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Background: Accurate and early identification of high-risk sur-
gical patients with perforated peptic ulcer (PPU) is important for
triage and risk stratification. The objective of the present study
was to develop a new and improved clinical rule to predict
mortality in patients following surgical treatment for PPU.
Methods: Design: nationwide cohort study based on prospec-
tively collected data. Setting: thirty-five hospitals in Denmark.
Patients: a total of 2668 patients surgically treated for gastric or
duodenal PPU between 1 February 2003 and 31 August 2009.
Outcome measure: 30-day mortality.
Results: We derived a new clinical prediction rule for 30-day
mortality and evaluated and compared its prognostic perform-
ance with the American Society of Anaesthesiologists (ASA) and
Boey scores. A total of 708 patients (27%) died within 30 days of
surgery. The Peptic Ulcer Perforation (PULP) score – comprised
eight variables with an adjusted odds ratio of more than 1.28: 1)
age > 65 years, 2) active malignant disease or AIDS, 3) liver

cirrhosis, 4) steroid use, 5) time from perforation to admission
> 24 h, 6) pre-operative shock, 7) serum creatinine > 130 mM, and
8) the four levels of the ASA score (from 2 to 5). The score
predicted mortality well (area under receiver operating charac-
teristics curve (AUC) 0.83). It performed considerably better
than the Boey score (AUC 0.70) and better than the ASA score
alone (AUC 0.78).
Conclusion: The PULP score accurately predicts 30-day mor-
tality in patients operated for PPU and can assist in risk stratifi-
cation and triage.
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Mortality and morbidity following perforated
peptic ulcer (PPU) is substantial, and mortal-

ity proportions of 25–30% have been reported in
population-based studies.1–5

A large number of prognostic factors for morbid-
ity and mortality following PPU have been
reported,3,5–8 and a number of clinical prediction
rules have been proposed for prognostic prediction
and research purposes.9–14 The most well-known
prediction rule in PPU patients is the Boey score,
which seeks to predict mortality based on the pres-
ence of major medical illness, pre-operative shock,
and perforation longer than 24 h.15 In the original
study by Boey et al., the in-hospital mortality pro-
portion increased progressively with the number of
prognostic variables, being 0%, 10%, 45.5%, and

100% in patients with none, one, two, or all three
variables, respectively. The Boey score has been
re-evaluated in a number of relatively small (n < 450)
and single-centre studies, but neither Irvin,2 Lee
et al.,11 Chandra and Kumar,16 Makela et al.,13 nor
Lohsiriwat et al.12 could fully replicate the convinc-
ing results found by Boey et al.

The most commonly used surgical prognostic
prediction rule worldwide is the American Society
of Anaesthesiologists (ASA) score.17 In the ASA
scoring system, the patient’s pre-operative health
status, independent of the current surgical disease,
is graded in five categories: 1) normal health, 2) mild
systemic disease, 3) severe systemic disease, 4)
severe systemic disease that is a constant threat to
life, and 5) patient survival is not expected without
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surgery.17 To our knowledge, only two small, single-
centre studies have evaluated the use of the ASA
score in PPU patients.12,13

At present, clinical prediction rules are not rou-
tinely used in PPU patients in everyday clinical prac-
tice. Identification of PPU patients with a high risk
of adverse outcomes following surgery is important
for clinical decision-making. Accurate and early
identification of high-risk PPU patients can assist in
risk stratification and triage, e.g. timing and extent
of pre-operative respiratory and circulatory stabili-
zation, post-operative admission to a high depend-
ency unit (HDU), the level and extent of monitoring,
and inclusion in specific perioperative care
protocols.18

The aims of the present nationwide study were
twofold: 1) to develop a new clinical rule to predict
30-day mortality in patients with PPU, and 2) to
compare its performance with the Boey score and
the ASA score in the same patient population. We
hypothesized that a new clinical prediction rule,
developed within a large, unselected PPU cohort
nationwide, would be superior to both the Boey
score and the ASA score in predicting 30-day
mortality.

