibration and, where appropriate, context-specific models (e.g., NELA or 

CR-POSSUM) are recommended to improve accuracy. 

Keywords: POSSUM; P-POSSUM; Emergency laparotomy; Risk stratification; Calibration 

[How to Cite: Mahjabeen S, Zaheer F, Khalid T, Iftikhar HY, Qamar SZ, Khan A. Evaluation of possum scoring system in patients undergoing 
laparotomy for risk assessment. Biol. Clin. Sci. Res. J., 2025; 6(6): 489-493. doi: https://doi.org/10.54112/bcsrj.v6i6.2003 

 

Introduction 

Accurate peri-operative risk stratification underpins informed consent, 

peri-operative optimization, level-of-care decisions, and fair 

benchmarking. The Physiological and Operative Severity Score for the 
Enumeration of Mortality and Morbidity (POSSUM) combines a 12-item 

physiological score with a 6-item operative severity score to generate 

predicted risks of morbidity and mortality via logistic equations, 

originally derived and prospectively validated by Copeland et al. in 
general surgical patients (1). Early external evaluations noted that the 

original mortality equation tended to over-predict deaths, particularly in 

low-risk groups, prompting the Portsmouth modification (P-POSSUM), 

which recalibrated the intercept and slopes to improve calibration across 
risk strata (2). 

Emergency laparotomy (EL) remains one of the highest-risk general 

surgical procedures; contemporary series report 30-day mortality between 

~5–10% in unselected cohorts, and substantially higher in older or frail 
populations. In a geriatric EL cohort (n=157), 90-day mortality reached 

29.3%, and models incorporating P-POSSUM demonstrated AUCs 

≈0.88–0.93 for mortality discrimination (6). In a prospective EL study 

from a developing-country referral center (n=120), POSSUM's linear 
analysis markedly over-predicted mortality (O: E 0.39) and morbidity (O: 

E 0.68), whereas exponential analysis improved calibration (mortality O: 

E 0.62; morbidity O: E 0.91). P-POSSUM achieved closer mortality 

prediction (O: E 0.88). (3) Similar signals—good discrimination but 
imperfect calibration—have been reported in large peri-operative cohorts, 

with fewer observed than expected deaths across deciles of risk (8). 

Beyond classic POSSUM/P-POSSUM, several risk tools (e.g., NELA, 

NSQIP, SORT) are now used clinically. Comparative work increasingly 

suggests that the National Emergency Laparotomy Audit (NELA) model 

equals or outperforms P-POSSUM for 30-day mortality prediction. In 830 
EL patients from Singapore, both scores discriminated well (AUC 0.86 vs 

0.84), but NELA demonstrated superior overall performance and 

calibration (O: E 0.58 vs 0.34). (5) Additional multicenter studies and 

critiques have highlighted practical challenges of using POSSUM for 
comparative audit (missing data burden, population drift), even while 

acknowledging its enduring value for risk-adjusted audit when applied 

appropriately (4,8). 

In abdominal surgery more broadly, recent studies continue to find that 
POSSUM often overestimates both morbidity and mortality in 

moderate/high-risk patients. In contrast, P-POSSUM is usually a closer 

fit for mortality, but it may still require local recalibration (7). 

Methodologically, contemporary evaluations emphasize reporting both 
discrimination (e.g., AUC) and calibration (e.g., Hosmer–Lemeshow, 

calibration plots), as well as observed-to-expected (O: E) ratios within 

clinically relevant risk bands. 

Objective. To evaluate the performance of POSSUM (morbidity and 
mortality equations) and P-POSSUM (mortality) in patients undergoing 

midline laparotomy for 30-day risk assessment. 

Methodology  

We conducted a prospective observational study of 150 consecutive 
adults (≥18 years) undergoing midline laparotomy (elective or 

http://www.bcsrj.com/
https://doi.org/10.54112/bcsrj.v6i6.2003
https://doi.org/10.54112/bcsrj.v6i6.2003
file:///C:/Users/FAST%20TECH/Music/danish%20hashmi/driqraaziz8@gmail.com
https://doi.org/10.54112/bcsrj.v6i6.2003
https://doi.org/10.54112/bcsrj.v6i6.2003


Biol. Clin. Sci. Res. J., Volume 6(6), 2025: 2003                                                                                                   Mahjabeen et al., (2025)        

490 
 

emergency)  performed at Surgical Unit 5, Civil Hospital Karachi, 

between 1st August 2024 and 31st January 2025. Patients who had 
laparoscopic-only procedures, minor diagnostic laparotomies without 

therapeutic intent, trauma laparotomies, or missing key POSSUM 

variables were excluded. Demographic data (age, sex), urgency 

(elective/emergency), indication for surgery, American Society of 
Anesthesiologists (ASA) class, and pre-operative physiology (heart rate, 

systolic blood pressure, hemoglobin, white blood cell count, serum 

creatinine, ECG) were abstracted from charts and electronic records. 

