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Background: The Physiogical and Operative Severity Score for the enUmeration of Mortality and

morbidity (POSSUM) has been used to produce a numerical estimate of expected mortality and

morbidity after a variety of general surgical procedures. The aim of this study was to evaluate the ability

of POSSUM to predict mortality and morbidity in patients undergoing oesophagectomy.

Methods POSSUM predictor equations for morbidity and mortality were applied retrospectively to

204 patients who had undergone oesophagectomy for cancer. Observed morbidity and mortality rates

were compared with rates predicted by POSSUM using the Hosmer±Lemeshow goodness-of-®t test.

Evaluation of the discriminative capability of POSSUM predictor equations was performed using

receiver±operator characteristic (ROC) curve analysis.

Results: The observed and predicted mortality rates were 12´7 and 19´1 per cent respectively, and the

respective morbidity rates were 53´4 and 62´3 per cent. However, the POSSUM model showed a poor ®t

with the data both for the observed 30-day mortality (c2 = 16´26, P = 0´002) and morbidity (c2 = 63´14,

P < 0´001) using the Hosmer±Lemeshow test. ROC curve analysis revealed that POSSUM had poor

predictive accuracy both for mortality (area under curve 0´62) and morbidity (area under curve 0´55).

Conclusion These data suggest that POSSUM does not accurately predict mortality and morbidity in

patients undergoing oesophagectomy and must be modi®ed.
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Introduction

Morbidity and mortality rates are crude outcome measures.
Risk-adjusted models, taking into account variations in case
mix, reveal more about the quality of care1±5. Acute
Physiology And Chronic Health Evaluation (APACHE) II
has found wide application in intensive care patients2 and,
although it produces a numerical estimate of mortality, it
ignores morbidity rates and does not take into consideration
the severity of the surgical insult. The Physiological and
Operative Severity Score for the enUmeration of Mortality
and morbidity (POSSUM) is a risk prediction model based
on 12 characteristics of the patient and six characteristics of
the operation5. It is superior to APACHE II for the
prediction of postoperative death in patients undergoing
surgery in a high-dependency unit6. POSSUM has been
used to make comparisons between different vascular7,8 and
colorectal9 surgical units, and to compare individual
surgeons' performance within a single unit10,11. However,
POSSUM was developed for quality assessment in general
surgical units and it would not be appropriate to use this

model for speci®c subgroups of patients unless good model
performance within those subgroups could be demon-
strated. This is the ®rst study to assess the accuracy of
POSSUM in predicting mortality and morbidity in patients
with oesophageal cancer undergoing resection.

Patients and methods

Between January 1990 and December 1999, 213 patients
with oesophageal cancer underwent resection at The
General In®rmary at Leeds. Selection of patients for
surgery was based on surgeons' `end of the bed' assessment,
supported by pulmonary function tests, arterial blood gas
measurement, electrocardiography and, more recently,
echocardiography. Ninety-two per cent of operations
were performed by four consultants with a special interest
in upper gastrointestinal surgery. Nine patients were
excluded from the study owing to incomplete data despite
extensive tracking of case notes. The remaining 204 patients
were scored retrospectively using POSSUM, and the
predicted risk of morbidity and death was calculated for
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each patient according to the following previously
described logistic regression equations5:

loge[R1/(1 ± R1)] = ± 5´91 + (0´16 3 physiological
score) + (0´19 3 operative
severity score)

where R1 = risk of morbidity;

loge[R2/(1 ± R2)] = ± 7´04 + (0´13 3 physiological
score) + (0´16 3 operative
severity score)

where R2 = risk of death.

The de®nitions and classi®cation of morbidity have been
described previously5 and mortality was determined at
30 days.

