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has gained widespread popularity with its value tested
successfully in various centers across the globe.1-5

The POSSUM was developed by Copeland in 1991.1,2

This system uses a 12 factor physiological and 6 factor
operative score. Each factor is assigned 1,2,4 or 8 points
depending upon the severity of abnormality. The points
score for the 12 factors of physiology of the patient are
summed to get the total Physiological Score (PS). In
similar fas-hion, the operative sores (OS) is obtained
by adding the points of the variables of the operative
score. The details are given in Table I. The risk of
mortality of an individual patient is then calculated by
using the formula:

Log (R/1-R) = -7.04 + (0.13 x Physiological Score) +
(0.16 x Operative Score)
Where R is the predicted risk of mortality.

The mortality of all the patients can be calculated using
the exponential method of analysis as described by
Copeland2, elaborated in detail by Wijesinghe5.

  INTRODUCTION

Audit is an essential component of standard practice.
In surgery, the main outcome measure of audit is the
mortality rate, however, comparison of crude mortality
rates can be misleading as the risk of death varies with
the risk of the patient. For this purpose various models
have been developed for the prediction of risk adjusted
mortality rates to which the crude mortality rates could
be compared. In this context, the Physiological and
Operative Severity Scoring for the enUmeration of
Mortality and morbidity (POSSUM) scoring system
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ABSTRACT
Objective: To evaluate the validity of Physiological and Operative Severity Scoring for the enUmeration of Mortality
and morbidity (POSSUM) scoring system in surgical audit.
Design: Prospective cross-sectional study.
Setting & Duration: Surgical D Unit, Khyber Teaching Hospital, Peshawar from April 2007 to October 2007.
Methodology: Four hundred and ninety eight patients undergoing a variety of general surgical operations with age
greater than 14 years, including both males and females. The mortality rates of all the subjects included in the study
were predicted using the POSSUM scoring system which were compared to the actual number of deaths using chi
square as a test of significance.
Results: A total of 498 patients were included in the study. The total number of deaths predicted by the POSSUM
system (E) were 23 as compared to the observed number of deaths (O) i.e. 20. The O:E ratio was 0.87 suggesting
over prediction of deaths using the POSSUM but the difference was not significant (p=0.76). When the patients were
divided into different risk bands e.g. 0-4% predicted risk, 5-14% predicted risk and so on; there was no significant
difference between the predicted and observed mortality in each risk band.
Conclusion: POSSUM is an excellent audit tool for the evaluation of mortality rates in general surgical patients
when the correct method of analysis is used.
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Age (Years)
Cardiac Status

Respiratory Signs

Systolic Blood Pressure
(mm Hg)
Pulse Rate (per min)
Glasgow Coma Scale
Serum Urea (mg/dL)
Serum Sodium (mmol/L)
Serum Potassium (mmol/L)
Haemoglobin (g/dl)
White Cell count
(X1000 cell per mm3)
ECG

Table I.   Physiology and Operative Variable used in the POSSUM scoring system

Points Physiology Score
1

<60
Normal

Normal

110-129

50-80
15
<45
>136
3.5-5.0
13.0-16.0
4-10

Normal

2 84

61-70
Cardiac drugs
or steroids
Shortness of breath
on extersion,
mild COPD
130-170 or 100-109

81-100 or 40-49
12-14
45-60
131-135
3.1-3.4 or 5.1-5.3
11.5-12.9 or 16.1-17.0

11-20 or 3.1-3.9

>71
Oedema, warfarin,
borderline cardiomegaly
Shortmess of breath
on stairs, Moderate
COPD
>170 or 90-99

101-120
9-11
61-90
126-130
2.9-3.1 or 5.4-5.9
>20 or <3.1

Atrial Fibriliation
(60-90/min)

Raised JVP1

cardiomegaly2

Shortmess of
breath on rest,
any other
<90

>120 or <40
<9
>90
<126
<2.9 or >5.9
<10.0 or >18.0

Any other
abnormal rhythm

Operation Category
No. of Procedure
Operative blood loss (ml)
Peritoneal soiling
Malignancy
Timing of operation

Operative Score
1

Minor
1
<100
None
None
Elective

2 84

Intermediate
2
100-500
Serous blood (<250ml)
Primary only

Major
>2
500-1000
Local Pus
Nodal Metastasis
Emergency

Complex Major

>1000
Free bowel content
Distant Metastasis
Urgent emergency,
no resuscitation possible

1) Jugular Venous Pressure, measured on clinical examination
2) Assessed on chest radiograph

in a variety of centers.