Intra-operative variables (operative magnitude, multiple procedures, 

blood loss, peritoneal contamination, malignancy, mode of surgery) were 

recorded at the end of the procedure. 

For each patient, we calculated the POSSUM physiological score (PS) 

and operative severity score (OS) using the original 12 and 6 variable 
frameworks. Predicted risks were generated with the standard logistic 

equations: POSSUM mortality ln(R/(1−R)) = −7.04 + 0.13·PS + 0.16·OS, 

POSSUM morbidity ln(R/(1−R)) = −5.91 + 0.16·PS + 0.19·OS, and P-

POSSUM mortality ln(R/(1−R)) = −9.065 + 0.1692·PS + 0.1550·OS; 
predicted probabilities were obtained by inverse-logit transformation. 

(1,2,10) The primary outcomes were 30-day all-cause mortality and 30-

day postoperative morbidity (any complication fulfilling ≥Clavien–Dindo 

grade II). Secondary outcomes included ICU admission and postoperative 
length of stay. 

We followed patients for 30 days post-operation through in-hospital 

surveillance and phone reviews as needed. Data quality checks were 

performed before analysis; continuous variables were summarized as 
mean ± SD, and categorical variables were summarized as frequency 

(percentage). We assessed discrimination using ROC curves (AUC) and 

calibration using calibration plots, Hosmer–Lemeshow goodness-of-fit, 

and overall observed-to-expected (O: E) ratios with 95% CIs. 
Prespecified subgroup analyses compared elective vs emergency cases 

and ASA I–II vs ASA III–V. All analyses were performed with two-sided 

α=0.05. 

Results 

In this cohort of 150 patients, males comprised 60% (n=90) and females 

40% (n=60). The mean age was 56.58 ± 15.86 years. 

Clinically, 65% (n=97) underwent emergency surgery and 35% (n=53) 

were elective. The ASA distribution was 7% ASA I (n=11), 29% ASA II 
(n=44), 40% ASA III (n=60), 20% ASA IV (n=30), and 3% ASA V (n=5). 

Indications included bowel obstruction in 52 patients (25%), perforation 

in 30 (20%), peritonitis in 25 (17%), ischemia in 10 (7%), trauma in 10 

(7%), malignancy in 18 (12%), and other causes in 5 (3%). Sepsis was 
present in 60 patients (40%). ECG findings showed normal tracings in 

105 (70%), atrial fibrillation in 26 (17%), and ischaemic changes in 19 

(13%). A malignancy Diagnosis was recorded in 32 patients (21%). 

Laboratory and physiological means (±SD) were: hemoglobin 12.15 ± 
1.82 g/dL, WBC 11.34 ± 4.14 × 10⁹/L, creatinine 1.22 ± 0.47 mg/dL, 

systolic blood pressure 120.77 ± 18.23 mmHg, and heart rate 93.5 ± 17.8 

bpm. The mean POSSUM Physiological Score was 24.27 ± 6.33, and 

Operative Score 13.91 ± 4.81. Predicted risks averaged 20.59 ± 16.28% 
for POSSUM mortality, 61.05 ± 24.59% for POSSUM morbidity, and 

9.76 ± 10.63% for P-POSSUM mortality. 

Outcomes showed ICU admission in 48 patients (32%), 30-day 

complications in 82 (55%), and 30-day mortality in 13 (9%). Mean length 
of stay was 14.56 ± 9.1 days. 

Observed-to-expected (O: E) performance overall indicated a tendency 

toward over-prediction (O: E < 1) for two of the three models: for 
mortality, P-POSSUM observed 13 deaths versus 14.64 expected (O: E = 

0.888; 95% CI 0.473–1.518), and POSSUM observed 13 versus 30.89 

expected (O: E = 0.421; 95% CI 0.224–0.720). For morbidity, POSSUM 

observed 82 complications versus 91.57 expected (O: E = 0.895; 95% CI 
0.712–1.112). 

Stratified by urgency, elective cases (Emergency = 0) showed P-

POSSUM mortality O: E = 1.405 (4 observed vs 2.85 expected; 95% CI 
0.383–3.599), suggesting under-prediction in this subgroup, whereas 

emergency cases (Emergency = 1) had O: E = 0.763 (9 vs 11.8; 95% CI 

0.349–1.448), consistent with over-prediction. For morbidity, elective 

cases had an O: E ratio of 0.968 (25 vs 25.83; 95% CI 0.626–1.428), and 
emergency cases had an O: E ratio of 0.867 (57 vs 65.73; 95% CI 0.657–

1.123), both close to—but below—unity. 

