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Abstract

Background: There are different preoperative scoring systems which aim to classify 
the patient’s risk before the surgery and decide the best treatment option for a specific patient. 
P-PoSSuM score has been used in clinical practice for few years. The objective of this study was 
to find out whether there is any difference between predicted mortality from P-POSSUM score and 
observed mortality in Saudi patients.

Methods: This was a prospective observational study conducted at Security forces Hospital, 
riyadh, Kingdom of Saudi Arabia between July 2019 to November 2019. We included patients 
undergoing non-elective surgical procedures at Security forces Hospital, riyadh. We calculated 
P-PoSSuM score for all included patients. We then collected the data for 30 days mortality for 
all patients having non-elective surgical procedures. We calculated observed to expected mortality 
ratio. P-value less than 0.05 was considered significant.

Results: Mean P-PoSSuM mortality risk score (%) for whole sample was 5.56. Expected 
number of mortalities was 19.85 while observed mortalities were 9, yielding an o/E ratio of 0.45 
(p-value .005). With respect to ASA class, we did not find a significant difference between expected 
and observed mortality except for ASA class 4 where expected number was higher than observed 
(p-value .005).

Conclusion: P-PoSSuM score can reliably predict 30 days mortality in postoperative period 
although it overestimates risk in high risk patients (more than 20 % P-PoSSuM mortality or ASA 
4 patients).
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Introduction

clinical judgement alone is not a reliable predictor of adverse outcome after surgery.1 There 
have been many preoperative risk 2 assessment tools developed to help in identifiying high risk 
patients that complement investigations like cardiopulmonary exercise testing 3,4 and biomarker 
assays.5 Exercise testing facilities are not available routinely 6 and are also inappropriate in urgent 
or emergency surgical patients. Some of these risk assessment tools or scoring systems include the 
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Surgical Apgar Score,7 APAcHE ii,8 ASA,9 PoSSuM10 
and P-PoSSuM.11 The PoSSuM 10 and P-PoSSuM 
11 scores remain the most studied and most validated 
across specialities and patient populations. The main 
goal of these scoring systems is to classify the patient’s 
risk before the surgery and decide the best treatment 
option for a specific patient. 10-12

PoSSuM score was used in studies by Whiteley 
and colleagues 13 and copeland and colleagues 11 to 
predict mortality and morbidity. However, Prytherch 
and colleagues 12 reported over-prediction of mortality 
by PoSSuM more than twofold. Even though, both 
PoSSuM and P-PoSSuM scores are based on objective 
criteria, they vary across populations and healthcare 
systems and therefore can not be immediately valid 
across the countries. variations in mortality scores 
have been demonstrated by comparative studies in 
different geographical regions. 14,15 in fact, guerrero 
and colleagues 16 demonstrated a fourfold difference 
in mortality in major surgical procedures in uK and 
uS patients. in another study conducted in Malayasia, 
P-PoSSuM scoring was found applicable for risk 
adjusted patients. 14 The aim of this study is to find 
out whether there is any difference between predicted 
mortality from P-PoSSuM score and actual observed 
mortality in Saudi population undergoing non-elective 
surgery.

Methods

institutional ethical review committee approval 
(registration number: H-01-r-069) was taken for 
this prospective observational study. Patient consent 
was not required for this study. firstly, we collected 
data for patients undergoing non-elective surgery over 
a period between July 2019 to November 2019 at 
Security forces Hospital, riyadh, Kingdom of Saudi 
Arabia. Paediatric (aged under 18 years) patients 
were excluded from this study. P-PoSSuM was 
calculated for all eligible patients. PoSSuM scoring 
system incorporates a physiological score (PS) with 
12 preoperative variables ranging score from 12 to 88 
and an operative score (oS) that includes 6 variables 
ranging score between 6 and 48 10. PoSSuM score 
resulted in over-prediction of mortality by factor more 
than 2. Therefore, a modified version was designed 

which is called Portsmouth PoSSuM (P-PoSSuM). 
This modification used methods to obtain logistic 
regression equation for predicting mortality.11,12 All 
the preoperative and operative variables which were 
required to calculate P-PoSSuM score were entered 
into P-PoSSuM online calculator and the predicted 
mortality was documented in anaesthesia chart of 
individual patient.

Actual mortality data was collected from hospital 
monthly mortality reports. Patients outcome was also 
followed using our online patient database system. if 
the patient progress and outcome could not be accessed 
by online system, we contacted patients/relatives via 
telephone provided in medical record.

data was entered in Microsoft Excel and analyzed 
using SPSS version 21.0. descriptive analysis was 
carried out. Mean with standard deviations and 
frequencies were calculated for continuous and 
categorical variables respectively.

