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Inter-operator variability in pPOSSUM

scores: a note of caution

ccurately predicting perioperative
mortality and morbidity for
patients undergoing major
surgery aids clinical decision
and perioperative
planning. Multiple risk prediction scores

making

have been validated to help stratify patients’
perioperative risk (Oliver et al, 2015).
Examples include pPOSSUM (Copeland
et al, 1991), APACHE-II (Knaus et al,
1985) and ACS NSQIP (Bilimoria et al,
2013) which are all in use and broadly
consider comorbidity, acute physiology and
anticipated surgery.

The UK National Emergency Laparotomy
Audit first published its results in 2012
(Saunders et al, 2012). It showed that
the unadjusted 30-day mortality for all
patients undergoing emergency laparotomy
was 14.9%. Among multiple service
improvement suggestions to attempt to
reduce mortality, the National Emergency
Laparotomy Audit recommended that all
patients undergoing emergency laparotomy
have a formal stratification of their
perioperative morbidity and mortality to
help plan appropriate perioperative care
(Saunders et al, 2012).

The Physiological and Operative Severity
Score for the enumeration of Mortality
and morbidity (POSSUM) score was
first described in 1991 (Copeland et al,
1991) and was subsequently modified in
Portsmouth (pPOSSUM) to correct for an
over-estimation in mortality, particularly
in low-risk patients (Whiteley et al, 1996;
Prytherch et al, 1998). The National
Emergency Laparotomy Audit adopted
the pPOSSUM score, although a National
Emergency Laparotomy Audit risk predictor
is currently under development.

The National Emergency Laparotomy
Audit became a mandatory National Quality
Improvement Project audit for all patients
undergoing emergency laparotomy from
2012 (National Emergency Laparotomy
Audit, 2015; Healthcare Quality
Improvement Partnership, 2019). As
such, all patients planned for emergency
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Purpose: Predicting perioperative morbidity and mortality can be achieved by several risk
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patients undergoing emergency laparotomy, uses pPOSSUM as its risk prediction tool. However,
there is no literature reporting the inter-operator variability in calculating the score. Inter-rater
variability was assessed based on 10 real general surgical cases that went on to have an

emergency laparotomy.

Methods: Forty clinicians, 10 each of registrars and consultants in anaesthetics and general
surgery, were asked to calculate the pPOSSUM based on the clinical information typically available
at the time of making the decision to proceed to emergency laparotomy for the same 10 National
Emergency Laparotomy Audit cases. All participants were surveyed to assess their understanding

and use of the pPOSSUM score.

Results: More than 80% of respondents stated that they use pPOSSUM in daily clinical practice.
There was variability in the calculated scores between the groups analysed. Two subgroups were
evident: one in which the calculated mean pPOSSUM was similar between participants but did
not reflect the true value, and the other which was accurate, but demonstrated high inter-rater

variability.

Conclusions: This is the first study to investigate inter-operator variability in pPOSSUM scores.
Previous reports on the validity of the tool fail to account for subjective variation. At a time where
pPOSSUM has become a routine part of clinical practice, this variability needs to be accounted for
and taken into consideration in the decision-making process.

laparotomy must comply with the National
Emergency Laparotomy Audit and therefore
must undergo pPOSSUM scoring. Trusts
who fail to comply with these standards can
suffer financial penalties (Healthcare Quality
Improvement Partnership, 2018). Despite
the universal application of pPOSSUM
in emergency surgical practice, there is
little formal training in or assessment of
understanding of the score.

The pPOSSUM score is calculated
from 18 separate parameters, broadly
divided into physiological and operative
factors (Z7able I). It has been extensively
validated as an accurate morbidity and
mortality prediction tool in the context of
gastrointestinal surgical procedures (Pratt et
al, 2008; Merad et al, 2012; Findlay et al,
2014) as well as modifications for vascular
surgery (Grant et al, 2012), orthopaedic
surgery (van Zeeland et al, 2011) and
specific elderly cohorts (Tran Ba Loc et
al, 2010). The validation, however, relied
on the postoperative identification of the
operative findings. In clinical practice
this luxury is not afforded and clinicians

are expected to calculate the pPOSSUM
preoperatively, introducing the effects
of inexperience, the unknown, potential
operator bias and subsequent inaccuracies.

