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Abstract
Objectives: To describe the reliability and validity of the Postoperative Morbidity Survey (POMS). To describe the level and pattern of
short-term postoperative morbidity after major elective surgery using the POMS.
Study Design and Setting: This was a prospective cohort study of 439 adults undergoing major elective surgery in a UK teaching hospital.
The POMS, an 18-item survey that address nine domains of postoperative morbidity, was recorded on postoperative days 3, 5, 8, and 15.
Results: Inter-rater reliability was perfect for 11/18 items (Kappa 5 1.0), with Kappa 5 0.94 for 6/18 items. A priori hypotheses that
the POMS would discriminate between patients with known measures of morbidity risk, and predict length of stay were generally supported
through observation of data trends, and there was statistically significant evidence of construct validity for all but the wound and neurological domains. POMS-defined morbidity was present in 325 of 433 patients (75.1%) remaining in hospital on postoperative day 3 after
surgery, 231 of 407 patients (56.8%) on day 5, 138 of 299 patients (46.2%) on day 8, and 70 of 111 patients (63.1%) on day 15. Gastrointestinal (47.4%), infectious (46.5%), pain-related (40.3%), pulmonary (39.4%), and renal problems (33.3%) were the most common forms
of morbidity.
Conclusion: The POMS is a reliable and valid survey of short-term postoperative morbidity in major elective surgery. Many patients
remain in hospital without any morbidity as recorded by the POMS. Ó 2007 Elsevier Inc. All rights reserved.
Keywords: Outcome Assessment (Health Care); Health Services Research; Morbidity; Epidemiology; Surgery; Surgical Procedures; Operative

1. Introduction
Calls for increased clinical safety and accountability
after high profile health care scandals, the drive to give
patients a choice between different health care providers,
and the linkage of funding to measured results have driven
the outcomes reporting agenda forward. Cardiac surgery
has led the way in the reporting of outcomes after surgery
[1e3] and other surgical specialties are now following [4].
These initiatives are limited by the lack of validated instruments for describing the variety of outcomes occurring to
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individual patients. The measures currently used to assess
outcome after surgery have significant limitations.
Mortality is the most commonly cited variable, but the
low event rate after elective surgery limits its applicability
as a general outcome measure. Length of hospital stay is
known to be affected by medical and nonmedical factors
and therefore functions as a hybrid measure of process
and outcome [5e9]. Recording of perioperative morbidity
has hitherto been limited: a recent systematic review of
the measurement and monitoring of surgical adverse events
found inconsistency in the quality of reporting of postoperative adverse events limiting accurate comparison of rates
over time and between institutions [10]. A reliable and
valid index of short-term postoperative morbidity would
be of enormous value in quality of care, prognostic, and
effectiveness research.
The Postoperative Morbidity Survey (POMS) is the only
published prospective method for describing short-term
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morbidity after major surgery [11]. The POMS was designed with two guiding principles. First, it should only
identify morbidity of a type and severity that could delay
discharge from hospital. Second, the data collection process
should be as simple as possible so that large numbers of patients can be routinely screened. Following on from these
principles, a measure was produced that focused on easily
collectable indicators of clinically important dysfunction
in key organ systems. The indicators are obtainable from
routinely available sources and do not require special investigations. These sources include observation charts, medication charts, patient notes, routine blood test results, and
direct questioning and observation of the patient. Crucially,
the indicators define morbidity in terms of clinically important consequences rather than traditional diagnostic
categories.
Item generation was achieved through a three-stage process [11]. First, investigators collected information directly
from patients, nurses, and doctors using open questions to
identify reasons why the patients remained in hospital after
surgery. Second, the responses obtained were categorized
into domains of morbidity type. Thresholds were set for individual domains to achieve the primary goal of identifying
morbidity of a type and severity that could delay discharge
from hospital. Finally, the derived survey was reviewed and
amended by an international consensus panel of anesthesiologists and surgeons. The POMS (Table 1) contains 18
items that address nine domains of postoperative morbidity.
For each domain, either presence or absence of morbidity is
recorded on the basis of objective criteria. The POMS is
starting to be used in outcomes research [12] and in effectiveness research [13].

The aims of this study were to describe the level and pattern of short-term postoperative morbidity in a UK teaching
hospital and to establish the reliability and validity of the
POMS in patients undergoing elective major surgery.
2. Methods
All adult patients (aged 18 years or above) undergoing
major elective surgery at the Middlesex NHS Hospital
(London, UK) between July 1, 2001 and September 30,
2003 were eligible for inclusion in this prospective cohort
study. Recruitment was interrupted during periods of study
nurse annual leave.
Major elective surgery was defined as procedures expected to last more than 2 hours or with an anticipated
blood loss greater than 500 mL. The following procedures
were included: orthopedic surgery (revision hip arthroplasty, total hip replacement, total knee replacement,
fusion/instrumentation of multiple lumbar or thoracic vertebrae), general surgery (laparotomy including partial hepatectomy, pancreatic surgery, reoperative colon surgery,
abdominoperineal resections, anterior resections, panproctocolectomies, hepatobiliary bypass procedures), and urological surgery (radical prostatectomy, radical cystectomy,
radical nephrectomy).
Having obtained institutional ethics committee approval,
candidate inpatients were asked to provide informed consent to participate in the study. The POMS was administered by one of two study nurses to consenting patients
on postoperative days 3, 5, 8, and 15. Acceptability of
the POMS to patients was noted. Thirty-four patients were
administered the POMS by both research nurses to assess

Table 1
The POMS
Morbidity type

Criteria

Source of data

Pulmonary

Has the patient developed a new requirement for oxygen or respiratory support.

Infectious

Currently on antibiotics and/or has had a temperature of O38  C in the last 24 hr.

Renal

Presence of oliguria !500 mL/24 hr; increased serum creatinine
(O30% from preoperative level); urinary catheter in situ.

Gastrointestinal

Unable to tolerate an enteral diet for any reason including nausea, vomiting,
and abdominal distension (use of antiemetic).

Cardiovascular

Diagnostic tests or therapy within the last 24 hr for any of the following:
new myocardial infarction or ischemia, hypotension (requiring fluid therapy O200 mL/hr or
pharmacological therapy), atrial or ventricular arrhythmias, cardiogenic pulmonary
edema, thrombotic event (requiring anticoagulation).
New focal neurological deficit, confusion, delirium, or coma.

