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Abstract

Background The ability to predict who will develop
perioperative complications remains difficult because the
etiology of adverse events is multifactorial. This study
examines the preoperative and postoperative ability of the
surgeon to predict complications and assesses the signifi-
cance of a change in prediction.

Methods This was a prospective study of 1013 patients.
The surgeon assessed the risk of a major complication on a
100-mm visual analog scale (VAS) immediately before and
after surgery. When the VAS score was changed, the sur-
geon was asked to document why. Patients were assessed
up to 30 days postoperatively.

Results Surgeons made a meaningful preoperative pre-
diction of major complications (median score = 27mm vs.
19mm, p < 0.01), with an area under the receiver operating
characteristic curve of 0.74 for mortality, 0.67 for major
complications, and 0.63 for all complications. A change in
the VAS score postoperatively was due to technical reasons
in 74% of stated cases. An increased VAS score identified
significantly more complications, but the improvement in
the discrimination was small. When included in a multi-
variate model for predicting postoperative complications,
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the surgeon’s VAS score functioned as an independent
predictive variable and improved the predictive ability,
goodness of fit, and discrimination of the model.
Conclusions Clinical assessment of risk by the surgeon
using a VAS score independently improves the prediction
of perioperative complications. Including the unique con-
tribution of the surgeon’s clinical assessment should
be considered in models designed to predict the risk of
surgery.

Accurate assessment of the risk of surgery has significant
implications for the patient, surgeon, and the health care
provider. This may influence decisions about surgery,
including deciding between surgical and nonsurgical
treatment and the type of operation that will be undertaken.
Identifying a group of high-risk patients may also influence
perioperative management, with particular care being taken
to prevent postoperative complications in high-risk pa-
tients. On an institutional level, accurate clinical identifi-
cation of perioperative risk may help to quantify the
complexity of work being undertaken. This may therefore
provide a method for documenting a risk-adjusted outcome
for different health care providers [1].

As many factors contribute to perioperative complica-
tions, the prediction of complications in an individual pa-
tient is problematic. Important contributing factors include
medical comorbidity, sepsis, malnutrition, the acuteness of
surgery, the extent and complexity of surgery, the type of
anesthesia, postoperative care, the magnitude of the
underlying pathology, institutional and surgeon volumes,
system problems that may vary from institution to institu-
tion, and random events. It is therefore not surprising that
individual preoperative predictors of risk identify only a
subgroup of high-risk patients [2] and that a careful clinical
assessment, noting cardiorespiratory disease, preexisting
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sepsis, and nutritional status, has been demonstrated to be
as effective as any other single preoperative indicator [2].

A number of scoring systems, which combine multiple
predictors of risk, have been developed. These represent a
significant advance when compared with individual pre-
operative predictors. Examples include POSSUM (Physi-
ological and Operative Severity Score for the Enumeration
of Mortality and Morbidity) [3, 4], APACHE (Acute
Physiology and Chronic Health Evaluation) [5, 6], the
Surgical Risk Scale [7], the Complexity and Risk-adjusted
model [8], the Veterans Affairs Surgical Risk Model [9,
10], the Association of Coloproctologists of Great Britain
and Ireland (ACPGBI) Colorectal Cancer Model [11], the
Risk Scoring System [12], and the Multifactorial Preoper-
ative Risk Index [13]. Scoring systems have also been
developed specifically for cardiac surgery [14]. These
scoring systems have limitations when it comes to influ-
encing preoperative decision-making and patient manage-
ment. Reasons for this include the scoring system being
designed for comparative surgical audit rather than for
helping with the prospective management of an individual
patient [4, 7, 8, 10], the use of intraoperative factors and
postoperative pathology results in generating the score [4,
11], the model being specifically designed for a single
disease entity [11] or only for intensive care unit use [6],
the model assessing mortality but not morbidity [6, 7, 11],
and some scoring systems having a reduced accuracy be-
yond the environment in which they were generated [15,
16].