There is yet to be an assessment of the
inter-operator variability of the preoperative
calculated score based on a specific clinical
scenario. In an era of increasing reliance

on the pPOSSUM score for preoperative
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decision making, it is vital that inter-operator
variability is low and the score accurate. The
apparent objectivity of the morbidity and
mortality presumed by the decision-making
clinician (particularly if not calculating
the score in person) may potentially cause
unintentional ill-informed practice. This
is best illustrated with an example. A fit
60-year-old patient, presenting with an
acute abdomen who turns out to require a
simple band adhesiolysis without resection,
will have a predicted mortality of ~2%.
However, if the same patient (with the same
preoperative physiological parameters) proves
to have an ischaemic small bowel segment
secondary to an intussuscepting tumour with
mesenteric nodal involvement, requiring
several procedures and suffering significant
blood loss and contamination during the
resection, the predicted mortality would be
85%. It stands to reason that ‘predicting’
these alternative scenarios is dependent on
experience, the information available and the
interpretation of this information at the time
of making the decision to proceed to surgery.
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Owing to the success of the National
and
its mandatory implementation in all

Emergency Laparotomy Audit

NHS hospitals performing emergency
laparotomies, pPOSSUM is now universally
used. As such, it may be increasingly relied
on in surgical decision making. This assumes
that the score is calculated on objective
facts, rather than subjective interpretation
of potentially circumstantial evidence
and the anticipated surgery. This study
investigated the inter-operator variability in
the pPOSSUM score obtained for a given
clinical scenario based on information
commonly available at the time of making the
decision to perform surgery. The hypothesis
was that depending on specialty (anaesthetics
vs surgery) and experience (consultant vs
registrar) there will be significant variation
in the calculated scores.

Methods

Participant selection

Consultants and registrars in general
surgery and anaesthesia in the Health

Table 1. Physiological and operative components of the pPOSSUM score

Operative factors

Operation type (minor, moderate, major, complex major)

Number of procedures (1, 2, >2)

Operative blood loss (<100, 100-500, 500—1000, >1000 ml)

Contamination (none, minor, local pus, free bowel content)

Malignancy status (none, primary, primary with nodal, metastatic)

Confidential Enquiry into Patient Outcome and Death (CEPOD) urgency
level (elective urgent or emergency, emergency <2 hours)

Physiological factors Age

Systolic blood pressure

Heart rate

Glasgow Coma Score

White blood cell count

Urea

Sodium
Potassium
Electrocardiogram

Haemoglobin

Respiratory function

Cardiac function

From Copeland et al (1991)

Education Thames Valley deanery were
invited to participate in this study.
They were provided with a printed pack
containing the case studies, pPOSSUM
scoring proformas and a questionnaire.
These were collected in person from the
participant on completion.

Case selection

Ten emergency laparotomy cases were
selected from one of the deanery hospitals
over 3months (June—August 2017). These
were cross-checked against the National
Emergency Laparotomy Audit entry for the
trust. Case notes were reviewed for clinical,
biochemical and radiological findings to
generate a brief and accurate synopsis to
reflect the information available to a senior
clinician at the time of decision making.
These clinical vignettes were reviewed by a
consultant general surgeon who participates
on the general on-call rota (GJ).

Survey

The survey consisted of two components:
a questionnaire and 10 clinical cases. The
questionnaire was designed to establish
participants’ understanding and practice of
the pPOSSUM score (7able 2). Participants
gave consent in writing to use their answers
in future publications.

Ten anonymised real cases were selected to
represent a range of pathologies, comorbidity
and urgency. Each case was purposely
presented to reflect the typical information
available at the time of making the decision
to perform an emergency laparotomy. A
basic history of the presenting complaint,
past medical and drug history were provided.
The examination findings of the registrar
or consultant as documented in the notes
were provided, as well as observations and
blood results at the time of admission. Since
almost all patients that undergo emergency
laparotomy have a computed tomography
scan performed, the full report of this was
provided for each case.

The participants were asked to complete
all subjective components of the score.
These included two physiological parameters
(respiratory and cardiac function) and all
six operative parameters (operation type,
number of procedures, estimated blood loss,
estimated contamination, malignancy status
and National Confidential Enquiry into
Patient Outcome and Death (NCEPOD)

urgency level).
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Table 2. Questionnaire completed by all participants

Question

What does pPOSSUM stand for?

Do you calculate pPOSSUM yourself before an emergency laparotomy?

Do you consider pPOSSUM to be a useful tool when preparing for an

emergency laparotomy?

Above what mortality value would you consider significant in a

decision not to operate?

Do you consider morbidity when deciding to operate?

Have you ever used the pPOSSUM score in a discussion with a patient

or relative to explain a decision not to operate?

Which areas do you find pPOSSUM useful?

Which of the following staff groups would you consider competent to

calculate a pPOSSUM?