Methods

Study design and approval
This nationwide cohort study was approved by the
Danish Data Protection Agency (no 2009-41-3905)
and did not require informed patient consent
according to Danish law. The manuscript was pre-
pared according to the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
statement.19

Study population
We included all patients who were surgically treated
for benign gastric or duodenal PPU in all 35 hospi-
tals caring for patients with PPU in Denmark
between 1 February 2003 and 31 August 2009
(n = 2668). No age restriction was used. PPU patients
were identified using computerized data from the
Danish National Indicator Project (DNIP).20 The
DNIP was founded in 1999 by the public Danish
health-care authorities and measures the quality of
care provided by Danish public hospitals to groups
of patients with specific medical conditions. In 2003,
the DNIP initiated monitoring of patients who were
surgically treated for PPU. The aim of the DNIP is to
monitor the quality of care provided, through the
registration of quality standards, indicators, and

prognostic factors. Reporting to the database is man-
datory for all Danish hospitals. The Danish National
Health Service provides tax-funded health care with
free access to hospital-based and primary medical
care. Because emergency services, including the
treatment of PPU, are provided by the public health-
care system only, all patients surgically treated for
PPU in Denmark are prospectively reported to the
DNIP database. Non-operative patients and patients
with malignant ulcers are not included in the data-
base. The DNIP database includes demographic
variables, as well as relevant information about the
pre-, intra-, and post-operative phases.

Outcome measure
Our predefined outcome measure was mortality
within 30 days of the primary PPU surgical proce-
dure. Exact data on date of death were ascertained
through linkage of the patients’ civil registration
numbers with the Danish Civil Registry System. The
civil registration number is a unique number
assigned at birth to all Danish citizens. The number
is used in all public records and contains an embed-
ded code for the person’s date of birth and gender.
The Danish Civil Registry System has recorded all
changes in vital status and migration of the Danish
population since 1968, including date of death (if
any) and is electronically updated daily.

Predictor variables
We used the DNIP database to select candidate vari-
ables for the new clinical prediction rule in five
steps: 1) candidate predictor variables were selected;
2) candidate variables for which data were missing
for more than 20% of the PPU patients were
excluded; 3) for the remaining variables, multiple
imputation was performed for patients who had
missing data; 4) a full logistic regression model with
death as outcome was developed; and 5) the full
model was converted to a clinical prediction rule
(see the Statistical Analysis section).21

We selected candidate variables for the new pre-
diction rule using three criteria: 1) variables had to
be potentially predictive of PPU mortality based on
existing literature, 2) they had to be readily available
upon admission in everyday clinical practice, and 3)
they had to be registered in the DNIP database. The
following candidate variables were selected: coexist-
ing active malignant disease or AIDS; chronic
obstructive pulmonary disease (COPD), diabetes,
heart disease, liver cirrhosis, or other chronic
disease; gender; age; body mass index (BMI); serum
haemoglobin; serum creatinine; serum albumin;
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shock on admission; ASA score; concomitant use of
anticoagulants, aspirin, steroids, non-steroidal anti-
inflammatory drugs, or selective serotonin reuptake
inhibitors (SSRIs); time from perforation to admis-
sion; alcohol abuse; and smoking.22

Three candidate variables were excluded because
data were missing for more than 20% of the patients
in the DNIP database: serum albumin, concomitant
use of SSRIs, and BMI. The remaining variables are
outlined in Table 1.

The prevalence and pattern of missing values for
any candidate variables shown in Table 1 were
evaluated using Statistical Package for the Social Sci-
ences (SPSS, SPSS Inc., Chicago, IL, USA) statistical
software (see later). Because data were not ‘missing
completely at random’ (MCAR), multiple imputa-
tion for the missing values was performed.23,24

Five imputations were done using Markov Chain
Monte Carlo fully conditional specification,25 and
the imputed estimates were pooled for overall
estimation.

Statistical analyses
For the outcome of 30-day mortality, the candidate
variables shown in Table 1 were entered into a full
binary logistic regression model. The association of
each candidate variable with 30-day mortality is
shown as adjusted odds ratios (ORs).

The full logistic regression model was converted
into a clinical prediction rule [hereafter named the
Peptic Ulcer Perforation (PULP) score], by trans-
forming the individual parameter estimates [log
(OR)/b-values] of the model into weights (points).
An adjusted OR between 0.78 and 1.28 was chosen
as the reference, and OR estimates above 1.28 were
assigned increasing points based on equivalently
spaced intervals of the b-values (Table 2). The con-
tinuous variables included in the models (i.e., age,
serum creatinine, and serum haemoglobin) were
dichotomized and subsequently evaluated by
including the scores as a linear covariate in a logistic
regression model.