None of these scoring systems included a clinical pre-
diction of risk by the surgeon. The surgeon’s prediction of
risk is an ‘‘educated’’ assessment based on clinical expe-
rience and a precise knowledge of the clinical scenario.
Although this is ‘‘subjective,”’ it can be quantified by the
use of a visual analog scale (VAS), which transforms the
global assessment of risk into a quantitatively useful
number [1]. Potential advantages of the surgeons’ risk
assessment include it being tailored to the individual sur-
geon, being able to synthesize multiple risk factors, and
having the potential to incorporate factors that would
otherwise be difficult to quantify.

It has been suggested that a comparison of the VAS
score immediately before and after surgery can identify
important technical intraoperative events that contribute to
perioperative complications [17]. The importance of
technical expertise in preventing adverse events is well
recognized [18-20] and is a fundamental principle
underpinning surgical training programs, surgical sub-
specialization [21], and studies examining the relationship
between surgical volume and outcomes [22, 23]. Changes
in the VAS score may be one way for important intra-
operative events related to surgical technique to be
identified.

This prospective study attempts to assess how good the
surgeon is at predicting complications. It looks at the im-
pact of a change in prediction after the surgery has been
completed and then goes on to evaluate the usefulness of
adding the surgeon’s VAS scores to a multivariate model
for predicting perioperative complications.

Patients and methods

This prospective observational study involved 1013 con-
secutive patients undergoing abdominal surgery, who were
also eligible for entry into a study on prophylactic antibi-
otic use [24]. Patient consent was obtained for both studies.
The surgeons prospectively estimated the risk of a major
complication on a 100-mm VAS in the operating room
immediately before and after surgery (Fig. 1). If the score
was changed postoperatively, the surgeon was asked to
document the reason for the change. For purposes of
analysis a change of greater than 5 mm was categorized as
a change in the prediction of a major complication. The
VAS prediction of major complications was available only
in the operating room and was not used to directly influ-
ence patient management in any way.

Data on other patient risk factors, including the 12
variables used in the Complexity and Risk Adjusted model
[8], were prospectively collected in all patients. Clinical
evaluation for complications was performed daily by the
surgical team and clinical research nurse until hospital
discharge. All patients were reviewed at a minimum of 30
days postoperatively, either as an inpatient, as an outpatient
at a surgical clinic, or by telephone by the research nurse
using a standardized questionnaire. The surgical audit was
checked to ensure that all complications were included in
the final study results.

Assessment of the Risk of a Major complication

Preoperative Assessment

Place and “X" onthe line according to your assessment of risk before the operation
Low Risk High Risk
Postoperative Assessment

Place and “X" on the line according to your assessment of risk after the operation

Low Risk High Risk

Change in Risk Assessment
Ifthe p perative risk 15
give your reason for change

*

nged from the precperative assessment please

Fig. 1 Visual analog scale
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Major complications were defined as complications
resulting in death or major morbidity. Major morbidity [2,
17] included myocardial infarction, major arrthymias,
cerebrovascular accidents with permanent neurologic
damage, respiratory failure, renal failure, gastrointestinal
bleeding, deep venous thrombosis, pulmonary embolus,
bowel obstruction, anastomotic leak, intra-abdominal ab-
scess formation, septicemia, wound dehiscence, and any
cause for reoperation. All complications also included
minor morbidity. Minor morbidity [2, 17] included atrial
fibrillation, transient ischemic attack, minor bleeding,
superficial thrombophlebitis, confusion, ileus, wound
infection, wound hematoma, urinary retention, urinary
infection, chest infection, atelectasis, diarrhea, and febrile
morbidity. A case with more than one complication was
assigned to its most major complication. The study was
approved by the institution’s ethics committee.

The Mann-Whitney U test was used to compare the
VAS score of patients with a complication against those
without a complication. The accuracies of the different
methods for predicting complications were compared using
receiver operating characteristic (ROC) curves. Point sen-
sitivity and specificity were calculated at each 10% interval
for the study population. The area under the curve (AUC)
was then calculated.