Patient observation
Treatment chart
Treatment chart
Observation chart
Fluid balance chart
Biochemistry result
Patient observation
Patient questioning
Fluid balance chart
Treatment chart
Treatment chart
Note review

Neurological
Hematological
Wound
Pain

Requirement for any of the following within the last 24 hr: packed erythrocytes,
platelets, fresh-frozen plasma, or cryoprecipitate.
Wound dehiscence requiring surgical exploration or drainage of pus from the
operation wound with or without isolation of organisms.
New postoperative pain significant enough to require parenteral opioids or regional analgesia.

Note review
Patient questioning
Treatment chart
Fluid balance chart
Note review
Pathology result
Treatment chart
Patient questioning
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inter-rater reliability. POMS criteria were evaluated through
direct patient questioning and examination, review of clinical notes and charts, retrieval of data from the hospital
clinical information system, and/or consulting with the patient’s caregivers. Patients were cared for by the normal attending clinicians who were blinded to the survey results.
We also recorded patient’s age, sex, surgical procedure,
measures of preoperative risk (American Society of
Anaesthesiology [ASA] Physical Status Score [14], Physiological Score of the Physiologic and Operative Severity
Score for the enUmeration of Mortality and Morbidity
[POSSUM]) [15], length of stay, mortality, and admission
to intensive care unit (ICU). The ASA score subjectively
categorizes patients into five subgroups by preoperative
physical fitness. The POSSUM score is a means of predicting outcome after surgery based on 12 physiological
variables obtained before surgery (physiologic score) and
six operative variables available during or after surgery
(operative severity score). Observed rates of mortality
and morbidity are compared with expected values obtained by inputting the physiologic score and operative severity score into the POSSUM predictor equation. Where
patients remained in hospital without identifiable morbidity
(as defined by the POMS), we recorded reasons for delay in
hospital discharge including nonmedical reasons as a free
text entry (last 200 recruited patients only). This was done
by detailed review of the patients’ charts (medication, observation, and fluid balance) and clinical note review.
Where no clear answer was identified from these sources
direct questioning of patients, nurses, and doctors was undertaken to define the reason for remaining in hospital.
Inter-rater reliability was analyzed using the Kappa coefficient of agreement [16]. The extent to which the nine
POMS domains comprise a scale that measures the same underlying construct (internal consistency) was examined using the Kuder-Richardson formula 20 [17]. For the sake of
brevity, we confine our validity analyses to data collected
on postoperative day 5. The predictive validity of POMS
was explored first on a univariate basis using t-tests to compare the mean subsequent length of stay of patients with and
without POMS-defined morbidity. We also performed a multivariate linear regression analysis to determine the independent predictive strength of each POMS domain. To do this,
we adjusted the raw differences in length of stay between
patients with and without morbidity on each POMS domain
to take account of morbidity in other domains. To test
‘‘known-groups’’ construct validity, we examined the extent
to which POMS domain frequencies were higher in patients
with a greater risk of postoperative morbidity. To do this, we
used chi-square tests to compare patients with preoperative
ASA grades I and II to patients with ASA grades III and IV.
We also used chi-square tests to compare patients with
!50% risk of postoperative morbidity (as defined by the
POSSUM assessment) to those with >50% risk. All Pvalues are two-sided, and P-values lower than 0.05 were
considered a statistically significant result. Stata software
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(Release 8; StataCorp LP, College Station, TX) was used
for all calculations.

3. Results
3.1. Characteristics of study population
Of the 706 patients, 450 (63.7%) who were candidates
for inclusion were enrolled into the study. The main reasons
for nonenrollment were lack of preoperative consent (139
patients), communication problems (47 patients), and enrollment in other studies (37 patients). One of the enrolled
patients withdrew after provision of consent, one was found
to be participating in an interventional study, one was withdrawn by the attending consultant, and eight did not have
surgery.
Patient and perioperative characteristics of the 439 evaluated patients are summarized in Table 2. The mean age of
the 439 patients who completed the study was 62.9 years
(range, 19e90 years) and 260 patients were female
(59.2%). In the 434 patients where ASA score was recorded
79 (18.2%) were rated grade I, 253 (58.3%) were grade II,
100 (23.0%) were grade III, and 2 (0.5%) were grade IV.
The range of postoperative morbidity risk predicted by
POSSUM was high (mean risk of morbidity, 31.9%; SD,
21.3%; range, 7.6e98.0%). The median postoperative
length of hospital stay for all patients was 10 days (mean,
13.4 days; SD, 12.8; range, 1e136 days) and six patients
(1.4%) died during their hospital stay. Patients in ASA
grades I or II had a shorter postoperative length of stay
(mean, 12.6 days; median, 10 days) than those in grades
III or IV (mean, 16.4 days; median, 12 days). Similarly, patients with >50% risk of postoperative morbidity as defined
by POSSUM had a longer postoperative length of stay
(mean, 21.0 days; median, 18 days) than those with a lower
risk (mean, 11.8 days; median, 9 days). Seventy patients
(16.0%) were directly admitted to ICU after surgery and
a further 35 patients (8.0%) required admission to ICU after
a period of ward care.
Two hundred and eighty-nine patients (65.8%) underwent orthopedic surgery, 101 (23.0%) had general surgery,
and 49 (11.2%) had urological surgery. Patients undergoing
orthopedic surgery (mean, 65.2 years) were slightly older
than those undergoing general (60.2 years) and urological
surgery (55.2 years), but were judged to be at lower risk
of postoperative morbidity using POSSUM criteria
(24.4% vs. 48.5% for general surgery and 42.0% for urological surgery patients). The POSSUM physiology scores
were slightly higher in patients undergoing orthopedic surgery (mean, 17.2; median, 17) than in patients undergoing
general (mean, 16.1; median, 15) or urology (mean, 16.1;
median, 15) surgery. The POSSUM operative severity
scores were higher for urological surgery (mean, 15.9; median, 17) and general surgery (mean, 17.3; median, 17) than
for orthopedic surgery (mean, 10.2; median, 9). Duration of
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Table 2
Patient and perioperative characteristics for the 439 evaluated patients
Group
(% of study population)