Descriptions of all the prediction rules that were
evaluated (Boey score, ASA score, and PULP score)
are found in Table 3. The prediction rules were vali-
dated internally using bootstrapping. The principle
of bootstrapping is to sample from the empirical
distribution from which the data originated (i.e.,
sampling with replacement from the observed
data).26,27 From a statistical and methodological
point of view, bootstrapping is the preferred
method of validation.26 We used the enhanced boot-
strap method proposed by Efron.28,29

The prediction rules were evaluated with the fol-
lowing six areas of accuracy (indices), as explained
later: 1) area under the receiver operating character-
istic curve, AUC (c-index), 2) coefficient of determi-
nation, R2, 3) a, 4) b, 5) maximum calibration error
(Emax), and 6) Brier score (Table 3).26,27 The AUC
refers to the model’s ability to distinguish survivors
from non-survivors (discrimination ability), and the
optimal AUC is close to 1.30 The R2 – the coefficient
of determination – refers to the proportion of varia-
tion explained by the model; the optimal R2 is close
to 1.31 The intercept a measures calibration – the
agreement between the predicted probability and
the observed (‘true’) probability of dying; the
optimal intercept is close to zero.32 The slope b meas-
ures refinement, and the optimal slope is close to 1.32

Emax refers to the maximum calibration error, and

Table 1

Candidate variables for the Peptic Ulcer Perforation score
among 2668 patients with peptic ulcer perforation in Denmark, 1
February 2003–31August 2009.

Variable n (%) n missing
(%)

Co-morbid active malignant disease
or AIDS

187 (7.0) 0 (0.0)

Co-morbid chronic obstructive
pulmonary disease

392 (14.7) 0 (0.0)

Co-morbid diabetes 193 (7.2) 0 (0.0)
Co-morbid heart disease 901 (33.8) 0 (0.0)
Co-morbid liver cirrhosis 141 (5.3) 0 (0.0)
Other co-morbid chronic disease 783 (29.3) 0 (0.0)
Female gender 1478 (55.4) 0 (0.0)
Age > 65 years 1665 (62.5) 3 (0.1)
Serum haemoglobin < 6.0 mmol/l 274 (10.4) 29 (1.1)
Serum creatinine > 130 mmol/l 678 (25.8) 36 (1.3)
Shock on admission* 422 (16.1) 29 (1.5)
American Society of

Anaesthesiologists score
89 (3.3)

1 543 (21.1)
2 859 (33.3)
3 829 (32.1)
4 313 (12.1)
5 35 (1.4)

Concomitant use of anticoagulants 129 (5.0) 109 (4.1)
Concomitant use of aspirin 731 (28.7) 118 (4.4)
Concomitant use of steroids 313 (13.0) 258 (9.7)
Concomitant use of NSAIDs 980 (41.0) 280 (10.5)
Time from perforation to admission 311 (11.7)

< 6 h 897 (38.1)
7–24 h 772 (32.8)
> 24 h 688 (29.2)

Alcohol abuse† 425 (18.9) 414 (15.5)
Daily smoking 1338 (61.3) 487 (18.3)

*Shock on admission is defined as blood pressure < 100 mmHg
and heart rate > 100 beats per min.
†Alcohol abuse is defined as > 36 g alcohol per day (men) or
> 24 g alcohol per day (women).
NSAIDs, non-steroidal anti-inflammatory drugs.
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the optimal Emax is close to 0. The Brier score33 meas-
ures the accuracy of a probability assessment (the
average squared deviation between predicted prob-
abilities for a set of events and their outcomes); the
optimal Brier score is close to 0. Non-parametric
statistics were used. The indices are presented as
medians of the five indices computed from the five
imputation datasets. Furthermore, sensitivity, spe-
cificity, and the positive predictive value (PPV) of
the new clinical prediction rule were determined.

The optimal cut-off value of the score was calculated
by means of the Youden index (sensitivity +
specificity - 1).34

We expected the AUC of the new clinical predic-
tion rule vs. 30-day mortality to reach 0.75. Based on
90% power to detect a significant association
(P = 0.01, two-sided) between the clinical prediction
rule and the primary outcome, 152 patients were
required in the study.30 Data were analyzed using
the statistical software packages SPSS 18.0 (SPSS
Inc.) and R (R Foundation for Statistical Computing,
Vienna, Austria).35,36

Results
A total of 2668 patients were included. Median age
(range) was 70.9 years (16.2–104.2 years), 55% of the
patients were females (1478/2668), and 68% of the
patients (1800/2668) had at least one of six
co-morbid diseases. Forty-six per cent of the patients
were categorized as ASA class � 3. Alcohol abuse
was present in 19% of the patients (425/2254), and
1338 of 2181 patients (61%) smoked daily (Table 1).
A total of 708 patients (27%) died within 30 days of
surgery.