The surgeons’ VAS score was combined with the
Complexity and risk adjusted model [8] for predicting the
outcome of surgery. As this model is based on variables
prospectively collected on the Otago Surgical Audit for
General Surgery [25], we subsequently refer to this as the
Otago Audit Model. To enable the VAS score to be com-
bined with the Otago Audit Model, the grades of compli-
cations were redefined according to the defined severity of
complications used in the model [8, 25]. Logistic regres-
sion analysis was performed using SAS version 6.12 (SAS
Institute, Cary, NC, USA) with the Otago Audit Model
variables. The surgeons’ VAS score was then added as a
prognostic variable with four categories. The model was
then optimized for the patient population included in this
study, and the VAS score was again added as a prognostic
variable with four categories. A correlation matrix was
used to check for possible interactions between the vari-
ables included in the logistic regression analysis and the
presence of multicollinearity was checked using variance
inflation factors.

Results

The preoperative VAS score for a major complication was
completed in 1013 patients and the postoperative VAS
score in 1011 patients. One of the two patients without a
postoperative VAS score developed a wound infection.
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Patient demographics, the types of procedures performed,
and the causes of death and major morbidity are presented
in Table 1.

There was a significant difference in the surgeons’
preoperative VAS score between the patients who did
and did not develop a complication (Table 2). This was
also observed for the surgeons’ postoperative VAS
scores. The more severe the complication, the greater the
difference in the risk prediction. For example, the dif-
ference in the median postoperative VAS score between
those with and without a complication was 20 mm when
the patient died, 15 mm for a major complication, and 7
mm for any complication. There was no significant dif-
ference in the frequency of major complications for
either of the antibiotics that patients were randomized to
receive.

The surgeons’ VAS score for complications was in-
creased postoperatively in 174 patients, not changed in
709, and decreased in 128. The predictive value of
changing the VAS score is shown in Table 3. Patients with
an increase in VAS score had a higher mortality rate (6.3%
vs. 2.4%, p = 0.006), ‘‘major complication’’ rate (20.1%
vs. 11.0%, p = 0.001), and ‘‘all complication’’ rate (48.3%
vs. 34.3%, p = 0.001) than those with no change or a
decreased VAS score. The increase in complications
predicted after surgery was significant for the group of
patients with a low preoperative VAS score (below the

Table 1 Patient demographics, type of surgery, causes of death, and
major morbidity

Category Number Category Number

Demographics Complications

Men:Women 488:533  Mortality 31

Age: Median (range) 52 (8-91) Main cause of mortality

Acuteness of surgery Sepsis 4
Elective 470 Cardiac 7
Urgent 291 Vascular 3
Emergency 252 Respiratory 6

Types of surgical procedure Renal 3
Upper gastrointestinal 65 Stroke 2
Gallbladder + bile duct 126 Advanced malignanacy 6
Liver, spleen, pancreas 34 Major morbidity 96
Small bowel 75 Main causes of major morbidity
Appendix 247 Sepsis 34
Colorectal 292 Cardiac 11
Hernias 22 Hematologic 10
Vascular 79 Respiratory 5
Gynecologic 38 Gastrointestinal 10
Other 35 Wound deihiscence 2

Types of pathology Other 24
Malignancy 476
Inflammatory 456 Minor morbidity 245
Other 81
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Table 2 Surgeons’ VAS scores for patients with and without complications

Preoperative scores

Postoperative scores

Mortality vs. no mortality

Number 31

Mean (SD) 41.5 21.4)

Median (range) 42 (5-74)

p value p < 0.001
Major complication vs. no major complication

Number 127

Mean (SD) 32.9 (18.8)

Median (range) 27 (2-80)

p value p < 0.001
All complications vs. no complications

Number 372

Mean (standard deviation) 28.9 (18.3)

Median (range) 24 (1-87)

p value p < 0.001

982 31 980
23.6 (16.3) 45.9 (26.1) 25.2 (18)
20 (0-94) 40 (12-98) 20 (0-85)
886 127 884

22.9 (16) 37.3 (22.2) 24.2 (17.5)
19 (0-94) 35 (0-98) 20 (0-95)
641 371 640

21.4 (15.1) 31.8 (21) 22.4 (16.2)
18 (0-94) 25 (0-98) 18 (0-85)

Major complication is mortality and major morbidity. All complications is mortality, major morbidity, and minor morbidity. The Mann-Whitney
U test was used for comparison of those with and without complications.