P-PoSSuM score for mortality of all the 
participants was calculated using the scoring system. 
Expected number of mortalities was calculated by 
multiplying mean risk score of each group with number 
of patients in that group. observed to expected number 
of mortalities ratio was calculated. Binomial test was 
applied to assess the difference between expected and 
observed number of mortalities. P-value less than 0.05 
was considered significant.

Results

A total of 357 patients who underwent emergency 
surgical procedures were included in the study. Mean 
age of the participants was 42.0 ±19.0 years and 69.5% 
(248) were male. The majority of the patients were ASA 
class ii (51.8%), followed by class i (22.7%). class 
iii and iv were 17.9% and 7.6% respectively. Most 
of the patients were recruited from general surgery 
(41.5%) followed by urology (20.4%) and orthopedics 
(16.2%). other specialties were vascular surgery 
(7.0%), gynecology (4.8%), plastic surgery (4.2%), 
neurosurgery (3.9%) and otolaryngology (2.0%).

Mean P-PoSSuM mortality risk score for whole 
sample was 5.56%. Expected number of mortalities 
was 19.85 while observed mortalities were 9, yielding 
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an o/E ratio of 0.45 (p=0.005). There were no 
significant differences in the expected and observed 
mortalities in P-POSSOM categories I-III; however 
expected mortalities were significantly higher than 
observed mortalities in risk category iv (Table 1).

With respect to ASA class, we did not find 
significant differences between expected and 
observed mortalities except for ASA class 4 where 
expected number was higher than observed number 
of mortalities (p=0.005). There was a significantly 
higher number of expected mortalities than observed 
mortalities in surgeries of more than one hour duration. 

For laparotomy, there was no significant difference in 
the expected and observed number of mortalities (Table 
2). However, P-PoSSuM overestimated the expected 
mortalities as indicated by o/E ratio 0.45 (Table 2).

The predictability of P-PoSSuM mortality scores 
with respect to surgical specialties were evaluated and 
indicated no significances difference in the observed 
and expected number of mortalities (Table 3).

Discussion
The perfect risk scoring system needs to be 

simple, reporducible, objective and applicable to all 

Table 1 
Risk category specific comparison of expected and observed mortality by P-POSSUM

Risk category of 
P-POSSUM score

Number of 
patients

Mean Risk 
score±SD

Mean Risk 
score (%)

Expected 
number of 
mortalities

Observed 
number of 
mortalities

O/E 
ratio

p-value

i: up to 5 % 312 0.009 ± 0.007 0.92 2.87 1 0.35 0.218

ii: 5.1-10.0 % 8 0.075± 0.01 7.54 0.60 0 0 0.534

iii: 10.1 – 20.0 % 6 0.130.032± 13.20 0.79 1 1.26 0.572

iv: More than 20 % 31 0.50± 0.23 50.30 15.59 7 0.45 <0.001

overall 357 0.0550.15± 5.56 19.85 9 0.45 0.005

Table 2 
Comparison of expected and observed mortalities with respect to ASA class, duration of surgery and laparotomy

ASA class Number of 
patients

Mean Risk 
score±SD

Mean Risk 
score (%)

Expected 
number of 
mortalities

Observed number 
of mortalities

O/E ratio p-value

1 81 0.007±0.005 0.79 0.64 0 0 0.526

2 185 0.01±.022 1.00 1.85 0 0 0.831

3 64 0.067±0.11 6.7 4.29 3 0.70 0.371

4 27 0.483±0.282 48.39 13.06 6 0.46 0.005

duration of surgery

up to 1 hour 194 0.034±0.114 3.48 6.75 3 0.44 0.092

More than 1 hour 163 0.08±0.189 8.05 13.12 6 0.46 0.020

laparotomy

13 0.34±.40 34.17 4.44 2 0.45 0.070
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surgical patients. ASA scoring system is the most 
widely used preoperative assessment tool because of 
simplicity and easy applicability.9 However, it does 
not account for peripoperative adverse events or 
complications and anesthesia or surgical management 
of patients. ASA score has usually been questioned due 
to its subjectivity and inability to accurately predict 
mortality on individual basis.17 Allan and colleagues 18 
in their study demostrated that ASA score of 3 or more 
significantly predicted mortality which is in accordance 
with a study by chu and colleagues.19 Although overall 
mortality appears to be higher than observed for major 
surgeries.20

P-PoSSuM and PoSSuM scoring systems 
use similar physiological and operative variables but 
PoSSuM uses exponential analysis while P-PoSSuM 
uses linear analysis.11 Khan and colleagues 21 reported 
an observed mortality of 4 % versus a predicted 
PoSSuM mortality of 26 % and P-PoSSuM mortality 
of 6 % in patients undergoing pancreatoduodenectomy. 
Tamijmarane and colleagues 22 reported in patients 
undergoing pancreatoduodenectomy that overall 
observed mortality were 8 % which was higher than 
predicted by P-PoSSuM score.