Statistical analysis

The performance of POSSUM in predicting mortality and
morbidity was analysed by measures of calibration and
discrimination12. Model calibration was assessed using the
Hosmer±Lemeshow goodness-of-®t test and the corres-
ponding calibration curves13. The patients were divided
into risk groups on the basis of their predicted mortality and
morbidity. The observed and predicted numbers of patients
who experienced the event (death or complication) and
those who did not were determined for each risk group.
Summing the probabilities of mortality or morbidity for all
patients in a risk group produced the predicted number of
deaths or complications in that risk group. The discrepan-
cies between the observed and predicted outcomes in these
groups were tested using the c2 goodness-of-®t test. In this
test P > 0´05 indicates that the model is performing well.

Model discrimination was assessed using the area under
the receiver±operator characteristic (ROC) curve (AUC)14

to evaluate how well the model distinguished patients who
experienced the event (death or complication) from those

who did not. This statistic represents the concordance
between predicted probabilities and observed outcomes for
all possible pairs of patients with different outcome status.
The AUC is used as an index of model discrimination; it
ranges from 0´5 for chance performance to 1´0 for perfect
prediction. In all analyses, con®dence intervals were chosen
at 95 per cent and P < 0´05 was considered signi®cant.

Results

Two hundred and four patients were scored; 146 (71´6 per
cent) were men and the median age was 66 (range 29±
89) years. More than three-quarters of patients underwent
an Ivor±Lewis oesophagectomy; the remainder had a
transhiatal or McKeown oesophagectomy. One-quarter of
patients developed respiratory infection, 8 per cent had a
wound infection, 3 per cent suffered a myocardial infarct
and 1 per cent a pulmonary embolus. Gastrogra®n
(Schering Health Care, Burgess Hill, UK) swallow was
routinely performed on the seventh day after operation; an
anastomotic leak was detected in less than 10 per cent. The
median physiological score assigned by POSSUM was 16
(range 12±33) and the median operative severity score was
19 (range 14±34).

Validation of the POSSUM mortality equation

Twenty-six patients (12´7 per cent) died within 30 days
following operation compared with a predictive value of 39
(19´1 per cent), giving a standardized mortality ratio of 0´66
(95 per cent con®dence interval (c.i.) 0´43 to 0´97).
However, the Hosmer±Lemeshow goodness-of-®t test
indicated that the POSSUM mortality equation had a
signi®cant lack of ®t with the data (c2 = 16´26, 4 d.f.,
P = 0´002) (Table 1). The calibration curve for the
POSSUM mortality equation applied to the data showed
a discrepancy between actual and predicted mortality rates,

Table 1 Hosmer±Lemeshow goodness-of-®t test for the POSSUM mortality equation

Predicted risk

of death (%) No. of patients

No. of survivors No. of deaths

Observed Predicted Observed Predicted

> 0 to < 10 56 53 51 3 5

> 10 to < 20 83 70 71 13 12

> 20 to < 30 33 28 25 5 8

> 30 to < 40 14 11 9 3 5

> 40 to < 50 9 8 5 1 4

> 50 to < 100 9 8 4 1 5

> 0 to < 100 204 178 165 26 39

POSSUM, Physiological and Operative Severity Score for the enUmeration of Mortality and morbidity. c2 = 16´26, 4 d.f., P = 0´002
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especially in the moderate- and high-risk groups (Fig. 1).
ROC curve analysis revealed that POSSUM had a poor
discriminatory capability for death with a ROC curve close
to the diagonal line of chance (AUC = 0´62 (95 per cent c.i.
0´52 to 0´71)) (Fig. 2).

Validation of the POSSUM morbidity equation

Postoperative complications developed in 109 patients
(53´4 per cent) compared with a predictive value of 127

(62´3 per cent), giving a standardized morbidity ratio of 0´86
(95 per cent c.i. 0´70 to 1´03). The Hosmer±Lemeshow
goodness-of-®t test indicated that the POSSUM morbidity
equation did not ®t the data well (c2 = 63´14, 6 d.f.,
P < 0´001) (Table 2). The calibration curve showed a
discrepancy between the actual and predicted morbidity
rates (Fig. 3). ROC curve analysis revealed that POSSUM
had poor discriminatory power for morbidity (AUC = 0´55
(95 per cent c.i. 0´47 to 0´63)) (Fig. 4).
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Fig. 1 Calibration curve for surgical mortality. The curve
represents the proportion of patients dying within 30 days
following operation according to their predicted risk of death
estimated by the Physiological and Operative Severity Score for
the enUmeration of Mortality and morbidity (POSSUM)
mortality equation. The dashed diagonal line represents the
perfect predictive ability when observed and predicted mortality
are equal
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Fig. 2 Receiver±operator characteristic curve for mortality. The
diagonal line represents predictive accuracy no better than
chance. Area under the curve 0´62 (95 per cent con®dence
interval 0´52 to 0´71)