By ASA, lower-risk patients (ASA high = 0; I–II) had P-POSSUM 

mortality O: E = 1.004 (5 vs 4.98; 95% CI 0.326–2.344) and morbidity 

O: E = 0.904 (28 vs 30.96; 95% CI 0.601–1.307), while higher-risk 

patients (ASA high = 1; III–V) had mortality O: E = 0.828 (8 vs 9.67; 

95% CI 0.357–1.631) and morbidity O: E = 0.891 (54 vs 60.61; 95% CI 

0.669–1.162). Overall, these patterns suggest that calibration varies by 
risk stratum and urgency, with modest over-prediction in the aggregate 

and near-unity O: E in several clinically relevant subgroups. 

This plot compares how well the two mortality models separate patients 

who died within 30 days from those who survived. The P-POSSUM curve 
sat modestly above the diagonal, giving AUC = 0.652 (95% CI 0.484–

0.820), while POSSUM-mortality was similar at AUC = 0.629 (95% CI 

0.460–0.798). In practical terms, both models showed moderate 

discrimination—better than chance, but with clear room to improve if you 
need high-confidence individual risk stratification. The two curves were 

close, so on this dataset, P-POSSUM did not dramatically outperform the 

original POSSUM mortality equation. 

The morbidity ROC curve demonstrates the model's ability to distinguish 
patients with any postoperative complication by day 30. The curve 

tracked further from the diagonal than the mortality curves, yielding AUC 

= 0.704 (95% CI 0.622–0.786)—acceptable discrimination for clinical 

audit and cohort-level planning. You would expect better separation at 
higher thresholds (e.g., to "rule in" high-risk), but it is still imperfect for 

individual prediction. 

This Figure contrasts the mean predicted risk with the observed event rate 

within ten equal-sized risk groups. Overall, the model over-predicted 
deaths (Observed: Expected O: E = 0.89, 13 observed vs 14.64 expected), 

and the Hosmer–Lemeshow test indicated miscalibration (χ² = 21.74, df 

= 8, p = 0.005). The shape is informative: in the lowest-risk decile, the 

observed rate exceeded the mean predicted by about +5.5 percentage 
points, while in the highest-risk decile, the model overshot observed risk 

by –8.7 percentage points. This "under at the low end, over at the high 

end" pattern suggests the predictions are too extreme (a calibration-slope 

issue), i.e., risks may need recalibration (shrinkage) for this population. 
The morbidity calibration told a similar story. Overall, there were fewer 

complications than expected (O: E ≈ 0.90, 82 observed vs 91.57 

expected), and the Hosmer–Lemeshow statistic again flagged 

miscalibration (χ² = 28.51, df = 8, p < 0.001). Decile-wise, the model 

under-estimated risk in the lowest-risk group by roughly +9.4 percentage 

points and over-estimated in the highest-risk group by –14.6 percentage 

points. This mirrors the mortality pattern and implies the model would 

benefit from local recalibration (adjusting intercept/slope) before being 

used for individual clinical decisions, while remaining serviceable for 

risk-adjusted audit with appropriate caveats. 

Table 1: Demographic variables 

Variable Frequency (%) 

Gender 

Male 90 (60%) 

Female 60 (40%) 

Age (years) 56.58±15.86 
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Table 2: Clinical variables 

Variable Frequency  and Mean 

Urgency  

Elective 53 (35%) 

Emergency 97 (65%) 

ASA  

1 11 (7%) 

2 44 (29%) 

3 60 (40%) 

4 30 (20%) 

5 5 (3%) 

Indications 

Bowel obstruction 52 (25%) 

Ischemia 10 (7%) 

Malignancy 18 (12%) 

Other 5 (3%) 

Perforation 30 (20%) 

Peritonitis 25 (17%) 

Trauma 10 (7%) 

Sepsis 60 (40%) 

ECG  

Atrial fibrillation 26 (17%) 

Ischaemic changes 19 (13%) 

Normal 105 (70%) 

Malignancy 32 (21%) 

Hb (g/dL) 12.15±1.82 

Wbc (10e9/L) 11.34±4.14 

Creatinine (mg/dL) 1.22±0.47 

Systolic bp (mmHg) 120.77±18.23 

Heart rate (bpm) 93.5±17.8 

POSSUM Physiological Score 24.27±6.33 

POSSUM Operative Score 13.91±4.81 

PredMort POSSUM 20.59±16.28 

PredMorb POSSUM 61.05±24.59 

PredMort PPOSsum 9.76±10.63 

Table 3: Output Variables 

Variable Frequency and mean 

ICU admission 48 (32%) 

Complication 30d 82 (55%) 

Death 30d 13 (9%) 

Length of stay (days) 14.56±9.1 

Table 4: Observed to expected (O: E) overall 

Model/Outcome Observed events Expected events O: E ratio 95% CI lower 95% CI upper 