Total

Orthopedic

General

Urology

439 (100%)

289 (65.8%)

101 (23.0%)

49 (11.2%)

62.9
(615.7)
[19e90]

65.2
(616.1)
[19e90]

60.2
(613.9)
[24e88]

55.2
(613.1)
[27e80]

59.2

63.7

53.5

44.9

ASA score
ASA I
ASA II
ASA III
ASA IV
Missing value

18.0
57.6
22.8
0.5
1.1

22.2
55.0
21.1
0
1.7

7.9
66.3
24.8
1.0
0

14.3
55.1
28.6
2.0
0

Postoperative environment
ICU/HDU
O1 d in ICU
Ward

16.0
2.5
84.0

10.1
0
89.9

25.7
8.9
74.3

30.6
4.1
69.4

0
(0e11)
10
(1e136)
4.3
2.0
1.4

0
(0e1)
10
(2e136)
3.5
1.3
1.0

0
(0e11)
13
(4e75)
5.0
3.0
2.0

0
(0e4)
8
(1e40)
8.2
4.1
2.0

96.8
0.9
0.7

97.6
1.0
0.3

95.0
1.0
1.0

95.9
0
2.0

Mean age *(years)
(6SD)
[Range]
Sex
Female

Median ICU/HDU LOS *(days)
(Range)
Median postoperative LOS *(days)
(Range)
Returned to theater
Readmitted to ICU/HDU
Died in hospital
Discharge destination
Home
Rehabilitation
Other hospital

*All data expressed as percentage of total patients for each column unless otherwise stated.
ICU indicates intensive care unit; HDU, high dependency unit; LOS, length of stay.

surgery was longer for urological surgery (mean, 268 minutes; median, 285 minutes) and general surgery (mean, 282
minutes; median, 255 minutes) than for orthopedic surgery
(mean, 183 minutes; median, 168 minutes). Estimated
blood loss was greater for urological surgery (mean,
2,173 mL; median, 1,700 mL) than for orthopedic surgery
(mean, 1,084; median, 650) or general surgery (mean,
942 mL; median, 700 mL).
The POMS was administered to those members of this
cohort who remained in hospital on postoperative days 3
(433 patients), 5 (407 patients), 8 (299 patients), and 15
(111 patients).
3.2. Prevalence and pattern of postoperative morbidity
The percentage of patients with and without POMSdefined morbidity, by surgical specialty, for all postoperative
time points is reported in Table 3. The POMS-defined morbidity was present in 75.1% of inpatients on day 3, 56.8%
on day 5, 46.2% on day 8, and 63.1% on day 15. The most
common sources of morbidity were gastrointestinal (recorded in 47.4% of all 439 patients at one or more than one
postoperative time point), infectious (46.5%), pain
(40.3%), pulmonary (39.4%), and renal (33.3%). Wound

(11.2%), hematological (10.5%), cardiovascular (3.6%),
and neurological (2.3%) morbidities were relatively rare. Orthopedic patients were much more likely to avoid any form of
POMS-defined morbidity over the course of their hospital
stay (29.4% vs. 2.0% for general surgery and 6.1% for urological surgery). However, they were also more likely to remain in hospital despite having no form of POMS-defined
morbidity (e.g., 55.0% remained in hospital with no morbidity on day 5 compared to 19.4% of general surgery patients
and 22.5% of urological surgery patients). The prevalence
of each type of morbidity for the different surgical specialties
at each postoperative time point is shown in Table 3. The
most extreme discrepancies in specialty-specific morbidity
rates were observed in the gastrointestinal domain on day 3
(20.1% for orthopedic surgery vs. 91.1% for general surgery
and 51.0% for urological surgery).
3.3. Reasons for nondischarge in patients
with no POMS morbidity
For the last 200 patients enrolled into the study, if no
POMS-defined morbidity was identified, we recorded alternative reasons for remaining in hospital and did not identify
any additional unrecorded morbidity. One hundred and
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Table 3
Percentage of patients according to discharge status and prevalence of overall morbidity (as defined by the POMS) and POMS domains categorized by
surgical specialty at all postoperative time points

Discharged from hospital
In hospital without morbidity
In hospital with morbidity
Pulmonary
Infectious
Renal
Gastrointestinal
Cardiovascular
Neurological
Wound
Hematological
Pain

Orthopedic (N 5 289)

General (N 5 101)

Urology (N 5 49)

Day

Day

Day

3

5

8

15

3

5

8

15

3

5

8

15

1.7
35.6
62.6
30.1
26.6
24.9
20.1
0.7
1.7
1.7
7.3
30.8

6.9
51.2
41.9
7.3
21.5
8.7
15.9
1.4
0.7
5.5
2.4
4.2

34.9
40.5
24.6
2.4
14.5
2.8
7.3
0.3
0.3
5.9
1.0
1.4

83.0
8.7
8.3
1.7
7.6
1.0
1.0
0
0
2.4
0.3
0.7

0
2.0
98.0
58.4
43.6
39.6
92.1
3.0
3.0
0
4.0
58.4

3.0
18.8
78.2
19.8
28.7
21.8
65.3
4.0
2.0
1.0
2.0
24.8

15.8
34.7
49.5
12.9
18.8
5.9
37.6
1.0
0
6.9
1.0
10.9

53.5
12.9
33.7
5.9
11.9
3.0
25.7
1.0
0
6.9
0
5.9

2.0
6.1
91.8
36.7
59.2
53.1
51.0
2.0
0
0
16.3
49.0

18.4
18.4
63.3
22.4
36.7
30.6
40.8
2.0
0
2.0
2.0
20.4

46.9
18.4
34.7
8.2
14.3
10.2
18.4
0
4.1
4.1
0
2.0

69.4
6.1
24.5
6.1
16.3
4.1
10.2
0
0
4.1
0
2.0

Morbidity rates for individual domains do not sum to total ‘‘in-hospital with morbidity’’ as many patients had more than one type of morbidity.

sixty-one patients on day 8 and 41 patients on day 15 remained in hospital in the absence of any identifiable morbidity. Common reasons for nondischarge included
mobility problems (41 patients on day 8, 8 patients on
day 15), awaiting equipment at home (14 patients on day
8, 3 patients on day 15), and social problems (3 patients
on 8, 3 patients on day 15). Four patients on day 8 and
one patient on day 15 remained in hospital without any
identifiable reason.