Table 2

The logistic regression model used to develop the Peptic Ulcer Perforation score.

Variables b Odds ratio 95% CI

Co-morbid active malignant disease or AIDS 0.46 1.58 1.05–2.38
Co-morbid COPD* 0.13 1.14 0.83–1.56
Co-morbid diabetes -0.07 0.93 0.63–1.37
Co-morbid heart disease 0.00 1.00 0.78–1.29
Co-morbid liver cirrhosis 1.00 2.71 1.66–4.40
Other co-morbid chronic disease 0.23 1.26 0.99–1.60
Female gender 0.17 1.19 0.95–1.49
Age > 65 years 1.38 3.97 2.88–5.47
Serum haemoglobin < 6.0 mmol/l 0.13 1.13 0.80–1.61
Serum creatinine > 130 mmol/l 0.81 2.25 1.78–2.84
Shock on admission† 0.33 1.40 1.06–1.84
ASA score 2 0.46 1.58 0.97–2.58
ASA score 3 1.52 4.59 2.84–7.40
ASA score 4 2.65 14.11 8.19–24.30
ASA score 5 3.32 27.53 9.40–80.59
Concomitant use of anticoagulants -0.11 0.89 0.55–1.46
Concomitant use of aspirin -0.02 0.98 0.75–1.28
Concomitant use of steroids 0.29 1.34 0.97–1.86
Concomitant use of NSAIDs -0.22 0.80 0.63–1.03
Time from perforation to admission 6–24 h 0.07 1.07 0.80–1.43
Time from perforation to admission > 24 h 0.75 2.11 1.59–2.79
Alcohol abuse‡ 0.12 1.12 0.76–1.65
Daily smoking 0.01 1.01 0.78–1.30

*COPD, chronic obstructive pulmonary disease.
†Shock on admission is defined as blood pressure < 100 mmHg and heart rate > 100 beats per min.
‡Alcohol abuse is defined as > 36 g alcohol per day (men) or > 24 g alcohol per day (women).
ASA, American Society of Anaesthesiologists; CI, confidence interval; NSAIDs, non-steroidal anti-inflammatory drugs.

Table 3

Conversion of the parameter estimates from the logistic
regression model into points in the Peptic Ulcer Perforation
score.

b* Odds ratio Point

[-0.25, 0.25] [0.78, 1.28] 0
(0.25, 0.75] (1.28, 2.12] 1
(0.75, 1.25] (2.12, 3.49] 2
(1.25, 1.75] (3.49, 5.75] 3
(1.75, 2.25] (5.75, 9.49] 4
(2.25, 2.75] (9.49, 15.64] 5
(2.75, 3.25] (15.64, 25.79] 6
(3.25, 3.75] (25.79, 42.52] 7

*A parameter estimate proportional to the odds ratio.

M. H. Møller et al.

4



The associations of each candidate variable with
30-day mortality within the developed adjusted
logistic regression model are shown in Table 4. ASA
score � 3, age older than 65 years, co-morbid liver
cirrhosis, and elevated serum creatinine had the
highest prognostic impact. The conversion of the
parameter estimates in the logistic regression model
into points in the clinical prediction rule is pre-
sented in Tables 2 and 3.

The new clinical prediction rule – the PULP score –
ranges from 0 to 18 points. In the present cohort, no
patients scored a total of 0, 17, or 18 points. Sensitiv-
ity, specificity, and the PPV of the individual values of
the PULP score are presented in Table 5. The 30-day
mortality increased progressively with increasing
score points, from 1% (1 points) to 100% (16 points).
According to the Youden index, the optimal cut-off
value was a score of 7 points (Table 5). Based on the
optimal cut-off value of the PULP score, patients
could be divided into low-risk patients, with less
than 25% risk of mortality (a score of � 7 points), and
high-risk patients, with more than 25% risk of mor-
tality (a score of > 7 points) (Table 6).

The results of the internal validation of the three
clinical prediction rules are found in Table 7. The
risk estimates are based on the mean b-values.
The AUC of the prediction rules were as follows: the
Boey score 70% (95% confidence interval 67–72), the
ASA score 78% (76–80), and the PULP score 83%
(82–85) (Fig. 1). R2 increased progressively from
0.161 for the Boey score to 0.368 for the PULP score.
With respect to a, b, and Emax (calibration, refinement,
and maximum calibration error), the Boey score and
ASA score performed better than the PULP score.

