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ABSTRACT

Introduction: Perforation remains a life-threatening complication of Peptic ulcer disease (PUD), and clinical risk scores such as the Boey and PULP
(Peptic Ulcer Perforation) scores are commonly utilized to predict postoperative morbidity and mortality.

Objectives: To evaluate the predictive outcome of the Boey score in determining morbidity outcomes among patients with perforated duodenal ulcer and
to compare its performance with the PULP scoring system.

Materials and Methods: This prospective diagnostic accuracy study was conducted in the General Surgery Department of Khyber Teaching Hospital,
MT]I, Peshawar Pakistan. A total of 104 patients diagnosed with PDU were divided into two groups using the Boey score: Index test (score >1, n=52) and
Reference standard (score 0, n=52). A structured proforma was used to record patient demographics, comorbidities, operative details, and postoperative
outcomes. Postoperative complications and mortality within 30 days were analyzed. The predictive performance of Boey and PULP scores was assessed
using ROC curve analysis.

Results: Morbidity was higher (25% vs 5.8%, p=0.006), pulmonary complications more frequent (11.5% vs 1.9%, p=0.049) and length of hospital stay
significantly prolonged (8.7 + 2.6 vs 5.2 + 1.8 days, p<0.001) in the Index test group compared to the Reference standard group. ROC analysis
demonstrated moderate discriminatory ability for PULP (AUC 0.74) and Boey (AUC 0.76) scores for predicting 30-day morbidity.

Conclusion: A Boey score >1 is significantly associated with increased morbidity and prolonged hospital stay following surgery for PDU. PULP score
showed higher predictive accuracy compared to Boey score.
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INTRODUCTION

Peptic ulcer disease (PUD) is characterized by acid-induced
injury to the gastrointestinal mucosa, most commonly affecting
the stomach and proximal duodenum. Although the exact
prevalence in the general population remains uncertain, the
American Gastroenterological Association (AGA) reports a
prevalence of 10-20% among individuals presenting with
upper gastrointestinal symptoms.® The most frequently
identified etiological factors include Helicobacter pylori
infection and the use of non-steroidal anti-inflammatory drugs
(NSAIDs).1?

Complications of PUD include bleeding, perforation,
penetration, and gastric outlet obstruction. Perforation is the
second most common complication after bleeding. A
perforated peptic ulcer (PPU) is a surgical emergency, which
can be fatal if not promptly managed.? Despite advances in
critical care and availability of new surgical techniques,
morbidity and mortality associated with a perforated peptic
ulcer remain high, with mortality rates ranging between 25%
and 30% in some reports.®

Surgical repair remains the cornerstone of treatment for
perforated duodenal ulcers. Commonly performed procedures
include Graham’s omentopexy, modified Graham’s patch
repair, pyloroplasty, and partial gastrectomy depending on the
severity and underlying pathology.*®

A variety of scoring systems have been developed to enhance
risk stratification and guide perioperative management by
predicting morbidity and mortality within thirty days following
PPU. These include the Boey score, the Peptic Ulcer
Perforation (PULP) score, and the American Society of
Anesthesiologists (ASA) classification. The Boey score
remains one of the scoring systems in common use as it is
simple to apply and relevant in the clinical setting. It uses three
variables: presence of major medical illness, preoperative
shock, and perforation duration exceeding 24 hours.”
Lohsiriwat et al. reported that patients in the higher-risk group
(Boey score 1-3) had a combined mortality of around 19.67%
as compared to 1.1% in the low-risk group (Boey 0) group.®
These findings demonstrate the importance of the Boey score
in clinical decision making.

On the contrary, the PULP score is a more comprehensive risk
scoring system designed to predict 30-day mortality in patients
with PPU. It includes parameters such as age >65 years,
comorbidities (liver cirrhosis, AIDS, steroid use, or
malignancy), time to surgery >24 hours, preoperative shock,
serum creatinine >130 pmol/L, and ASA score >III. The
cumulative score ranges from 0 to 18. A higher score correlates
strongly with worse postoperative outcomes.®’

The rationale behind this study is to assess postoperative
outcomes in patients with perforated duodenal ulcer using Boey
score, and to explore its prognostic value relative to PULP
scoring system. There remains a lack of data in regional
surgical practice assessing these scoring systems for
comparative predictive performance. This study is intended to
highlight the value of these scoring systems for early
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identification of high-risk patients to enable targeted
intervention and optimal resource allocation. Eventually, this
approach can contribute to improved patient outcomes, post-
operative complications, and optimal quality of care.