Mohil and colleagues 23 demonstrated that 
P-PoSSuM predicted mortality well in patients who 
underwent emergency laparotomy. in our study, the 

overall observed to expected mortality ratio was 0.45 
and it was found to be statistically significant despite 
that the overall P-PoSSuM mean overall did not 
reliably predict mortality. Although, the number of 
emergency laparotomy cases were lower in our study 
but P-PoSSuM predicted mortality was 4.44 against 
observed 2 deaths and hence it reliably predicted 
mortality. in another study, PoSSuM and P-PoSSuM 
over-predicted mortality in the younger age group 
(50 years) while under-predicted it in older age group 
(80 years) among colorectal surgical patients.24 in 
our study, P-PoSSuM mortality was found to be 
better predictive for ASA 1-3 group of patients but it 
overestimated the risk in ASA 4 patients or patients 
having higher risk scores (P-PoSSuM score more 
than 20 %).

P-PoSSuM have been tested and validated in 
developed world and also in some developing countries. 
in Saudi arabia, isbister and colleagues 25 did a study in 
2002 comparing the observed mortality with predicted 
mortality by PoSSuM and P-PoSSuM scores. They 
demonstrated that PoSSuM failed to predict outcomes 
accurately in patients undergoing surgery for rectal 
cancer. P-PoSSuM also overpredicted mortality but to 
a lesser extent which is not consistent with our results. 
This could be due to the fact that their study was 
done for rectal cancer patients only. The authors also 

Table 3 
Comparison of expected and observed mortalities with respect to type of surgery

Specialty
Number of 

patients
Mean Risk 
score (%)

Expected number of 
mortalities

Observed number 
of mortalities

O/E ratio p-value

Spinal surgery 14 11.23 1.57 0 0 0.189

ENT 7 30.77 2.15 1 0.46 0.313

gS 148 5.15 7.62 5 0.66 0.221

vS 25 19.28 4.82 2 0.42 0.114

urology 73 1.60 1.17 0 0 0.308

gynecology 17 1.27 0.22 0 0 0.805

orthopedics 58 3.81 2.21 1 0.45 0.346

PS 15 0.70 0.10 0 0 0.900

ENT: Ear, nose and throat, gS: general surgery, vS: vascular surgery, PS: Plastic surgery
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mentioned that their patients undergoing resections 
were younger than patients in the West. yadav and 
colleagues 26 showed that P-PoSSuM slightly over-
predicted mortality in very low risk patients but it 
was more accurate for high risk patients in indian 
population as was the case in our study. Although in our 
study, P-PoSSuM slightly under predicted mortality 
for patients having P-PoSSuM mortality between 10-
20 % (o/E ratio 1.26) while it over predicted mortality 
in patients having P-PoSSuM mortality score more 
than 20 % (o/E ratio 0.45). Allan and colleagues 18 
demonstrated in their study on Zimbabwean patients 
that observed to expected mortality ratio was 1.06 
which means near accurate mortality prediction by 
P-PoSSuM. in another study done on Malayasian 
population,27 P-PoSSuM was found to be over-
predictive for mortality with observed to predicted 
mortality ratio 0.721. in our study, although overall 
P-PoSSuM score did not reliably predict mortality, 
but the results for individual specialities indicated 

that P-PoSSuM reliably predict mortality in general 
surgery, urology and orthopaedics surgeries. it is 
difficult to comment about other specialities as the 
number of cases were smaller. Although, our sample 
size included variety of surgical specialities which 
provide good representation of our practice. Another 
limitation of the study is small number of observed 
deaths which may affect the power of study.

Conclusion

P-PoSSuM score can reliably predict mortality 
in ASA 1-3 group of patients but it overestimated 
risk in ASA 4 patients or patients having higher 
P-PoSSuM score >20 % in Saudi population. it also 
reliably predicts mortality in emergency laparotomy 
patients.
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