However, this could be explained by a few outlying
predictions in the PULP score. The Brier score was
closest to optimum (0) in the PULP score and farthest
away from optimum in the Boey score.

Discussion
In this nationwide cohort study of 2668 patients sur-
gically treated for PPU from February 2003 through
August 2009, we found that a new clinical predic-
tion rule – the PULP score – predicted 30-day mor-
tality better than the Boey score and ASA score.

This study has strengths and limitations. We had
access to a nationwide, high-quality, population-
based medical database with complete follow-up for
30-day mortality. Our study was hampered by
missing data for some of the patients, and we chose
to exclude three candidate variables with more than

Table 4

Assignment of points according to the Peptic Ulcer Perforation
score.

Variables Points

Age > 65 years 3
Co-morbid active malignant disease or AIDS 1
Co-morbid liver cirrhosis 2
Concomitant use of steroids 1
Shock on admission* 1
Time from perforation to admission > 24 h 1
Serum creatinine > 130 mmol/l 2
ASA score 2 1
ASA score 3 3
ASA score 4 5
ASA score 5 7

Total PULP score: 0–18

*Shock on admission is defined as blood pressure < 100 mmHg
and heart rate > 100 beats per min.
ASA, American Society of Anaesthesiologists.

Table 5

Risk stratification according to the Peptic Ulcer Perforation
score.

Total PULP
score
(points)

30-day
mortality
(%)‡

Sensitivity
(%)

Specificity
(%)

Youden
index

0* – – – –
1 1 100 14 14
2 2 99 27 26
3 4 98 31 29
4 9 96 41 37
5 12 90 57 47
6 18 84 67 51
7† 25 73 79 52
8 38 58 88 46
9 46 43 94 37

10 64 27 97 24
11 69 17 99 16
12 79 8 99 7
13 80 3 99 2
14 85 1 100 1
15 87 0 100 0
16 100 0 100 0
17* – – – –
18* – – – –

*No patients scored a total of 0, 17, or 18 points in the cohort.
†The optimal cut-off value according to the Youden index.34

‡Corresponding to the positive predictive value (the risk of death
within 30 days post-operatively based on the calculated total
PULP score).

Table 6

Low- and high-risk classification according to the Peptic Ulcer
Perforation score.

Risk of mortality PULP score

Low risk (� 25%) 0–7
High risk (> 25%) 8–18

The Peptic Ulcer Perforation (PULP) score
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20% missing data in order to reduce the risk of pre-
senting invalid results.37 For the remaining vari-
ables, missing data in a minor proportion of patients
were replaced by multiple imputation – the most
optimal way of handling data that are not
MCAR.23–25

In the DNIP database, major medical illness, pre-
operative shock, and perforation longer than 24 h
(the three elements of the Boey score) are defined
slightly different than what was originally proposed
by Boey et al.15 In the DNIP, major medical illness is
defined as active malignant disease or AIDS, COPD,
diabetes, heart disease, liver cirrhosis, or other
chronic disease. By comparison, Boey et al. defined
major medical illness as cardiorespiratory disease,
renal failure, diabetes, or hepatic pre-coma. The
DNIP defines pre-operative shock as blood pressure
below 100 mmHg and simultaneous heart rate

above 100 beats per min, whereas Boey et al. defined
shock as blood pressure below 100 mmHg exclu-
sively. In the DNIP, perforation longer than 24 h is
defined as > 24 h time from debut of symptoms (or
aggravation of symptoms) to the time of emergency
hospital admission, whereas in the Boey score it
was defined as > 24 h from perforation to time of
surgery. Therefore, slightly fewer and more severely
ill patients may have been categorized as having
high Boey scores in our study compared with Boey’s
original study, and the evaluation of the Boey score
performance in our study should be read while
keeping these discrepancies in mind.

Because the ASA score is based on the surgeon’s
subjective evaluation of the patient’s disease severity
and functional status, inter-observer variation may
be an inherent problem. This may in turn affect the
overall predictive performance of the ASA score in

Table 7

Results from the internal validation of the three clinical prediction rules by bootstrapping. Median values listed. See page 3 for details
on the six bootstrapping indices.

Indices

Model Dataset AUC R2 Intercept Slope Emax Brier score

Boey score Original 0.70 0.163 0 1 0 0.174
Bootstrapped 0.70 0.161 -0.004 0.993 0.002 0.174

ASA score Original 0.78 0.283 0 1 0 0.153
Bootstrapped 0.78 0.282 -0.005 0.996 0.001 0.154

PULP score Original 0.84 0.386 0 1 0 0.138
Bootstrapped 0.83 0.368 -0.033 0.957 0.016 0.142

ASA, American Society of Anaesthesiologists; AUC, area under the receiver operating characteristic curve; Brier score, the accuracy
of a probability assessment; Emax, maximum calibration error; PULP, Peptic Ulcer Perforation; R2, the coefficient of determination.