MATERIALS AND METHODS

This was a prospective cohort study, conducted in the
Department of General Surgery, Medical Training Institute-
Khyber Teaching Hospital, (MTI-KTH), Peshawar Pakistan,
from 30" March 2025 to 151 August 2025, following ethical
approval from the Institutional Review Committee (Approval
No. 2468/HMC, dated 16™ January 2025). Sample size was
calculated using OpenEpi software with a 95% confidence
level, 80% power, a 1:1 ratio between Index test and Reference
standard, and event rates reported in previous literature (1.1%
in the Reference standard and 19.67% in the Index test group).®
The total sample size was 104 patients (52 per group).
Sampling was done through a non-probability consecutive
sampling technique.

All patients aged 16-80 years of either gender, with
radiological suspicion or intraoperative confirmation of
perforated duodenal ulcer were eligible for inclusion.

Exclusion criteria included trauma-related perforations,
patients unfit for anesthesia, refusal to participate, or loss to
follow-up before 30 days.

Perforated duodenal ulcer was defined as a perforation in the
anterior or posterior wall of the first part of the duodenum, most
often associated with Helicobacter pylori infection. Diagnosis
was established radiologically (free air under the diaphragm on
erect abdominal x-ray) and confirmed intraoperatively during
exploratory laparotomy. All diagnoses were made and
confirmed by surgical residents (year 3 & 4 residents) under the
supervision of consultant general surgeons, each with >10 years
of clinical and operative experience.

Boey score was calculated preoperatively by the surgical
resident under consultant supervision. The score included three
binary parameters: (i) preoperative shock (systolic blood
pressure <90 mmHg and heart rate >100 beats/min), (ii) delay
from admission to surgery exceeding 24 hours, and (iii)
presence of significant comorbidities.®

Comorbidities were defined as chronic obstructive pulmonary
disease, ischemic or congestive heart failure, chronic renal
failure, diabetes mellitus, or active malignancy, confirmed by
history, clinical records, or ongoing treatment.

ASA, based on patients’ pre-existing co-morbidity, considers
the present clinical condition at admission and is graded 1-5
increasingly indicating a healthy person, mild systemic disease,
severe systemic disease that is a constant threat to life and a
moribund person not expected to survive without operation.”

PULP is a seven-variable score (range =0-18), based on age
>65 years, liver failure, AIDS/active cancer, concomitant use
of steroids, shock on admission, time from admission to

surgery >24 h, serum creatinine >130 (umol/l) and ASA score.®
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Since outcome and risk factor assessment depend on operator
interpretation (e.g., shock status, comorbidity assessment, or
ASA grading), interobserver reliability was addressed by
ensuring standardized definitions, use of pre-specified data
collection forms, and consultant validation of each recorded
variable. Discrepancies were resolved through consensus
discussions between the resident and supervising consultant
before data entry to minimize subjectivity and enhance
consistency.

After written informed consent, patients underwent exploratory
laparotomy, with modified Graham omentopexy performed as
the standard repair technique. Operations were performed by
residents (year 3 & 4 residents) under consultant supervision.

The primary outcomes were 30-day postoperative morbidity
and mortality. Morbidity included: (i) pulmonary
complications (consolidation, effusion, or collapse confirmed
radiologically within 30 days), (ii) surgical site infection
(erythema, discharge, or swelling up to postoperative day 7),
(iii) burst abdomen (full-thickness wound dehiscence
confirmed visually within 30 days), (iv) postoperative leak (re-
perforation within 10 days), and (v) hospital stay (in days).
Mortality was defined as any death during hospitalization or
within 30 days post-surgery.