SD = standard deviation.

Table 3 Correlation between change in the VAS score at the com-
pletion of surgery and the incidence of perioperative complications

Mortality Major All
complications complications
Increase in score 11/174 35/174 84/174
(6.3%) (20.1%) (48.3%)
No change in score  16/709 79/709 236/709
(2.3%) (11.1%) (33.3%)
Decrease in score 4/128 13/128 51/128
(3.1%) (10.2%) (39.8%)
p value* 0.021 0.004 <0.001

#3 % 2§y test.

median of 20 mm), but it did not reach significance in the
patients for whom the preoperative score was already
“‘high’’ (above the median of 20 mm; Fig. 2). The increase
in the VAS score identified an additional 6 (19%) deaths,
13 (10%) ‘‘major complications,”” and 20 (5%) ‘‘all
complications.”” The major complication rate when the
postoperative VAS score was increased between 5 and 9
mm was 15.6% (7 of 45); between 10 and 29 mm it was
20.9% (18 of 86); and by 30 mm or more it was 25% (11 of
44). Although both the extent of change and the final
predictive VAS score helped to predict complications, the
major complication rate was more closely predicted by the
surgeons’ postoperative VAS score (a score of < 20 or > 65
having a major complication rate of 9% and 40%,
respectively). The morbidity after decreasing the surgical
VAS score was the same as when this was not changed.

The discrimination of the surgeons’ prediction of com-
plications was measured using the area under the ROC curve.
For preoperative prediction this was 0.74 for mortality, 0.67
for major complications, and 0.64 for all complications. For
postoperative prediction this was 0.75 for mortality, 0.69 for
major complications, and 0.65 for all complications. The
ROC curves for the preoperative prediction of major com-
plications are presented in Figure 3. The accuracy of the
prediction of major complications was not influenced by the
experience of the operating surgeon (being the same for
consultants and registrars). The likelihood ratios for both the
preoperative and the postoperative prediction were similar
up to a VAS score of 60 mm, being 1.6, 2.3, and 3.1 for a
score of 220 mm, 50 mm, and 60 mm, respectively. For a
score of 270 mm, the likelihood ratio was 3.7 preoperatively
and 4.5 postoperatively. With a pretest probability for major
complications of 12.5%, the probabilities of a major com-
plication were 19% (20 mm), 29% (50 mm), 40% (60 mm),
46% (preoperative prediction 270 mm), and 56% (postop-
erative prediction 270 mm) The discrimination of the sur-
geons’ VAS score in predicting major complications was
similar to other single significant predictors of complications
such as the patient’s age and the duration of surgery (Fig. 3).

All patients had a complete collection of the Otago
clinical audit data set (Table 4). When applied to the Otago
Audit Model [8] for all general and vascular surgery, there
was a marginal fit (Table 4, Hosmer-Lemeshow statistic,
p = 0.056). The patient’s age, the duration of surgery, and
the acuteness of the surgery were the strongest predictors
of complications. The addition of the surgeons’ preopera-
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Fig. 2 Flow diagram
demonstrating the influence of
changes in the VAS score for
patients considered to have a
higher and a lower preoperative
risk. Low risk = up to and
including the median score of
20 mm. High risk = above the
median score of 20 mm. p value
for an increased postoperative
assessment is for major
complications using the Xz test
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Fig. 3 Receiver operating characteristic curves for the surgeon’s
preoperative prediction of complications using a visual analog scale.
A Preoperative prediction and the ROC curves for different severity
of postoperative complications. () Mortality, AUC = 0.74. (A)
Major complications, AUC = 0.67. (@) All complications,