1 - Specificity

ROC Curve
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en
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ti

vi
ty

1,0

0,8

0,6

0,4

0,2

0,0
1,00,80,60,40,20,0

The Boey score AUC 70% (67–72)
The ASA score AUC 78% (76–80)
The PULP score AUC 83% (82–85)
Reference line

Fig. 1. Receiver Operating Characteristics
(ROC) curves with area under the curve
(AUC, % with 95% confidence interval).
Pooled imputed estimates (medians).
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our study and may also affect its performance in
different settings.

We used bootstrapping to validate our new
score26,27 and found a high degree of consistency
with the original dataset on all six indices (Table 7).
This is probably due to the large cohort evaluated,
and the fact that we took care not to over-fit the
logistic regression model. Still, our results are based
on patients with surgically confirmed PPU with one
particular type of case mix. The results of this study
should not be applied uncritically to other catego-
ries of patients, and/or to PPU patients with differ-
ent characteristics.

Widespread use of clinical prediction rules in
patients who are surgically treated for PPU is poorly
documented in the literature, and the use of predic-
tion rules in PPU in everyday clinical practice seems
limited. The Boey score was validated on 259 con-
secutive patients who were surgically treated for
PPU in a single hospital in Hong Kong.15 In-hospital
mortality rates were 0%, 10%, 45.5%, and 100% in
patients with presence of none, one, two, or all three
prognostic variables, and all 16 post-operative
deaths were identified by the prediction rule (i.e., a
Boey score of 1 or more). However, the false-
positive prediction proportion reached 50% (16
in-hospital deaths observed vs. 32 patients predicted
to die).15 In the present study, which included 2668
patients, the Boey score predicted mortality reason-
ably well (AUC 70% and R2 0.161), but less well than
both the ASA score and the new PULP score (Table 7
and Fig. 1). The Boey score does not comprise any
prognostic factors related to patient age or concomi-
tant medication use – otherwise well-established
prognostic factors in PPU,22 which could be one
explanation for the lower accuracy of the Boey score.
Another plausible explanation is the much lower
mean patient age (51.3 years) in Boey’s original
study compared to other studies in population-
based settings.

Although limited data exist on the association
between ASA score and mortality following PPU,
ASA � 3 seems to imply a three- to fourfold
increased risk of mortality.22 In the present study, the
ASA score alone predicted 30-day mortality rather
well (AUC 78% and R2 0.282). Limitations of the
ASA score include its somewhat subjective nature
with the attendant risk of inter-observer variation
(see earlier). The ASA score is not meant to include
markers of acute disease severity. The PULP score
may perform better than the ASA score because it
includes predictors related to disease severity,
including markers of the sepsis syndrome.22,38

A number of other prognostic scoring systems in
PPU have been proposed.9,10,12–14 Few have been vali-
dated, most are quite complex, and the main use of
these scoring systems may be for research purposes.

The most important feature of a clinical prediction
rule of mortality is its ability to distinguish between
survivors and non-survivors. We have presented a
new prediction rule, comprising seven objective
pre-operative measures and one subjective measure
(the ASA score). In the present study, the PULP
score (AUC 0.83) was superior to the Boey score
(AUC 0.70) and the ASA score (AUC 0.78). The
PULP score takes advantage of combining readily
available objective predictors related to the patient’s
baseline health status and acute disease severity and
combines these predictors with the good perform-
ance of the ASA scoring system. Based upon the risk
of dying within 30 days of surgery, we could classify
patients as low risk or high risk (Table 6). The PULP
score can thus assist in risk stratification and triage
of patients with PPU, e.g. selection and timing of
pre-operative respiratory and circulatory stabiliza-
tion, post-operative admission to a HDU, the level
and extent of monitoring, and inclusion in specific
perioperative care protocols.18,39

Conclusion
In conclusion, our study demonstrates that the
PULP score can be used to accurately predict 30-day
mortality in patients operated for PPU, and that it
performs better than the Boey score and the ASA
score. The prognostic predictors included in the
PULP score can be readily identified prior to
surgery. The PULP score can assist in accurate and
early identification of high-risk patients with PPU,
and thus assist in risk stratification and triage.
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