Data were analyzed using SPSS v23. Categorical variables
(e.g., gender, residence, comorbidities, outcomes) were
reported as frequencies and percentages. Continuous variables
(age, BMI, hospital stay) were expressed as mean + SD or
median (IQR), depending on distribution as assessed by the
Shapiro-Wilk test. Comparisons between groups were made
using the chi-square test or Fisher’s exact test for categorical
variables, and t-test or Mann—-Whitney U test for continuous
data. A receiver operating characteristic (ROC) curve was
constructed to evaluate potential predictors determined using
univariate and multivariate logistic regression to develop best
cut-off values and to evaluate global discrimination and
predictive accuracy. The ROC curves offered an intuitive
graphical summary of accuracy of predictions. Specifically, the
ROC curve describes true positive rate (sensitivity) in relation
to false positive rate (1-specificity) at all cutoff points for each
scoring system. The area under the curve (AUC) represents
overall predictive value for each score. A p-value <0.05 was
considered statistically significant.

RESULTS

The study included 104 patients, equally divided into two
groups: 52 patients in the Index test (Boey score >1) and 52 in
the Reference standard (Boey score=0). The average age of the
patients was 37.4+12.6 years, and most patients were male with
a rural background. Clinical variables such as BMI, presence
of preoperative shock, comorbidities, and time from admission
to surgery were recorded (Table 1).

Postoperative complications were recorded within 30 days of
surgery. The most common complications were abdominal
collection (n=8), pleural effusion or pneumonia (n=7), surgical
site infection (n=3), and septic shock (n=5). Other
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complications included deep vein thrombosis (n=1) and ileus
(n=1), resulting in a total morbidity rate of 16 patients and a
mortality of one patient (Table 2). A bar graph comparing
individual complications across the Index test and Reference
standard showed higher frequencies of complications in the
Index test group (Figure 1).

To evaluate the predictive accuracy of the Boey and PULP
scoring systems in predicting postoperative morbidity, ROC
curve analysis was performed (Figure 2). The PULP score
(represented by green line) demonstrated a slightly higher AUC
of 0.76, indicating better discriminative ability compared to the
Boey Score (blue line), which showed an AUC of 0.74. Both
scores performed substantially better than the chance level
(black dashed line, AUC= 0.5), which represents no
discriminative ability. In both the Boey and PULP scores
exhibited good predictive accuracy for postoperative
morbidity, with the PULP score showing marginally superior
performance (Figure 2).

A boxplot comparison of hospital stay showed that patients in
the Index test had a longer median length of hospital stay (~9
days) compared to those in the Reference standard (~6.5 days).
The Index test also showed greater variability in stay duration,
indicating more complicated postoperative courses (Figure 3).

DISCUSSION

In this cohort of 104 patients (52 Boey-Index test and 52
Reference standard), Index test patients (Boey >1) experienced
significantly greater postoperative morbidity and longer
hospital stays. Pulmonary complications were notably higher in
the Index test  group, while overall mortality was low (1 vs.
0). This trend aligns with previously reported associations of
high Boey scores with worse outcomes.?

The ROC analysis revealed moderate discriminative accuracy
of the scoring tools with PULP score achieving an AUC of
0.76, superior to Boey (0.74). These findings are consistent
with recent literature, where PULP also outperformed Boey
and ASA in predicting 30-day morbidity and mortality for
perforated peptic ulcer (PPU) patients.%%12

The most current evidence from Ghobashy et al. demonstrated
AUCs for morbidity prediction of 0.698 for Boey, 0.694 for
PULP, and 0.624 for ASA and found PULP to be the most
accurate overall.? Similarly, Wang et al. reported that PULP is
superior in forecasting conversion from laparoscopic to open
repair, with an AUC of 0.753.2 The simplicity of Boey was
confirmed by Sharma et al. who reported high accuracy (74.5%
morbidity, 89.1% mortality) despite its lower complexity.*

Avascular factors such as shock on admission and
comorbidities were significantly linked to morbidity in this
cohort (66.7%, p=0.03; 38.5%, p=0.001). These findings
mirror those of Patel et al. and Saiphy et al., who reported
progressively higher complication rates with increasing Boey
scores.>® In this study, patients with Boey=2 had a morbidity
rate of 55.5%, closely aligning with data showing Boey 2 to 3
scores confer morbidity rates of 75-100% and mortality of 18—
40% in similar settings.®
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Table 1: Demographic and clinical characteristics of the study participants by exposure