Table 2 Hosmer±Lemeshow goodness-of-®t test for the POSSUM morbidity equation

Predicted risk

of morbidity (%) No. of patients

No. of survivors No. of deaths

Observed Predicted Observed Predicted

> 0 to < 30 4 3 3 1 1

> 30 to < 40 26 11 17 15 9

> 40 to < 50 26 14 14 12 12

> 50 to < 60 47 28 21 19 26

> 60 to < 70 33 11 11 22 22

> 70 to < 80 28 12 7 16 21

> 80 to < 90 24 9 3 15 21

> 90 to < 100 16 7 1 9 15

> 0 to < 100 204 95 77 109 127

POSSUM, Physiological and Operative Severity Score for the enUmeration of Mortality and morbidity. c2 = 63´14, 6 d.f., P < 0´001
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Comparison of patients who died within 30 days
with survivors

To investigate whether factors other than those recorded by
POSSUM were signi®cant in determining outcome,
patients who died within 30 days of surgery were compared

with those who survived longer. There were no signi®cant
differences in sex, tumour type, site and stage, type and
completeness of resection, and use of neoadjuvant treat-
ment between the two groups. Interestingly, there were no
signi®cant differences in POSSUM score for patients who
died compared with survivors (Table 3).

Discussion

Before introduction to clinical practice, risk prediction
models must be validated in a patient population indepen-
dent from the population in which they were generated.
Application of a model to a population with a different case

80

<100

100

0

Predicted risk of morbidity (%)

N
o.

 o
f p

at
ie

nt
s 

in
 e

ac
h 

ris
k 

gr
ou

p

50

<50

80

70

60

40

30

20

10

<60 <70 <80 <90<10 <20 <30 <40

90

M
or

bi
di

ty
 r

at
e 

(%
)

100

0

50

70

60

40

30

20

10

90

Fig. 3 Calibration curve for surgical morbidity. The curve
represents the proportion of patients with complications
following operation according to their predicted risk of
morbidity estimated by the Physiological and Operative Severity
Score for the enUmeration of Mortality and morbidity
(POSSUM) morbidity equation. The dashed diagonal line
represents the perfect predictive ability when observed and
predicted morbidity are equal
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Fig. 4 Receiver±operator characteristic curve for morbidity. The
diagonal line represents predictive accuracy no better than
chance. Area under the curve 0´55 (95 per cent con®dence
interval 0´47 to 0´63)

Table 3 Comparison of patients who died within 30 days and
survivors

Patients who died*

(n = 26)

Survivors

(n = 178)

Sex

Male 19 (73´1) 127 (71´3)

Female 7 (26´9) 51 (28´7)

Tumour site

Upper third 0 (0) 1 (0´6)

Middle third 7 (26´9) 38 (21´3)

Lower third 19 (73´1) 139 (78´1)

Histological type

Adenocarcinoma 18 (69´2) 138 (77´5)

Squamous cell 8 (30´8) 37 (20´8)

Mixed 0 (0) 2 (1´1)

Oat cell 0 (0) 1 (0´6)

UICC stage

I 3 (11´5) 25 (14´0)

IIA 8 (30´8) 39 (21´9)

IIB 3 (11´5) 18 (10´1)

III 9 (34´6) 67 (37´6)

IV 3 (11´5) 29 (16´3)

R category

R0 14 (53´8) 85 (47´8)

R1 10 (38´5) 72 (40´4)

R2 2 (7´7) 21 (11´8)

Type of operation

Ivor±Lewis 20 (76´9) 138 (77´5)