tive VAS score resulted in both improved discrimination
and goodness of fit (Hosmer-Lemeshow statistic, p =
0.374). The odds ratios for a VAS score of 0-19, 20-39,
40-59, and 260 mm were 1, 1.6, 2.0, and 3.3, respectively.
The Otago Audit Model was then refined for inpatient
abdominal surgery. Steps in developing the model included
redefining the organ systems and removing variables that
did not significantly contribute on logistic regression
analysis. The prognostic variables retained include age,
acuteness of surgery, duration of surgery, the number
of operations, and the organ system being operated on

@ Springer

Preoperative
Assessment

Postoperative
Assessment

Increased Risk, n=87
7 deaths (8%)

23 Complications (26%)
p=0.085

High Risk, n =477
24 deaths (5%)
88 Major Complications (18%)

Same Risk, n =294
t 14 deaths (5%)
55 Complications (19%)

Reduced Risk, n=95
3 deaths (3%)
10 Complications (10.5%)

Increased Risk, n =87
4 deaths (5%)
13 Complications (15%)

p=0.028 I"

4 Same Risk, n=416
Low risk, n = 536 2 deaths

7 deaths (1.3%) 24 Complications (6%)
39 Major Complications (7%)

Reduced Risk, n= 32
1 death
2 Complications (6%)
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AUC = 0.64. B ROC curve for preoperative prediction of major
complications compared with the ROC curves for other predictors of
complications. (0) Age, AUC = 0.69. (@) VAS score, AUC = 0.67.
() Duration of surgery, AUC = 0.64

(hepatobiliary, gastrointestinal, vascular, and a low-risk
group including appendix, hernia, and gynecology). The
predictive ability, goodness of fit, and discrimination of the
model optimized for abdominal surgery was again further
improved with the inclusion of the surgeons’ preoperative
VAS score. When the postoperative VAS score was used,
there was an additional small improvement in the dis-
crimination of the model (AUC = 0.78). No collinearity
was present between the surgeons’ VAS score and any of
the other prognostic variables used in the Otago Audit
Model (variance inflation factors <2).
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Table 4 Otago Audit Model for general surgery and adjusted for abdominal surgery, with and without incorporation of the surgeons’ VAS score