3.4. Reliability and acceptability
The subjective view of study nurses was that there was
little or no dissatisfaction among patients during POMS administration. Inter-rater agreement for 11 items was perfect
(Kappa 5 1.0), with Kappa 5 0.94 for six further items.
Agreement was slightly lower on one item (assessment of
nausea, vomiting or abdominal distension; Kappa 5 0.71),
and a more precise definition that included the prescription
of antiemetics as a criterion was subsequently adopted.

3.5. Internal consistency
The internal consistency of the nine POMS domains on
day 3 was 0.60, which is below the accepted minimum
standard of 0.70 [18]. This indicates an insufficient level
of homogeneity among the nine POMS domains to regard
the survey as a scale addressing a unified underlying construct. Given this lack of unidimensionality, the nine POMS
domains were treated separately in subsequent statistical
analyses. Similar coefficients for internal consistency of
POMS domains were observed on days 5 (0.57), 8 (0.51),
and 15 (0.54).

3.6. Construct validity
Across all nine POMS domains, patients with morbidity
on day 5 had a longer subsequent mean length of stay than
those without morbidity (Table 4). In five domains
(pulmonary, infectious, renal, gastrointestinal, and pain),
these differences were statistically significant. The largest
domain-specific difference was between patients with and
without pain-related morbidity (21.1 vs. 7.6 days) and the
smallest was for wound-related morbidity (10.3 vs. 9.2
days). When taking account of morbidity in other domains
using multivariate linear regression, the only statistically
significant independent predictors of length of stay were
gastrointestinal and pain-related morbidity.
Patients in higher preoperative risk categories (ASA
grades III/IV and those with >50% risk of postoperative
morbidity as defined by POSSUM) tended to have greater
POMS-defined morbidity on day 5 after surgery (Table
4). The POMS tended to discriminate more clearly between
patients in lower and higher POSSUM risk categories, than
between those in lower and higher ASA grades. ‘‘Wound’’
was the only POMS domain where patients in high-risk
groups tended to have the same levels of POMS-defined
morbidity as patients in low-risk groups. Although not
presented in this paper, the trends described above were
present in POMS data collected on days 3, 8, and 15.
When we used chi-square tests to compare the differences
between the POMS-defined morbidity levels of patients with
low and high-risk ASA grades, only one comparison reached
statistical significance: patients with ASA grades I or II had
a lower risk of infectious morbidity than patients with ASA
grades III or IV. In contrast, the same comparisons for
patients with low vs. high-risk of POSSUM-defined
postoperative morbidity showed significantly higher levels
of POMS-defined morbidity in the high-risk group for all
but the neurological and wound domains.
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Table 4
Remaining length of stay (days) in patients with and without POMS-defined morbidity on day 5
Independent predictive strength of each POMS domain
based on multivariate regression analysis
With morbidity

Without morbidity

Morbidity type

N

Mean

N

Mean

Adjusted difference in length
of stay (days) beyond day 5

P

Pulmonary
Infectious
Renal
Gastrointestinal
Cardiovascular
Neurological
Wound
Hematological
Pain

52
109
62
132
9
4
18
10
47

16.3
12.4
12.1
14.1
15.4
18.0
10.3
14.9
21.1

355
298
345
275
398
403
389
397
360

8.2*
8.0*
8.7*
6.9*
9.1
9.1
9.2
9.1
7.6*

1.7
2.5
1.8
4.3
0.1
5.4
2.6
3.4
10.6

0.43
0.07
0.31
0.002
0.98
0.40
0.37
0.39
!0.001

95% CI
2.5 to 5.8
0.2 to 5.3
5.4 to 1.7
1.6 to 7.1
8.7 to 8.9
7.3 to 18.0
3.1 to 8.4
4.4 to 11.2
6.4 to 14.9

Abbreviation: CI, confidence interval.
*P ! 0.05 for univariate t-test of differences in length of stay between patients with and without morbidity.

4. Discussion
4.1. Summary of findings
In this first use of the POMS in a UK setting, gastrointestinal, infectious, pain-related, pulmonary, and renal
problems were the most common sources of morbidity after
major surgery. Many patients remained in hospital despite
having no morbidity, but no patient free of morbidity as defined by the POMS was found to have a morbidity-related
reason for remaining in hospital: the POMS captured all
relevant morbidity in inpatients. A variety of nonmedical
reasons were identified as being responsible for prolonged
hospital stay. Morbidity levels were lowest in patients undergoing orthopedic surgery but these patients were also
more likely to remain in hospital without any form of morbidity. The POMS had good inter-rater reliability and acceptability to patients. A priori hypotheses that the POMS
would discriminate between patients with known measures
of morbidity risk, and predict length of stay were generally
supported through observation of data trends, and we have
demonstrated statistically significant evidence of construct
validity for all but the wound and neurological domains
(Tables 4 and 5). By predicting length of stay the POMS
behaves in a similar way to both the ASA and POSSUM
measures, providing evidence of convergent validity. The
internal consistency of the POMS was relatively low indicating that it does not have the scaling properties necessary
to generate a total score, which could be used as an index of
overall morbidity.
The epidemiology of postoperative morbidity observed
in this study reflects the health of the study population,
the nature and severity of the surgery undertaken, and the
definitions of morbidity used.
Although patients undergoing orthopedic surgery were
marginally older and less fit than patients undergoing urological or general surgery, this was not reflected in the overall prevalence of morbidity for the three surgical groups.