Variable I?:e:x 5tze;st Stand{zl;d:Rsezf)erence *pyalue
Age groups
16-20 years 2 (3.8%) 4 (7.7%) --
21-30 years 6 (11.5%) 12 (23.1%)
31-40 years 10 (19.2%) 14 (26.9%)
41-50 years 14 (26.9%) 10 (19.2%)
51-60 years 10 (19.2%) 8 (15.4%)
61-70 years 6 (11.5%) 3(5.8%)
71-80 years 4 (7.7%) 1 (1.9%)
Mean Age (years) 452+14.3 34.6+11.1 0.001
Gender (M:F) 50:2 50:2 -
Residence
Urban 30 (57.7%) 34 (65.4%) 0.42
Rural 22 (42.3%) 18 (34.6%)
BMI (kg/m2) 25.1+3.0 23.7+2.8 0.034
Preoperative Shock 5 (9.6%) 1 (1.9%) 0.09
Comorbidities 11 (21.2%) 3 (5.8%) 0.02
Delay >24h before surgery 28 (53.8%) 14 (26.9%) 0.004
Boey Score
0 52 (100%) 52 (100%) -
1 32 (61.5%) 0 (0%) -
2 17 (32.7%) 0 (0%) -
3 3(5.8%) 0 (0%)

*p<0.05 was considered statistically significant

Table 2: Postoperative outcomes of perforated duodenal ulcer by exposure

Olitcome Index test Standard Reference *p-value
(n=52) (n=52) P

Surgical Site Infection 3 (5.8%) 0 (0%) 0.08
Leak 4 (7.7%) 1 (1.9%) 0.17
Burst Abdomen 2 (3.8%) 0 (0%) 0.15
Pulmonary Complications 6 (11.5%) 1 (1.9%) 0.049
Death 1 (1.9%) 0 (0%) 0.31
Length of Stay (days) 8.7+3.1 52+2.1 <0.001
Total Morbidity 13 (25%) 3(5.8%) 0.006

Postoperative Complications by Group

*p<0.05 was considered statistically significant
Leak Burst Abd Py
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Figure 1: Bar chart with an overview of risk stratification systems (Boey and PULP score) used for predicting morbidity and mortality
in patients with perforated peptic ulcer. (Blue bars=Index test; Orange bars=Standard reference)
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Figure 2: ROC Curve comparing the predicative accuracy of
Boey Score and PULP Score for 30-day morbidity following
perforated duodenal ulcer repair.

Importantly, the ROC analysis in this study found that the optimal
PULP score cutoff value of >3 corresponded to 64.7% sensitivity
and 74.6% specificity. This is in line with the original PULP
model, which scored 7 and was similar in diagnostic properties.”

Delays of more than 24 hours and shock on admission, the Boey
predictors not only retained clinical relevance but were an
integral part of both scoring systems. The Boey predictors have
reliably illustrated that they are modifiable risk factors,
highlighting the need for both early surgical intervention and
aggressive perioperative management.®

Findings from this study support the combined use of Boey and
PULP scores in clinical practice. Boey is more readily used at the
bedside for quick risk stratification, while PULP has better
predictive performance. Ronaldsson et al. similarly stated that
PULP scores can be used for detailed prognostication, and Boey
scores can be reserved for rapid triage in the emergency setting.®

Clinical implications: In resource-limited countries where
patients may not have access to CT or advanced laboratory
scoring, the Boey score can be used as a simple bedside tool for

Length of Hospital Stay by Group

14

‘

2 —_

Index tests Reference standards

Figure 3: A boxplot comparison of hospital stay in Index tests
and Reference standards

rapid triage. The PULP score, though more complex may help
monitor patients post-operatively in a tertiary care setting.

LIMITATIONS

This was a single-center study with a relatively small sample size,
especially in the high-Boey subgroup, which may limit broad
generalizability of the study findings. The total number of
mortality events was also relatively low, potentially reducing the
overall robustness of accuracy measures for predicting mortality.
Nevertheless, these findings offer valuable understanding of
outcome predictions with Boey and PULP scoring in a real-world
clinical setting.