Mortality (P-POSSUM) 13 14.64 0.888 0.473 1.518 

Mortality (POSSUM) 13 30.89 0.421 0.224 0.72 

Morbidity (POSSUM) 82 91.57 0.895 0.712 1.112 

Table 5: OE by urgency 

Subgroup Model/Outcome Observed events Expected events O: E ratio 95% CI lower 95% CI upper 

Emergency=0 Mortality (P-POSSUM) 4 2.85 1.405 0.383 3.599 

Emergency=1 Mortality (P-POSSUM) 9 11.8 0.763 0.349 1.448 

Emergency=0 Morbidity (POSSUM) 25 25.83 0.968 0.626 1.428 

Emergency=1 Morbidity (POSSUM) 57 65.73 0.867 0.657 1.123 

Table 6: OE by ASA 

Subgroup Model/Outcome Observed events Expected events O: E 

ratio 

95% CI lower 95% CI upper 

ASA high=0 Mortality (P-POSSUM) 5 4.98 1.004 0.326 2.344 

ASA high=1 Mortality (P-POSSUM) 8 9.67 0.828 0.357 1.631 
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ASA high=0 Morbidity (POSSUM) 28 30.96 0.904 0.601 1.307 

ASA high=1 Morbidity (POSSUM) 54 60.61 0.891 0.669 1.162 

 

 

Figure 1 – ROC (30-day mortality, P-POSSUM vs POSSUM).                    Figure 2 – ROC (30-day morbidity, POSSUM). 

Figure 3 – Calibration by deciles (30-day mortality, P-POSSUM).                   Figure 4 – Calibration by deciles (30-day morbidity, POSSUM). 

 

 
.

Discussion 

 
In this cohort, POSSUM/P-POSSUM showed moderate discrimination 

(mortality AUC ~0.63–0.65; morbidity AUC ~0.70) with systematic 

over-prediction overall (O: E <1) and calibration drift at the extremes of 

risk. This pattern—reasonable rank-ordering but imperfect calibration—
aligns with external reports across general and abdominal surgery, where 

original equations often overestimate risk outside their derivation context 

and benefit from local recalibration or specialty-specific variants (16,17). 

The development of CR-POSSUM exemplifies this response to 
miscalibration in colorectal populations, where a domain-specific model 

yielded a better fit (11, 19). 

Our mortality AUCs were lower than several series reporting stronger 

discrimination for P-POSSUM (often ≥0.80), underscoring how case-
mix, endpoint definitions, and data completeness can depress 

performance in heterogeneous or smaller samples (15,17,20). A 

systematic review similarly highlighted recurrent over-prediction and 

variable calibration of POSSUM family models across subspecialties, 
advocating recalibration rather than abandonment (16). 

The decile calibration curves here (under-prediction at the low end, over-

prediction at the high end) suggest a calibration slope <1, a signal of 

coefficient over-fitting to other populations or temporal shifts in baseline 
risk. Comparable decile-based miscalibration for POSSUM/P-POSSUM 

has been documented in external validations from general-surgery 

cohorts, with O: E for morbidity commonly ~0.88–0.95 and frequent 

Hosmer–Lemeshow significance (15,17). 

Subgroup analyses provide clinical context. Elective cases showed under-

prediction of mortality (O: E >1) while emergency cases showed over-
prediction (O: E <1). Prior work indicates that emergency-specific models 

calibrate better within that stratum, and adopting context-specific models 

improves fit. In emergency laparotomy, the NELA risk model achieved 

good discrimination with better calibration for provider-level audit. The 
multiple comparisons report shows that NELA matches or outperforms P-

POSSUM for 30-day mortality. However, some cohorts still observe 

under-estimation—emphasizing the need for local checks (12–14,18). 

Practically, our findings support two steps when these tools inform 
decisions or benchmarking: (1) simple local recalibration (adjusted 

intercept/slope) to align predicted with observed risks; (2) use of domain-

specific or contemporary models (e.g., CR-POSSUM for colorectal, 

NELA for emergency laparotomy) when case-mix is concentrated in 
those areas (11,12,16). Finally, our single-center scope, modest sample 

size (event rate 9%), and potential measurement variability widen 

confidence intervals and increase hazard ratio sensitivity—everyday 

realities in surgical audit that reinforce periodic model updating and 
prospective validation within institutions (16). 

Conclusion 

POSSUM and P-POSSUM demonstrated moderate discrimination but 

systematically over-predicted risk, with miscalibration most evident at 
low and high risk deciles. Subgroup patterns (elective vs emergency; ASA 

strata) showed variable fit, underscoring the influence of case-mix on 

model performance. These tools remain useful for risk-adjusted audit, but 
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individual clinical decisions should be cautious without local 

recalibration. We recommend intercept/slope recalibration and, where 
applicable, adoption of context-specific models (e.g., NELA or CR-

POSSUM) to improve accuracy. 
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