The differences in overall morbidity levels between surgical groups seem predominantly to reflect severity of surgery
as indicated by differences in the Operative Severity Score
of the POSSUM and differences in the duration of surgery.
The POSSUM operative severity score, and therefore POSSUM predicted morbidity level, and duration of surgery
were all greatest in patients undergoing general surgery,
less in patients undergoing urological surgery, and substantially lower in patients undergoing orthopedic surgery. Interestingly, estimated intraoperative blood loss, which has
previously been used as an index of severity of surgery,
was similar for orthopedic and general surgery but greater
for urological surgery.
Although severity of surgery is reflected in the overall
prevalence of morbidity, the nature of surgery is reflected
in the pattern of morbidity. For example, gastrointestinal
morbidity was observed most frequently after general
Table 5
Rates (%) of POMS-defined morbidity on day 5 after surgery in
patients with different ASA gradesa and in different POSSUM-defined
morbidity risk categories
ASA grade

POSSUM risk category

I/II

III/IV

!50%

>50%

Morbidity type

(n 5 305)

(n 5 98)

(N 5 333)

(N 5 74)

Pulmonary
Infectious
Renal
Gastrointestinal
Cardiovascular
Neurological
Hematological
Wound
Pain

11.2
22.6
13.8
32.1
1.6
1.0
2.3
4.9
10.8

18.4
39.8*
20.4
34.7
4.1
1.0
3.1
3.1
14.3

10.8
24.6
12.3
26.4
1.2
0.6
1.5
4.8
8.1

21.6*
36.5*
28.4*
59.5*
6.8*
2.7
6.8*
2.7
27.0*

*P ! 0.05 for chi-square test of differences between low- and high-risk
patient groups.
a
Based on 403, of 407 day 5 inpatients where preoperative ASA grade
was known.
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surgery (operation directly involving gastrointestinal tract)
and least frequently after orthopedic surgery (operation site
remote from the gastrointestinal tract), whereas renal morbidity occurred most commonly after urological surgery.
The interaction between severity of surgery and type of surgery follows a predictable pattern: within each specialty,
the pattern of morbidity is consistent but the prevalence
of each type of morbidity increases in proportion to operative severity.
4.2. Limitations of POMS and this study
4.2.1. Generalizability
A potential weakness of this study is uncertain generalizability. We focused on adult orthopedic, general, and urological surgery and our study was limited to one UK
teaching hospital. However, a similar prevalence study (using identical recruitment criteria for the same types of surgery) in a US teaching hospital found a similar pattern and
levels of morbidity [11]. We have not demonstrated that the
POMS is a valid index of morbidity for other types of surgery (e.g., vascular surgery, cardiac surgery, and pediatric
surgery). We would expect to see distinct patterns of morbidity in these groups reflecting different patterns of surgical injury and underlying disease. In some cases, specific
comorbidities are associated with underlying risk factors
for the problem requiring surgery (e.g., increased level of
ischemic cardiac disease in patients undergoing surgery
for peripheral vascular disease). Separate work is underway
on the development of alternative versions of the POMS
that are specific to cardiac and pediatric surgery.
4.2.2. Validity
There is no criterion ‘‘gold standard’’ with which to
compare the POMS as a tool for identifying postoperative
morbidity. Face validity of the POMS rests on demonstration of its ability to identify clinically relevant postoperative morbidity. There was evidence that POMS captured
all clinically relevant morbidity. Composite outcomes such
as the POMS can have more diverse content than simpler
tools and are believed to have a better chance of detecting
unexpected adverse outcomes [19].
Face validity is supported by the fact that for each domain the criteria are objective and simple to assess and that
they represent a significant magnitude of morbidity (e.g.,
parenteral opioids or regional analgesia represent a nontrivial level of pain relief). Limitations of the domain criteria
are that in some cases they are dependent on administered
treatment, that they are composed of variety of different
types of data, and that the binary nature of the domains
(presence or absence of morbidity) might result in threshold
effects whereby significant morbidity would go unrecorded.
These limitations are discussed below.
The definitions used in POMS may be criticized as being
too dependent on administered treatment: routine prophylactic interventions might be confused with ‘‘true’’
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morbidity. This is particularly true in the first 3 days after
certain types of elective surgery, where, for example, there
may be routine use of pain medication, urinary catheter, antibiotics, and respiratory support and in some cases withholding of oral nutrition. However, the routine use of
these treatments should be rare beyond the first 3 postoperative days and morbidity identified subsequently should be
‘‘true’’ morbidity. Variation in clinician practice relating to
the context of use of the POMS may also confound measurement of ‘‘true’’ morbidity (see Section 4.2.3).
Many of the POMS definitions include more than one
type of data. For example, the POMS definition of renal
morbidity includes a laboratory finding (increased serum
creatinine [O30% from preoperative level]), a treatment
(urinary catheter in situ), and a physiological observation
(oliguria !500 mL/24 hr). However, this is consistent with
the clinimetric approach to index development [20,21].
Strengths of this approach are that face validity is improved
and that the POMS has good sensitivity and specificity for
significant morbidity requiring hospital care when applied
in an environment with a tightly defined discharge policy
[11]. We believe that using observable treatment to define
morbidity leads to high inter-rater reliability and achieves
acceptable levels of sensitivity and specificity for clinically
significant morbidity. Additionally, this approach eliminates much of the variation arising from subjective assessment of conditions such as wound infection, pain, and
respiratory distress.
The definitions of morbidity used for each domain of the
POMS will influence measured prevalence of morbidity
types. For example, if the definition of pain was altered
to include taking oral analgesics the measured frequency
of pain would be much higher. Additionally, for some domains there may be threshold effects whereby morbidity
significant to a patient is not recorded (e.g., blood loss resulting in anemia and fatigue, but not meeting transfusion
triggers). However, the finding that patients in hospital
without morbidity as defined by the POMS were not there
because of unrecorded morbidity supports the notion that
the POMS records morbidity significant to patients and clinicians. A tool more sensitive for lower levels of morbidity
(e.g., mild headache or mild exercise limitation) would be
a poor discriminator of postoperative outcome after major
surgery.
The definitions within individual domains record phenomena, which may be pathophysiologically related. There
is therefore the potential for redundancy between domains.
For example, an acute myocardial infarction might be recorded under pain (parenteral opiate prescription), cardiovascular (tests for ischemia), pulmonary (supplemental
oxygen), and infectious (fever) domains. Pathophysiological interactions might also result in interactions between
domains. For example, the pain and gastrointestinal domains might be associated due to the effects of parenteral
opiates on gastrointestinal function leading to inability to
tolerate enteral diet.
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4.2.3. Context of use
The POMS assumes that the institutional settings in
which it is used will be competent to recognize and treat
morbidity as it arises. Where this assumption is violated,
the POMS may produce the paradoxical result that hospitals with lower standards of care record the lowest level
of morbidity. For example, a hospital with inappropriately
low parenteral opioid prescription could fail to record
POMS-defined pain morbidity. It is therefore important that
POMS data is always interpreted in the context of an understanding of local postoperative treatment protocols and
guidelines. We expect the use of the POMS in combination
with clearly defined postoperative care pathways should
provide a powerful tool for quality of care and morbidity
outcome assessment. Recording of POMS data during the
first 3 postoperative days would provide information about
routine practice as discussed above. Recording of POMS
from day 5 onwards should provide an index of ‘‘true’’
morbidity.
4.2.4. Discussion of findings in light of the literature
Estimates of morbidity prevalence are always contingent
on the population under study and the definitions used. Previous reports have classified postoperative morbidity using
alternative approaches to that taken by the POMS. They
have commonly focused on defined diagnoses (e.g., Deep
Venous Thrombosis) [15] rather than looking to capture
all morbidity relevant to patients. They have often not recorded morbidity that did not fit into this type of diagnostic
categorization (e.g., failure-to-tolerate enteral feed). As an
example, comparison with other studies assessing pain is
difficult because we used an operational definition for presence or absence of pain at predefined times, whereas most
pain studies use objective testing methods (e.g., visual
analog scores) [22e24] and/or cumulative recording (e.g.,
total morphine usage) [22,25,26] yielding continuous variables rather than a point prevalence. Additionally, most previous studies, which have recorded postoperative morbidity,
have not collected data such as POSSUM scores that would
permit risk adjustment and meaningful comparison with
this study.
Recognizing these limitations it seems that relationships
between different categories of morbidity and length of stay
observed in our study are broadly consistent with previous
reports. Pain and gastrointestinal dysfunction were common and associated with prolonged duration of stay in hospital. In a day surgery setting prolonged length of stay was
associated with postoperative nausea and vomiting, dizziness, drowsiness, pain, and cardiovascular events [27].
Other studies of outcome after surgery have shown that delayed enteral feeding is not uncommon after gastrointestinal [13,28] or nongastrointestinal surgery [29]. A study of
outcome after gastroenterological surgery in patients having lower risk operations than were included in our study
found 13.9% (70/503) of patients had delayed oral intake
(still receiving IV fluids O1 week after surgery owing to