Prognostic variable Category Prevalence General surgery model Abdominal surgery model
% Model Adding VAS Model Adding VAS
Age (years) 0-39 31.5 1 1 1 1
40-69 43.2 1.6 (0.9-2.8) 1.5 (0.9-2.6) 1.2 (0.7-2.0) 1.1 (0.6-1.9)
70-74 114 3.2 (1.7-6.3) 2.7 (1.4-5.4) 2.2 (1.2-4.2) 1.9 (1.0-3.6)
>75 13.9 5.0 (2.7-9.3) 44 (2.4-8.3) 3.3 (1.8-6.1) 2.9 (1.6-5.4)
Sex Female 47.7 1 1
Male 523 1.1 (0.8-1.5) 1.1 (0.8-1.6)
Timing Arranged 46.6 1 1 1 1
Urgent 28.4 2.1 (1.2-3.7) 2.2 (1.2-3.7) 1.5 (1.0-2.3) 1.5 (1.0-2.3)
Emergency 25.0 3.8 (1.9-7.7) 3.5 (1.7-7.1) 24 (1.5-3.7) 2.2 (1.4-3.4)
Admission Elective 50.0 1.7 (0.9-3.0) 1.8 (1.0-3.3)
Acute 50.0 1 1
Wound category Clean or clean 49.6 1 1
contaminated
Contaminated or dirty 50.4 1.1 (0.8-1.7) 1.1 (0.7-1.6)
Duration of operation  0-59 32.0 1 1 1 1
(min) 60-119 41.8 1.6 (0.9-2.7) 1.7 (1.0-2.8) 1.4 (0.8-2.3) 1.3 (0.8-2.2)
120-179 15.8 1.9 (1.0-3.5) 2.0 (1.0-3.7) 1.6 (0.9-2.8) 1.5 (0.8-2.7)
=180 104 6.0 (3.0-12.7) 59 (2.9-124) 4.8 (2.6-9.2) 42 (2.2-8.1)
Operation category Intermediate 27.0 1 1
Major 2 52.9 1.2 (0.6-2.5) 0.9 (0.5-1.9)
Major 1 20.1 1.3 (0.6-3.1) 0.9 (0.4-2.2)
Number of operations 1 99.3 1 1 1 1
>1 0.7 3.6 (0.7-20.6) 3.1 (0.5-18.7) 5.8 (1.1-32.7) 5.0 (0.9-29.1)
Operator Registrar 54.1 1 1
Consultant 45.9 1.4 (1.0-2.1) 1.3 (0.9-2.0)
Preoperative stay (days) <3 87.3 1 1
>3 12.7 1.0 (0.6-1.7) 1.0 (0.6-1.6)
Organ system Gallbladder, liver, 16.4 1 1
pancreas, spleen
Gastrointestinal 68.5 1.5 (0.9-2.6) 1.4 (0.8-2.4)
Gynecologic, orthopedic, 7.7 1.3 (0.6-2.8) 1.3 (0.6-2.8)
miscellaneous
Vascular 7.4 1.6 (0.7-3.4) 1.6 (0.7-3.5)
Appendix, gynecologic, 1 1
hernia
Hepatobiliary 1.6 (0.7-3.6) 1.5 (0.7-3.4)
Gastrointestinal 3.7 (1.9-7.2) 3.0 (1.6-6.0)
Vascular 4.1 (1.7-9.9) 3.5 (1.4-8.6)
Preoperative risk (mm) 0-19 47.6% 1 1
20-39 343 1.6 (1.1-2.4) 1.5 (1.0-2.2)
40-59 12.7 2.0 (1.2-3.3) 1.8 (1.1-3.0)
>60 5.5 3.3 (1.7-6.7) 2.7 (1.4-5.3)
;(2 for covariates 154.5 with 19 DF, 169.3 with 22 DF, 160.7 with 12 DF, 172.2 with 15 DF,
p = 0.0001 p = 0.0001 p = 0.0001 p = 0.0001
Hosmer-Lemeshow 15.1 with 8 DF, 8.6 with 8 DF, 6.1 with 8DF, 3.9 with 8DF,
goodness of fit p =0.056 p=0374 p =0.631 p =0.863
Area under ROC curve 0.76 0.77 0.76 0.77

Logistic regression analysis presenting adjusted odds ratios for prognostic variables Values in parentheses are 95% confidence intervals. DF =

degrees of freedom

@ Springer



1918

World J Surg (2007) 31:1912-1920

Table 5 Reasons given by the surgeon for changing the VAS score
for major complications

Category Increased Decreased Total
risk risk

Number of cases with change 174 128 302
in risk

Reason stated 132 53 185

Reason not stated 42 75 117

Reasons given for change
in VAS score
Number of reasons 181 60 241
Number of cases with 36 4 40
>1 reason

Technical reasons 133 44 177
Length of operation 16 3 19
Difficulty of surgery 23 23 46
Size/extent of operation 23 12 35
Anastomotic Issues 19 3 22
Contamination (GI & Biliary) 29 3 32
Bleeding 7
Injury to organ 13
Other 3

Extent of disease 43 16 59
Contamination/sepsis 16 6 22
Gastrointestinal Ischaemia 6 3 9
Malignancy 18 4 22
Other, including wrong 3 3 6
diagnosis