Participants and response rate

Registrars and consultants in general
surgery and anaesthetics across five different
hospitals were approached as part of a trainee
collaborative (OxSCAR) project. Each
participant was asked to complete the two
physiological and six operative parameters
for all 10 cases to allow calculation of the
pPOSSUM score. All participants completed
all components of each case.

Data analysis

pPOSSUM scores were calculated using the
previously published algorithm (Merad et
al, 2012). Statistical analysis was performed
using GraphPad Prism V6.0. The ‘true’
pPOSSUM mortality and morbidity values
were calculated using the actual operative
findings and clinical outcomes. Variability
was determined by calculating the standard
deviation. Accuracy among the cohort was

Options

Yes / no

Yes / no

20-29%
30-39%
40-49%
50-59%
60-69%
70-79%
80-89%
>90%

Yes / no

Yes / no

Decision to offer surgery
Informed consent with patient
Planning perioperative care
Foundation trainee (FY1/FY2)
Core surgical trainee
Anaesthetic trainee

Surgical registrar
Anaesthetic registrar
Consultant surgeon

Consultant anaesthetist

determined where the true pPOSSUM score
was within the standard error of the mean.

Results

Participants and response rates

A total of 45 clinicians was approached
and 40 returned completed documents
(91% response rate) across six hospital sites,
comprising a total of 400 reviewed cases. All
forms were completed in full.

Questionnaire

The questionnaire reflected the increasing
use and awareness of the pPOSSUM
score. This is likely to be a direct result of
the mandatory nature of the score for all
patients undergoing emergency laparotomy.
Ninety per cent of participants were able
to include all of the terms ‘operative’,
‘physiological’, ‘mortality’ and ‘prediction’
in their definition.

Fifty per cent of consultants, both
surgical and anaesthetic, stated that they
did not personally calculate the score, instead
relying on more junior members of the
team to provide an absolute value in terms
of mortality and morbidity. In contrast,
all surgical registrars questioned calculated
the score themselves. The majority of those
questioned (>80% for all groups) found the
pPOSSUM score a useful adjunct in clinical
practice for both the predicted mortality and
morbidity.

The range given as a ‘cut off’ mortality
value to offer or decline surgery was very
variable. In general, registrars were more
generous, with an average of 71% predicted
mortality (mode >90%). Consultants were
less optimistic and averaged a cut off of 60%
predicted mortality (mode 40-49%).

Of each group 70-80% stated that they
would use the score in discussion with
patients and family members. The score was
used by 88% of participants in planning
perioperative care, 85% used it in taking
informed consent and 63% used the score
in making a decision to offer surgery.

Overall, 37% of participants considered
it appropriate for foundation doctors to
calculate the pPOSSUM score, with 80%
considering it appropriate for core surgical
or anaesthetic trainees to calculate it, 98%
for surgical registrars, 95% for anaesthetic
registrars, 93% for consultant surgeons and
93% for consultant anaesthetists.

Clinical cases

Following analysis of the pPOSSUM
data, two distinct patterns emerged. First,
there were cases where the participants’
estimation of the operative findings, and
therefore the pPOSSUM score, were
consistent between specialty and seniority.
Although tightly clustered, in both cases
the predicted mortality was significantly
different from the true value (cases 7 and
10, Figure I). Closer assessment of these
cases identified a common feature which
was that the operative findings did not
reflect the report of the cross-sectional
imaging available. Case 7 was reported as
‘small bowel obstruction likely secondary
to adhesions’ where the operative findings
were perforated diverticulitis. Case 10 was
reported as ‘perforated caecum’ but the
operative findings revealed diverticulitis
without perforation requiring a wash out
and drain. These cases are thus characterized

British Journal of Hospital Medicine, June 2019, Vol 80, No 6

345



B Education and Training Update

Anaesthetists

100
= . o
E 80 ) A

g 604 . . . .
% . . w °®

2401 F . . :.%

8 l: . ..l.o N

T 20 ﬁ & .-
ol . BT &Y
EEAERA R A

FFFFFFFFTFP

o = True value

“ Surgeons
100- &
2z . F
s 80 . :
g 601 . e .
= .o RS -
40+ ‘ . .
2 =S . £
S .. T E . OB
& 204 - . s oL i
TR X .
0'_.I_‘ 7 T .I.. 1; T T & T T
EEATRAGR R AN
FFFFFFFFTFP

Figure 1. Predicted mortality for cases 1-10 for each participant.

by minimal inter-operator variance, but a
mean mortality figure that poorly represents
the true value.