postoperative ileus) comparable to day 8 gastrointestinal
morbidity 37.3% (inability to tolerate enteral diet) [30].
However, it is notable that in our study gastrointestinal
morbidity, which is by definition distressing to the patient
(unable to tolerate enteral diet), is not uncommon (O15%
on POD3 and POD5) even after orthopedic surgery. This
suggests that much of this type of morbidity is not simply related to direct disturbance of the gastrointestinal tract but
may be associated with the overall physiological disturbance
consequent upon major surgery of any type: it is likely to be
a marker of the whole body response to injury rather than
a specific local effect. Previous attempts at recording perioperative outcome have often not recorded this dimension of
patient morbidity or have recorded ‘‘postoperative ileus’’
[15,31], a much less clearly defined outcome [32].
In our study, the wound domain was not strongly associated with increased length of stay and occurred less frequently among those with a greater preoperative risk as
defined by ASA grade of POSSUM. This finding was consistent across surgical subgroups. This is in contrast to previous epidemiological [33] and case-matching [34e36]
studies, which have reported clinically significant ‘‘attributable’’ increases in length of stay associated with surgical
site infection (SSI). The lack of association in our study
is striking because the POMS definition of wound morbidity has a stricter criterion than many other reports with the
result that the POMS should only identify the most serious
or severe wound morbidity. However, this is not universally
reported: a case series of patients after colorectal surgery
did not demonstrate an association between SSI and length
of hospital stay using multiple regression analysis [37].
Both cardiac and neurological domains occur infrequently (!5%) in all types of surgery. Although cardiac
risks are commonly perceived to be greater, our results
are consistent with large-scale surveys of the risk of major
cardiac complications in noncardiac surgery [38e41] but
lower than levels identified if intensive monitoring techniques (e.g., continuous ECG monitoring for ST depression) [42] or biochemical tests [43] (e.g., Troponin T) are
used.
4.2.5. POMS and bed occupancy
Our study provides an opportunity for direct comparison
of outcome after major surgery between a UK and a US institution [11]. The pattern and prevalence of morbidity was
very similar, but the relationship between morbidity and
bed occupancy was not: nearly all (O98%) patients remaining in hospital in the US hospital had identifiable morbidity [11], whereas many patients (54% on day 8) in the
UK hospital did not. The observation that patients remain
in hospital in the absence of a clinical indication is not
new [6e9,44e48]. A recent UK report of postoperative
bed occupancy reported that 31% of patients were occupying beds inappropriately [49]. Although the POMS was not
designed as a bed utilization review tool, the striking difference in prevalence of ‘‘morbidity-free’’ days between the
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two centers suggests contrasting levels of ‘‘appropriate’’
bed use and emphasizes the potential for improvements in
discharge efficiency in the UK hospital. Shorter hospital
stay as a result of improved discharge efficiency will reduce
cost per patient and increase patient throughput.
4.2.6. Further studies
The POMS has great potential as a standard outcome
measure in quality of care, prognostic, and effectiveness research. As the only validated measure of postoperative morbidity, this would permit comparison of both the level and
pattern of postoperative morbidity and allows comparison
between different studies. Comparing outcomes that occur
more frequently (e.g., morbidity rather than mortality)
allows smaller studies while retaining statistical power to
detect significant differences between groups. In addition,
the POMS permits the separation of process and outcome
assessment in prognostic and effectiveness research thereby
reducing confounding by process related factors. The
POMS also has utility as a tool to explore improvements
in bed management efficiency and to evaluate the success
of these changes when implemented. Suitable models incorporating preoperative risk profiles, surgery characteristics, and postoperative morbidity assessment could be
developed which would predict surgical bed occupancy
and be responsive to the level and pattern of morbidity in
current inpatients.
An important element of future work will be to validate
the POMS in other populations (e.g., vascular surgery, cardiac surgery, neurosurgery, and pediatric surgery). The distinct pattern of morbidity in some of these settings (e.g.,
neurosurgery, cardiac surgery) might be expected to require
the development of a modified tool specific to this type of
surgery and work is already underway to develop and validate a version of POMS specific for cardiac surgery. In the
pediatric surgical population, one might hypothesize that
both the pattern of morbidity and the expression of ‘‘unwellness’’ (e.g., different reasons for not tolerating enteral
feeding) might be different to the adult population and
a study is currently underway to develop and validate a version of the POMS for this group.
We would also propose a study to test the hypothesis that
use of the POMS in an environment with more tightly defined
and audited management pathways (in particular for the interventions included within the POMS morbidity definitions)
might be expected to further improve validity and utility.