Anesthetic/medical 5 5

Of the reasons given for changing the VAS score post-
operatively, 74% were categorized as technical, 24% as
disease related, and 2% as anesthetic or medical (Table 5).
As more than one reason was sometimes stated, technical
and disease-related reasons were present in 77% and 32%
of patients, respectively, when a reason was given. The six
main technical reasons included the procedure being more
technically demanding than anticipated, the procedure
being more extensive than expected, gastrointestinal or
biliary contamination, anastomotic issues, duration of sur-
gery, and injury to an intra-abdominal organ (intestine 8,
spleen 4, bile duct 1). It was not documented whether the
reason given for increasing the postoperative score was
inevitable, was contributed to by ‘‘a lack of technical
expertise,”” or due to a technical error. In a number of cases
the stated technical reason was unavoidable. The main
disease-related reasons for changing the VAS score were
the extent of sepsis, the extent to which the underlying
malignancy had spread, and a new diagnosis of intestinal
ischemia. No reason was given for a change in the VAS
score in 38.7% of cases. In these cases the magnitude of the
change was less than when a reason was stated (p < 0.001)
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and was more likely to be in a downward direction (p <
0.001).

Discussion

This study demonstrates that when asked to predict the
likelihood of a major complication using a visual analog
scale, surgeons are able to make a meaningful prediction of
perioperative risk. The more severe the complication, the
more likely it will be predicted.

So how useful is the surgeons’ global VAS prediction of
complications? This was demonstrated to be as useful as
other individual indicators of risk, such as age and the
duration of surgery (Fig. 3). It was not, however, sensitive
or specific enough when used on its own to reliably de-
scribe surgical risk or to be used to influence perioperative
decision-making. Not surprisingly, the VAS score, as for
other single predictors of risk, did not perform as well as
models that use multiple risk factors. The VAS score’s
AUC for mortality and major complications of 0.74 and
0.67, respectively, compares to values in multifactorial
models of 0.75-0.93 [4, 5, 7, 11] for 30-day mortality and
of 0.82-0.86 [4, 8] for major complications.

When the surgeons’ risk assessment was incorporated
into a multifactorial model for predicting the outcome of
surgery, it made an important contribution to the model.
The objective of studying the contribution of the surgeons’
VAS score to a multifactorial model was to assess if this
was a statistically significant independent predictor of risk,
or if it was dependent on other recognized risk factors. The
Otago Audit Model was chosen because it had been
developed by our group, peer reviewed, and had been
shown to as good a predictor as other published and more
complex models. The model is based on 12 easily collected
clinical and operative variables (rather than physiologic or
laboratory variables) that are low cost and almost univer-
sally recorded. The model was designed on a general sur-
gical data set, which included inpatient and day-surgery
cases and a wide case mix with breast, vascular, trauma,
and hernia surgery as well as abdominal surgery. The
model encourages adjusting the weights of the prognostic
variables for each data set to which it is applied [8]; it was
adjusted in this study for inpatient abdominal surgery.
Although the Otago Audit Model’s discrimination was
modest, the addition of the VAS score resulted in an
improvement in prediction, an improved goodness of fit,
and a further modest improvement in the discrimination of
the model. One reason the VAS score improves the model
is because of the absence of collinearity between the sur-
geons’ VAS score and the other prognostic variables. This
was an important and unexpected finding. It was unex-
pected because we had anticipated that the surgeons’ VAS
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score would draw on other known prognostic factors.
However, a surgeon’s risk assessment also allows for the
incorporation of additional information such as the sur-
geon’s experience, a global assessment of the patient, the
quality of hospital care and support services, and specific
unique or infrequent patient problems that would not im-
pact on a generalized model. Multifactorial models are
based on variables that occur at a sufficient frequency to
have an impact on the probability prediction of the model,
e.g., age, ASA, and the urgency of surgery. Although such
factors may not be critical to an individual patient, over a
population their importance is reinforced. However,
important but low-frequency clinical events such as liver
cirrhosis, severe morbid obesity, or a recent myocardial
infarction, which are important risk factors for the indi-
vidual patient, are usually not included in established
models, as they would make the model impossibly com-
plex. This results in important risk factors that occur at a
low frequency not being captured. We would suggest that
the surgeon’s risk assessment in the VAS score identify and
appropriately weight these clinical events. The surgeon’s
VAS score, by capturing a variety of infrequent but critical
factors, has the potential to add greater flexibility and
accuracy to multifactorial models designed to predict
perioperative complications.