CONCLUSION

The results further strengthened the evidence that increased
morbidity and lengthy hospital stays correlate with higher Boey
scores. The PULP score, while more complex, has higher
predictive accuracy. Combining a rapid risk stratification based
on Boey, followed by more substantial evaluation with the PULP
predicts true risk and may help tailor perioperative care
specifically.

REFERENCES

1. Rivai MI, Suchitra A, Janer A. Evaluation of clinical factors
and three scoring systems for predicting mortality in
perforated peptic ulcer patients, a retrospective study. Ann
Med Surg. 2021; 69:102735. Doi:
10.1016/j.amsu.2021.102735.

2. Handaya AY, Andrew J, Hanif AS, Tjendra KR, Aditya AF.
Omental plug using double horizontal mattress suture for
gastric perforation in elderly patients with boey score 3: a
case series. Ann Med Surg (lond). 2021; 68:102647. Doi:
10.1016/j.amsu.2021.102647.

3. Ghobashy AM, Shafik IA, Milad NM, Busada BJ, Ammar
AM. Comparative performance of boey, peptic ulcer
perforation, and american society of anesthesiologists scores
in predicting outcomes in patients with perforated peptic
ulcer. Egypt J Surg. 2024;43(4):1268-77.
Doi:10.21608/ejsur.2024.282169.1048.

V12 | N1 | January - March | 2026

4. Patil LS, Jadhav D, Aditya GA, Kannavar S. Prospective
study and applicability of pulp score to predict mortality and
morbidity following peptic ulcer. Res J Med Sci.
2024;18(9):26-30. D0i:10.36478/makrjms.2024.9

5. Chan KS, Wang YL, Chan XW, Shelat VG. Outcomes of
omental patch repair in large or giant perforated peptic ulcer
are comparable to gastrectomy. Eur J Trauma Emerg Surg.
2021;47(6):1745-52. D0i:10.1007/s00068-019-01237-8

6. Tarasconi A, Coccolini F, Biffl WL, Tomasoni M, Ansaloni
L, Picetti E, et al. Perforated and bleeding peptic ulcer:
WSES guidelines. World J Emerg Surg. 2020; 15:3.
D0i:10.1186/513017-019-0283-9.

7. Putra IGAP, Sudiasa K, Mahadewa TGB. Validity of
predictive score of mortality in peptic ulcer perforation
(pompp) in predicting perforated peptic ulcer mortality

Www.jrmi.pk




I ORIGINAL ARTICLE | Postoperative outcomes in perforated duodenal ulcer: comparative predictive performance of Boey and Pulp scores

operated in Sanglah General Hospital, Denpasar, Bali.
Neurologico Spinale Medico Chirurgico. 2022; 5:58-62.
Doi: 10.36444/nsmc.v5i1.210.

Koranne A, Byakodi KG, Teggimani V, Kamat VV,
Hiregoudar A. A comparative study between peptic ulcer
perforation score, mannheim peritonitis index, asa score,
and jabalpur score in predicting mortality in perforated
peptic ulcers. Surg J (NY). 2022;8(2):162-8. Doi:
10.1055/5-0042-1743526.

Harindranath HR, Mamatha VP. A comparative study
between mannheim’s peritonitis index and boey’s score in
predicting morbidity and mortality in perforated peptic ulcer

10.

11.

patients in a tertiary health care center in bangalore. Int Surg
J. 2022;9: 644-8. Doi: 10.18203/2349-2902.isj20220244.

Nichakankitti N, Athigakunagorn J. The accuracy of
prognostic scoring systems for postoperative morbidity and
mortality in patients with perforated peptic ulcer. Int Surg J.
2019;3: 286-90. Doi: 10.18203/2349-2902.i5j20160244.

Niilonga Eiu, Shatri AMN. Risk factors affecting morbidity
and mortality in patients with perforated peptic ulcers in
Sub-Saharan Africa: a systematic review. Undergrad Res
Health J. 2023;1(1): €78. D0i:10.7196/urhj.2023.v1i1.78.

V12 | N1 | January - March | 2026

47

WwWw.jrmi.pk