5. Conclusions
The POMS identified gastrointestinal, infectious, painrelated, pulmonary, and renal problems as the most common sources of morbidity after major surgery in a UK
setting. Many patients remain in hospital despite absence of
postoperative morbidity as defined by the POMS. Screening
for postoperative morbidity using the POMS may be useful
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to identify patients remaining in acute hospital beds unnecessarily. The POMS may have utility as a tool for recording
bed occupancy and for modeling bed utilization.
The POMS is a reliable and valid descriptor of shortterm postoperative morbidity in major surgical patients.
The POMS should not be treated in statistical analyses as
though it is a unidimensional scale. We envisage the POMS
as a component of an integrated system of practice evaluation incorporating tightly defined care pathways and
recording of case-mix (risk) adjusters, postoperative morbidity and mortality, resource utilization (length of hospital
stay, cost), and quality-of-life data. We believe that the
POMS may be a useful tool to inform clinical decision
making, and in clinical governance activities and effectiveness research.

References
[1] Grover FL, Johnson RR, Shroyer AL, Marshall G,
Hammermeister KE. The Veterans Affairs Continuous Improvement
in Cardiac Surgery Study. Ann Thorac Surg 1994;58:1845e51.
[2] Hammermeister KE, Johnson R, Marshall G, Grover FL. Continuous
assessment and improvement in quality of care. A model from the
Department of Veterans Affairs Cardiac Surgery. Ann Surg 1994;
219(3):281e90.
[3] Hattler BG, Madia C, Johnson C, Armitage JM, Hardesty RL,
Kormos RL, et al. Risk stratification using the Society of Thoracic
Surgeons Program. Ann Thorac Surg 1994;58:1348e52.
[4] Daley J, Khuri SF, Henderson W, Hur K, Gibbs JO, Barbour G, et al.
Risk adjustment of the postoperative morbidity rate for the comparative assessment of the quality of surgical care: results of the National
Veterans Affairs Surgical Risk Study. J Am Coll Surg 1997;185(4):
328e40.
[5] Daley J, Henderson WG, Khuri SF. Risk-adjusted surgical outcomes.
Annu Rev Med 2001;52:275e87.
[6] Angelillo IF, Ricciardi G, Nante N, Boccia A, Bianco A, La Torre G,
et al. Appropriateness of hospital utilisation in Italy. Public Health
2000;114(1):9e14.
[7] Bare ML, Prat A, Lledo L, Asenjo MA, Salleras L. Appropriateness
of admissions and hospitalization days in an acute-care teaching
hospital. Rev Epidemiol Sante Publique 1995;43(4):328e36.
[8] Fellin G, Apolone G, Tampieri A, Bevilacqua L, Meregalli G,
Minella C, et al. Appropriateness of hospital use: an overview of
Italian studies. Int J Qual Health Care 1995;7(3):219e25.
[9] Santos-Eggimann B, Paccaud F, Blanc T. Medical appropriateness of
hospital utilization: an overview of the Swiss experience. Int J Qual
Health Care 1995;7(3):227e32.
[10] Bruce J, Russell EM, Mollison J, Krukowski ZH. The measurement
and monitoring of surgical adverse events. Health Technol Assess
2001;5(22):1e194.
[11] Bennett-Guerrero E, Welsby I, Dunn TJ, Young LR, Wahl TA,
Diers TL, et al. The use of a postoperative morbidity survey to evaluate patients with prolonged hospitalization after routine, moderaterisk, elective surgery. Anesth Analg 1999;89:514e9.
[12] Bennett-Guerrero E, Feierman DE, Barclay GR, Parides MK,
Sheiner PA, Mythen MG, et al. Preoperative and intraoperative
predictors of postoperative morbidity, poor graft function, and early
rejection in 190 patients undergoing liver transplantation. Arch Surg
2001;136:1177e83.
[13] Wakeling HG, McFall MR, Jenkins CS, Woods WG, Miles WF,
Barclay GR, et al. Intraoperative oesophageal Doppler guided fluid
management shortens postoperative hospital stay after major bowel
surgery. Br J Anaesth 2005;95:634e42.