Transhiatal 0 (0) 9 (5´1)

McKeown 2 (7´7) 5 (2´8)

Thorascopically assisted 3 (11´5) 19 (10´7)

Left thoracoabdominal 1 (3´8) 7 (3´9)

Neoadjuvant treatment 4 (15´4) 35 (19´7)

POSSUM

Mean (range) predicted

mortality risk (%)

20´9 (9´2±52´1) 19´1 (4´3±72´2)

Mean (range) predicted

morbidity risk (%)

69´2 (42´7±94´1) 61´4 (21´0±97´6)

Values in parentheses are percentages unless otherwise indicated.

*Within 30 days. UICC, Union Internacional Contra la Cancrum;

POSSUM, Physiological and Operative Severity Score for the

enUmeration of Mortality and morbidity. There were no signi®cant

differences between the two groups
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mix from the sample from which the model was derived may
produce misleading outcome predictions15. Model valida-
tion should be performed using measures of calibration and
discrimination12, as these are complementary and provide
different information about model performance16. This is
the ®rst study to evaluate POSSUM in estimating mortality
and morbidity using measures of both calibration and
discrimination.

Calibration evaluates the degree of correspondence
between the estimated probabilities of mortality and
morbidity produced by the model and the actual experience
of patients in various risk strata12. Using the Hosmer±
Lemeshow test13, POSSUM showed a poor ®t with the data
for both mortality and morbidity. Across the risk categories
POSSUM performed relatively well in low-risk groups of
patients and overpredicted the number of deaths and
complications in high-risk groups. Overall, POSSUM
overpredicted mortality and morbidity rates in patients
with oesophageal cancer undergoing resection.

Model discrimination evaluates the ability of the model to
distinguish patients who will experience the event of interest
(death or complication) from those who will not12. ROC
curve analysis revealed that POSSUM had poor discrimi-
native capability for both mortality and morbidity in
patients undergoing oesophagectomy for cancer.

The published literature on POSSUM has focused on
the use of the model as a tool for comparative surgical
audit7±11,17,18, and few independent studies have attempted
validation of POSSUM. In general surgery the Hosmer±
Lemeshow test revealed that POSSUM overpredicted
overall risk of death, performing worst among low-risk
general surgical patients19,20. In an attempt to improve the
predictive ability of the POSSUM mortality equation the
authors proposed a simple adjustment of the model using
the same variables in a different formula (Portsmouth
POSSUM). In vascular surgery a `linear' type of analysis
found that POSSUM predicted morbidity well but sig-
ni®cantly overpredicted mortality21. Although none of
these studies validated its chosen model by measures of
both calibration and discrimination, they agree with this
study that POSSUM overpredicts death.

The original paper describing POSSUM evaluated its
overall performance in the general surgical population
without reporting the uniformity of ®t of the model across
the various surgical subspecialties5. The poor performance
of POSSUM in this study may be a re¯ection that the model
was originally based on a general surgical population that
contained few if any patients undergoing oesophagectomy,
and the score assigned to oesophagectomy may be too high.
Amendment of the operative severity score may increase the
predictive value of POSSUM but a larger data set is required
for this. With respect to the physiological score of patients

undergoing oesophagectomy, POSSUM does not include
variables such as arterial blood gases, pulmonary function
tests and echocardiography. The introduction of these
variables into the physiological equation may improve its
predictive value.

POSSUM cannot be used to audit oesophagectomy for
cancer because of overprediction of mortality and morbid-
ity. To develop new equations for patients with oesophageal
cancer undergoing resection, a national database of
oesophageal resections is required, with physiological
scores potentially including arterial blood gases, pulmonary
function tests and echocardiography. Logistic regression
analysis would determine a POSSUM model for patients
with oesophageal cancer undergoing oesophagectomy and
this model must be validated in an independent population
by measures of both calibration and discrimination.

To describe surgical mortality and morbidity in a
meaningful way, it is essential that an accurate method of
comparing mortality and morbidity rates following oeso-
phagectomy is developed as soon as possible.
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