Apart from general surgery, the POSSUM has been
used with success in specialist surgery as well. Its value
is well documented in vasculary5, orthopaedic,14, upper
gastrointestinal and colorectal surgery.11-13

The POSSUM model for prediction of mortality and
its use in surgical audit has gained widespread acceptance
initially in UK and later throughout the world including
developing countries like Malaysia6 and developed
countries like the United States17, which suggest that
the POSSUM model predicts the mortality successfully
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The data of all the patients was put in Microsoft Access
database and the mortality of each patient was calculated
by using the formula described by Copeland. For analysis
of the data, the ‘exponential’ form of analysis was used
as described by the original author of POSSUM. In this
method the patients were divided into different risk
bands on the basis that each band receives enough num-
ber of patients and deaths for statistical analysis. The
risk bands according to the predicted mortality were 0-
4.99% risk group, 5-14.99%, 15-29.99% and 30-44.9%
and 45-100% risk groups.

The analysis method was as follows according to the
exponential method of analysis. The number of patients
(n) above 45% predicted mortality was multiplied by
the lowest mortality in the group i.e. 0.45 to get the ex-
pected number of deaths in the range 45-100% risk
band. Similarly, the number of expected deaths was
calculated above the cut point 30 to get the number of
expected deaths in range 30-100%. When in the same
way, the number of expected deaths in the range 15-
100% were calculated, the number was less than, the
number of expected deaths in the range 30-100%. Here,
the calculation was started again by the method as des-
cribed by Wijesinghe et al.5 A new calculation of expec-
ted deaths was done by taking the cut point 15% with
the upper limit of the range being 30% instead of 100%.
In this way the number of deaths in the range 15-30%
calculated. Similarly the number of expected deaths in
the range 5-30% and 0-30% were calculated.

The expected number of deaths in the ranges 30-45%,
was done by subtracting the numbers in the range 45-
100% from the numbers in the 30-100% range as
calculated above. In this way all the described risk ban-
ds were calculated by subtracting the higher cut point
values from the next lower cut point values. This method
is further elaborated in Table II and III.

The objective of this study was to evaluate the validity
of POSSUM scoring system in prediction of mortality
and hence develop a comprehensive risk assessment
tool for risk adjusted audit of patients undergoing general
surgical operations in the local setup.

  METHODOLOGY

A total of 498 patients fulfilled the criteria for inclusion
into the study carried out in Surgical D ward, Khyber
Teaching Hospital, Peshawar over a 6 months period
from April 2007 to October 2007. The following groups
of patients were excluded from the study:

Patients who did not undergo any operative proce-
dure and were managed conservatively.
Patients who underwent minor procedures under
local anaesthesia and day case procedures because
of their extremely low risk and the lack of proper
follow up in these patients due to various reasons.
Patients with severe co-morbid conditions that did
not alter the physiologic scores and yet had definite
value in the possible outcome e.g. uncontrolled dia-
betes mellitus and severe malnutrition.
Patients less than 15 years of age due to their differ-
ent physiological status and operative risk from the
adult population.

For each patient physiological score was calculated be-
fore the operation while the operative scores were calcu-
lated after the operation in consultation of a senior sur-
geon. All the operative procedures were performed acc-
ording to the standard protocols by experienced surgeons
under the supervision of teaching staff consultants.

All patients were followed up for one month and death
within a month of surgery was defined as the final
outcome measure.
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45-100
30-100
15-30 1

5-30
0-30
Total

Risk of
death (%)

No. of deaths

10
22
26
94

476
498

1) The dotted line denote the restarting of the calculation

Number
of patients Predicted

4
6
4
8

14
20

Observed

5
8
4
5

15
23

Observed: Predicted
ratio (O.E)

0.80
0.75
1.00
1.60
0.93
0.87

Table II.   Exponential analysis of the predicted mortality using the POSSUM scoring system
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0-4
5-14
15-30
30-44
45-100
Total

Risk
Rang (%)