In contrast, cases 4 and 9 revealed a
different pattern. Both these cases showed
awide variance between predicted mortality
in all groups (case 4 range 5.5-82%, case
9 range 8.9-83%). Assessment of the
independent parameters showed that
the observed inter-operator variation
was predominantly driven by differences
between estimated blood loss and estimated
contamination. Although the calculated
mean mortality based on the participants’
answers reflected the true value for the
actual case, the broad variation meant that
these types of cases were at greater risk of
significant error in the predicted mortality
estimate compared to the true value.

Discussion

To the authors” knowledge this is the first
study to assess the inter-operator variability
of the pPOSSUM score. Although the
internal validity of the score is not addressed
or questioned by these findings, these results
raise a significant concern regarding the
calculation of the score, and its subsequent
use in clinical decision making.

The pPOSSUM score is calculated using
physiological and operative parameters.
Only two physiological parameters (cardiac
and respiratory function) could be deemed
‘subjective’ in what score is assigned to them
by the clinician completing the pPOSSUM
calculation. The extent to which they can
alter the final score is minimal. However, as
demonstrated here, the subjective operative
components are prone to significant inter-
operator variability; they all carry the same

weighting (Copeland et al, 1991). This has
important implications if the score is used in
the clinical decision-making process. Over-
estimation of mortality may deny some
patients life-saving operative intervention,
while, conversely, under-estimation may
prevent appropriate perioperative care
planning. Assessment of those factors that
drive inter-operator variation has shown
‘estimated blood loss’ and ‘predicted
contamination’ to be the most significant
contributors.

This study highlighted two particular
groups of patients as noteworthy:
1. Those cases prone to high inter-operator

variance in the pPOSSUM calculation,

but an accurate mean estimation of the

true pPOSSUM
2. Those with minimal inter-operator
variance, but an inaccurate mean

estimation of the true score.
The second theme identified significant
inaccuracy but little variance among
respondents. Interestingly, the history, clinical
examination and biochemistry results in both
cases were in concordance with the ultimate
diagnosis, yet the computed tomography
report, mistakenly, identified an alternative
pathology. These data show that despite
ample clinical information there appears
to be an over-reliance on the computed
tomography findings. Clearly, if decision
making was based on the preoperative
pPOSSUM then case 10 in particular
would have been considered too high risk
(predicted mean mortality 91%) when the
actual value was 53%. There is a danger that
these types of cases may be refused surgery
on the grounds of a misleading preoperative

pPOSSUM. Equally, but to a less serious

degree, is case 7, where surgery could have
been offered on the grounds of a reassuring
mean predicted mortality (22%), when the
true value was 54%.

Thirty-eight per cent of all participants,
including 70% of consultant anaesthetists,
felt that a foundation doctor was sufficiently
competent to calculate a pPOSSUM score
and by implication predict the operative
findings including contamination, blood
loss and complexity regarding resection
or anastomosis and laparostomy. This is in
the context of 63% of participants stating
that they use the score to aid clinical
decisions making. Seventy-eight per cent
of participants routinely used the score in
discussions with patients and relatives in
the context of the decision not to operate
when the predicted mortality was deemed
too high.

The authors certainly do not discourage
the use of risk predictors in clinical practice
as these have proven very helpful adjuncts in
day-to-day practice (e.g. the Rockall score in
upper gastrointestinal bleeds (Rockall et al
1996), or the Glasgow Imrie score for acute
pancreatitis (Blamey et al, 1984)), but this
study illustrates a previously unreported,
but clinically significant, caveat to the
pPOSSUM score.

The authors would propose that, in the
context of preoperative decision making in
part on the basis of the pPOSSUM score,
the individual operative components,
particularly the estimated expected blood
loss and contamination, are discussed with
the clinician in charge of care in order to
decide what the most appropriate predictive
score will be. Furthermore, imaging should
be discussed specifically and, ideally,
images should be reviewed by a senior
surgeon (preferably with the reporting
radiologist) to corroborate the history,
clinical findings, biochemistry, imaging
and potential operative approach. This type
of multidisciplinary approach is usually
the standard of care, but clinicians should
be aware that risk predicting scores are no
replacement for careful and collaborative
clinical practice.

Conclusions

Although the pPOSSUM score is a
validated tool in predicting perioperative
morbidity and mortality it heavily relies
on predicting intraoperative findings and,
to a degree, the postoperative course of the
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patient. This study shows that the inter-
operator variability, based on the same
clinical information, is wide. Furthermore,
an over-reliance on cross-sectional imaging
is apparent. In the context of the results of
this survey, which show a significant reliance
by clinicians on the pPOSSUM score both
in their decision to operate and council the
patient, the inherent subjectivity of the score
needs to be considered. BJHM
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