928

M.P.W. Grocott et al. / Journal of Clinical Epidemiology 60 (2007) 919e928

[14] American Society of Anesthesiologists. New classification of physical status. Anesthesiology 1963;24:111.
[15] Copeland GP, Jones D, Walters M. POSSUM: a scoring system for
surgical audit. Br J Surg 1991;78:355e60.
[16] Cohen J. A coefficient of agreement for nominal scales. Psychol
Meas 1960;20:37e46.
[17] Kuder GF, Richardson MW. The theory of the estimation of test
reliability. Psychometrika 1937;2(3):151e60.
[18] Nunally JC. Psychometric theory. New York: McGraw-Hill; 1978.
[19] Tugwell P, Judd MG, Fries JF, Singh G, Wells GA. Powering our way
to the elusive side effect: a composite outcome ‘basket’ of predefined
designated endpoints in each organ system should be included in all
controlled trials. J Clin Epidemiol 2005;58(8):785e90.
[20] Wright JG, Feinstein AR. A comparative contrast of clinimetric and
psychometric methods for constructing indexes and rating scales.
J Clin Epidemiol 1992;45:1201e18.
[21] Fava GA, Belaise C. A discussion on the role of clinimetrics and the
misleading effects of psychometric theory. J Clin Epidemiol
2005;58(8):753e6.
[22] Vogt A, Stieger DS, Theurillat C, Curatolo M. Single-injection
thoracic paravertebral block for postoperative pain treatment after
thoracoscopic surgery. Br J Anaesth 2005;95:816e21.
[23] de BJV, Winemaker MJ, Donnelly GA, Miceli PC, Reiz JL,
Harsanyi Z, et al. Efficacy and safety of controlled-release oxycodone
and standard therapies for postoperative pain after knee or hip
replacement. Can J Surg 2005;48(4):277e83.
[24] Kizilkaya M, Yildirim OS, Ezirmik N, Kursad H, Karsan O. Comparisons of analgesic effects of different doses of morphine and
morphine plus methylprednisolone after knee surgery. Eur J Anaesthesiol 2005;22(8):603e8.
[25] McMahon AJ, Russell IT, Ramsay G, Sunderland G, Baxter JN,
Anderson JR, et al. Laparoscopic and minilaparotomy cholecystectomy: a randomized trial comparing postoperative pain and pulmonary function. Surgery 1994;115:533e9.
[26] Motamed C, Bouaziz H, Franco D, Benhamou D. Analgesic effect
of low-dose intrathecal morphine and bupivacaine in laparoscopic
cholecystectomy. Anaesthesia 2000;55(2):118e24.
[27] Chung F, Mezei G. Factors contributing to a prolonged stay after
ambulatory surgery. Anesth Analg 1999;89:1352e9.
[28] Gan TJ, Soppitt A, Maroof M, el-Moalem H, Robertson KM,
Moretti E, et al. Goal-directed intraoperative fluid administration reduces length of hospital stay after major surgery. Anesthesiology
2002;97:820e6.
[29] Mythen MG, Webb AR. Intra-operative gut mucosal hypoperfusion
is associated with increased post-operative complications and cost.
Intensive Care Med 1994;20(2):99e104.
[30] Lang M, Niskanen M, Miettinen P, Alhava E, Takala J. Outcome and
resource utilization in gastroenterological surgery. Br J Surg 2001;88:
1006e14.
[31] Collins TC, Daley J, Henderson WH, Khuri SF. Risk factors for
prolonged length of stay after major elective surgery. Ann Surg
1999;230:251e9.
[32] Mythen MG. Postoperative gastrointestinal tract dysfunction. Anesth
Analg 2005;100:196e204.

[33] Coello R, Charlett A, Wilson J, Ward V, Pearson A, Borriello P.
Adverse impact of surgical site infections in English hospitals.
J Hosp Infect 2005;60(2):93e103.
[34] Askarian M, Gooran NR. National nosocomial infection surveillance
system-based study in Iran: additional hospital stay attributable to
nosocomial infections. Am J Infect Control 2003;31(8):465e8.
[35] Merle V, Germain JM, Chamouni P, Daubert H, Froment L, Michot F,
et al. Assessment of prolonged hospital stay attributable to surgical
site infections using appropriateness evaluation protocol. Am J Infect
Control 2000;28(2):109e15.
[36] Kirkland KB, Briggs JP, Trivette SL, Wilkinson WE, Sexton DJ. The
impact of surgical-site infections in the 1990s: attributable mortality,
excess length of hospitalization, and extra costs. Infect Control Hosp
Epidemiol 1999;20(11):725e30.
[37] Smith RL, Bohl JK, McElearney ST, Friel CM, Barclay MM,
Sawyer RG, et al. Wound infection after elective colorectal resection.
Ann Surg 2004;239:599e605.
[38] Lee TH, Marcantonio ER, Mangione CM, Thomas EJ,
Polanczyk CA, Cook EF, et al. Derivation and prospective validation
of a simple index for prediction of cardiac risk of major noncardiac
surgery. Circulation 1999;100:1043e9.
[39] Zeldin RA. Assessing cardiac risk in patients who undergo noncardiac surgical procedures. Can J Surg 1984;27:402e4.
[40] Larsen SF, Olesen KH, Jacobsen E, Nielsen H, Nielsen AL,
Pietersen A, et al. Prediction of cardiac risk in non-cardiac surgery.
Eur Heart J 1987;8(2):179e85.
[41] Ashton CM, Petersen NJ, Wray NP, Kiefe CI, Dunn JK, Wu L, et al.
The incidence of perioperative myocardial infarction in men undergoing noncardiac surgery. Ann Intern Med 1993;118(7):504e10.
[42] Higham H, Sear JW, Neill F, Sear YM, Foex P. Peri-operative silent
myocardial ischaemia and long-term adverse outcomes in noncardiac surgical patients. Anaesthesia 2001;56(7):630e7.
[43] Oscarsson A, Eintrei C, Anskar S, Engdahl O, Fagerstrom L,
Blomqvist P, et al. Troponin T-values provide long-term prognosis
in elderly patients undergoing non-cardiac surgery. Acta Anaesthesiol
Scand 2004;48:1071e9.
[44] Castaldi S, Ferrari MR, Sabatino G, Trisolini R, Auxilia F. Evaluation
of the appropriateness of hospital use: the case of IRCCS Ospedale
Maggiore di Milano, Italy]. Ann Ig 2002;14(5):399e408.
[45] Gertman PM, Restuccia JD. The appropriateness evaluation protocol:
a technique for assessing unnecessary days of hospital care. Med
Care 1981;19:855e71.
[46] Harvey I, Jenkins R, Llewellyn L. Enhancing appropriateness of
acute bed use: role of the patient hotel. J Epidemiol Community
Health 1993;47(5):368e72.
[47] Restuccia JD, Kreger BE, Payne SM, Gertman PM, Dayno SJ,
Lenhart GM. Factors affecting appropriateness of hospital use in
Massachusetts. Health Care Financ Rev 1986;8(1):47e54.
[48] Restuccia JD, Gertman P. A comparative analysis of appropriateness
of hospital use. Health Aff (Millwood) 1984;3(2):130e8.
[49] Alijani A, Hanna GB, Ziyaie D, Burns SL, Campbell KL,
McMurdo ME, et al. Instrument for objective assessment of appropriateness of surgical bed occupancy: validation study. BMJ
2003;326(7401):1243e4.