No. of Deaths

382
68
26
12
10

498

1) Calculated with the POSSUM equation, rounded to the nearest whole number
2) Values <1 indicate over prediction of mortality and vice versa for > 1
3) Calculated with the Fisher’s Exact Test Values >0.05 demote that the difference is not significant

Total No. of
patients (N)

Observed:
Expected ratio (O.E)2

0.60
4.00
1.00
0.66
0.80
0.87

Table III.   Comparison of Observed and Expected Deaths with the POSSUM equation

P-value3

0.45
0.37
1.29
1.00
1.00
0.76

Predicted (E)1

6
4
4
2
4

20

Observed (O)

10
1
4
3
5

23

The observed and expected mortality rates were com-
pared with the Fisher’s Exact test for significant differ-
ence. P value > 0.05 indicated that the difference was
not significant.

  RESULTS

Of the total 498 operations performed, 142(28.5%) were
emergency and the remaining 352(71.5%) were elective
procedures. The operations performed included gastro-
intestinal (n=205), biliary (n=80), hernia (n=63), thyroid
(n=12), urological (n=79) and miscellaneous general
surgical (n=59) procedures.

The overall mortality was 4.01% (n=20) in comparison
with the POSSUM predicted mortality 4.6% (n=23).
When the data was split in different risk bands, the risk
of death predicted by POSSUM was greater than the
actual number of deaths except in the 5-14% risk band
where the number of observed deaths was greater than
the predicted. However, this difference in any risk band
was not significant (p>0.05). The difference in the over-
all mortality was also not significant (p=0.76).

  DISCUSSION

Surgical audit with the crude mortality rates is exceed-
ingly misleading.1,2 There is need of a perfect risk adjus-
ted scoring system for this purpose which should predict
the mortality accurately, be easy to use and have similar
results reproduced in a variety of centers.1

POSSUM has proved itself a worthy scoring system
since it was pioneered by Copeland. POSSUM has been
used with success initially in the United Kingdom with
reasonable accuracy. Since than numerous studies have
validated its place in the audit in general surgery. Due

to its widespread acceptance, other surgical specialties
also started using the POSSUM model for the risk
adjusted audit. It has created a space for itself in vas-
cular5, orthopaedic14, colorectal11-13, oesophagogastric
and thoracic surgery. The results of POSSUM have
been validated throughout UK, USA and developing
countries like Malaysia, India and Pakistan.

Mortality rates among surgeons vary and it is customary
to say that a surgeon X is performing better than Y and
crude mortality rates are used as guide. The POSSUM
model has been used successfully to compare the risk
adjusted mortality rates. Sagar10 at the Royal Liverpool
University Hospital, studied the performance of four
different surgeons was studied; mortality rates and
complication rate varied considerably, but when the
risk adjusted values were compared, all the four surgeons
performed equally. In the similar fashion, the death
rates among various institutions can be compared using
this scoring system.

According to many studies, the POSSUM system over
predicts the mortality significantly especially at low
risk group patients. To overcome this, Whiteley devel-
oped another regression equation for the assessment of
mortality using the same dataset, known as the Ports-
mouth POSSUM or the P-POSSUM.4 This equation
requires a different method of analysis known as the
‘linear’ method which is easier to use. The over predic-
tion phenomenon was decreased to a great extent with
this equation. However, Wijesinghe5 in their study on
a set of patients undergoing vascular surgery showed
that both POSSUM and P-POSSUM predict the morta-
lity when the appropriate method of analysis was used
for each, the exponential method for POSSUM and the
linear method for P-POSSUM system. This article also
claims that due to misconception about the method of
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analysis of POSSUM, several authors have erred and
have wrongly given the results that showed over predic-
tion on the part of POSSUM.

The POSSUM model has its limitations which have
been described in depth. First of all, it does not include
the patients who are managed conservatively and these
patients make a considerable proportion of the patients
admitted to a surgical ward. Secondly, the record of all
the physiologic variables may not be a cost effective
option in every patient. Thirdly, while recording the
operative variables such as estimated blood loss, the
surgeon’s eye may be biased. Fourthly, the scores are
not complete until the histopathology reports are
available.

  CONCLUSION

POSSUM is an excellent and reliable risk assessment
audit tool for patients undergoing general surgical ope-
rations.
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