How important is it when the surgeon changes the VAS
score at the completion of surgery? This study demon-
strated that when the surgeon increased the VAS score
there was a statistically significant doubling of the rate of
major complications. This confirms that what the surgeon
sees and does intraoperatively is important in determining
the outcome of surgery. In a similar study [24] this
observation was interpreted as indicating shortcomings in
operative skills and the importance of dealing with this to
reduce surgical complications. This may be an oversim-
plification. In our study 75% of the reasons for changing
the score were technical in nature, but whether these were
unavoidable or related to lack of technical proficiency or
due to technical error was not evaluated. More work is
therefore required to understand the component of surgical
competency within the VAS score. Whatever the cause for
an increase in the VAS score, the impact was important in
the individual cases where this occurred. The increase in
complications was most evident in the preoperative low-
risk group, where an unexpected event is of greater relative
consequence than it is for those in the high-risk group.
These preoperative low-risk patients ended up having a
similar major complication rate and mortality rate to those
in the preoperative higher-risk group (Fig. 2). Despite this,
changing the score predicted only 10% of all the major
complications, resulting in a small improvement in the
overall predictive ability of the postoperative VAS score.

We identified three studies that looked at preoperative
[2, 17, 26] risk assessment with a clinical VAS score. In the
two small studies [2, 17] the global assessment or ‘‘gut
feeling’’ of the surgeon immediately before surgery was
not significantly associated with complications; however, a
more structured clinical assessment that looked at cardio-
respiratory disease, preexisting sepsis, and nutritional sta-
tus was. In the third study [26] of over 1000 patients, the
VAS score, ASA grade, the patient’s age, and a procedural
magnitude score were all significantly correlated with ad-
verse events, with the VAS score being the most successful
discriminator for severe adverse events. In our study the
VAS score, age, and duration of surgery were similar in
their predictive ability. These studies all suggest that a
careful structured assessment is likely to result in a more
accurate preoperative prediction of risk than an intuitive
assessment alone. Three studies that looked at a postop-
erative assessment by the surgeon were also identified [17,
27, 28]. In all three studies, as well as in our own study, the
postoperative assessment of risk by the surgeon was highly
predictive of complications. In two studies the clinical
prediction was noted to be comparable to POSSUM [27,
28]. Although no comparison was made with POSSUM in
our study, we have shown that the surgeons’ score can
enhance the predictive power of these structured assess-
ment tools.

What is surprising is that the surgeon’s viewpoint has
not been given more consideration in the many risk-scoring
systems for surgery [4, 5, 7, 11]. Our study, by demon-
strating the lack of collinearity between the surgeon’s
assessment and the more commonly used predictors,
should encourage further attempts to integrate the sur-
geon’s VAS score into other validated risk models in an
attempt to improve them. Similarly, the impact of unex-
pected events at the time of surgery appears to be rather
neglected in risk assessment and further work to evaluate
these events from the perspectives of risk management and
quality improvement is warranted. The VAS score may
also be a useful way to identify a high-risk group of pa-
tients for an additional medical or therapeutic intervention.
Finally, identifying the comorbidities and surgical risk of
the case mix of different health care providers is difficult
and may be helped by using a quantifiable clinical mea-
surement such as the VAS score.

Although risk assessment by the surgeon has been
shown to be a useful predictor of outcome, these results do
need to be further validated because there is no guarantee
that another group of surgeons will obtain the same result.
More observations are required in other contexts and in
different surgical disciplines to determine the repeatability
and general applicability of the surgeons’ VAS score. The
prospective performance of multifactorial models that
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incorporate the surgeons’ score should also be further
tested.
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