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ABSTRACT

Background: Gastric perforation remains a highly lethal surgical emergency, and
competing preoperative mortality scores have not been compared directly in an
Indonesian cohort.

Objective: To compare the discrimination, calibration, and clinical utility of the Boey
and Jabalpur scores for in-hospital mortality after emergency surgery for gastric
perforation.

Methods: This retrospective diagnostic-accuracy study, reported according to STARD
2015, included 55 consecutive adults who underwent emergency laparotomy for non-
traumatic gastric perforation at a tertiary referral centre between January 2023 and
September 2025. Both scores were evaluated against in-hospital death. Analyses
included areas under the receiver operating characteristic curve, operating
characteristics, calibration, and decision-curve analysis; quantities not identifiable
from the aggregate source output were bounded rather than estimated.

Result: Twenty-nine patients (52.7%) died in hospital. The Boey score discriminated
mortality (AUC 0.747, 95% CI 0.630-0.863), whereas the Jabalpur score did not (AUC
0.623,95% CI1 0.470-0.777; p = 0.118; power 34.1%). The AUC difference was 0.123,
but its variance was not identifiable. At the optimal cut-offs, Boey =2 yielded 58.6%
sensitivity and 73.1% specificity, while Jabalpur 210 yielded 69.0% sensitivity and
61.5% specificity. The published Boey risk table underpredicted mortality (observed-
to-expected ratio 1.70), and decision-curve benefit was limited.

Conclusion: Only the Boey score separated survivors from decedents in this cohort.

Formal superiority over the Jabalpur score remains unresolved, and the published
Boey risk estimates require local recalibration before individual clinical use.

1. Introduction

Gastric perforation is among the most lethal of the
abdominal surgical emergencies. Free communication between
the gastric lumen and the peritoneal cavity produces a chemical
peritonitis within minutes, a bacterial peritonitis within hours,
and a systemic inflammatory response that is fatal in a
substantial minority of patients even where critical care is
unrestricted. Contemporary operative series place mortality at
about 11% in a 500-patient Indian cohort and 14% in an
Ethiopian tertiary series, against a background figure of roughly
30% mortality and 50% morbidity for perforated peptic ulcer as
a whole!-4. The global burden of peptic ulcer disease has fallen
with the retreat of Helicobacter pylori and the wider use of
proton-pump inhibition57, but the fall has been uneven:
incidence and case fatality remain concentrated in low- and
middle-income settings where patients present late and where
operative capacity is stretched, and smoking-attributable
mortality is still rising in several regions8-10. Indonesia sits
squarely in that group, and the cohort described here sits at the
severe end even of that distribution.

The prepyloric and antral segments of the anterior gastric
wall are the classical site of perforation, and large operative
series bear that out: among 500 consecutive perforations at one
Indian tertiary centre 328 were gastric and 160 duodenal with a
mean defect of 8.6 mm, while an Ethiopian series of 106 placed

Manurung et al.

81.1% of defects in the first part of the duodenum?2. A breach of
the anterior prepyloric wall opens directly into the supracolic
compartment of the greater sac, so spillage is not contained by
the lesser sac and tracks along the right paracolic gutter; a
breach of the posterior wall of the body, by contrast, may be
temporarily walled off within the lesser sac. The anatomical
distribution observed in this cohortis set outin Figure 5, and the
cascade that converts a local breach into multi-organ failure is
traced in the same figure alongside the point at which each score
variable enters it.

Because the operation itself is simple and largely invariant -
primary repair with an omental patch, whether open or
laparoscopic!l-13 - prognosis is largely determined before the
incision is made, and preoperative risk stratification carries
most of the clinical weight314. The Boey score, introduced in its
validated form in 1987, uses three dichotomous variables: a
coexisting medical illness, preoperative shock, and a delay of
more than twenty-four hours between perforation and
operation?s, Its appeal is that it can be completed at the bedside
in under a minute and that each component maps onto a distinct
step of the pathophysiological cascade. Its published mortality
table - 0%, 10%, 45% and 100% for scores of 0 to 3 - has been
reproduced with varying fidelity: a prospective Nepalese series
of 94 patients recorded 0%, 4.7%, 9.1% and 60.0% across the
four strata and an Indian series of 103 recorded 0%, 0%, 9.1%
and 90.9%, so the ordering survives everywhere while the
absolute risks do not16-20,
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The Jabalpur score was developed in central India from a
retrospective series of 140 patients with peritonitis and was
intended to improve on that simplicity by grading rather than
dichotomising the underlying physiology?l. It scores the
perforation-to-operation interval in five strata and adds
weighted terms for systolic pressure, heart rate, serum
creatinine, age and comorbidity, giving a range far wider than
the Boey score's four levels. Two decades of use have produced
markedly discordant results. A 77-patient series reported an
area under the curve of 0.884 (95% CI 0.785-0.981) for
mortality, statistically indistinguishable from POSSUM; a 44-
patient West African series reported 0.75 with a sensitivity of
69%; and a 235-patient prospective Indian series reported
0.665 and concluded that the index is not suited to predicting
mortality in secondary peritonitis22-26. The intuition that more
information should yield better prediction is a natural one, but
that spread of results is not what a well-behaved instrument
produces.

That intuition has not been tested against the Boey score in
an Indonesian population, and it is not self-evidently correct. A
score with more terms has more opportunities to be miscoded
from a retrospective record, more parameters to estimate from
a small sample, and more scope for a variable that is prognostic
in one case mix to be uninformative in another27.28. Whether the
additional resolution buys additional discrimination is an
empirical question about a particular population, and only a
head-to-head comparison in that population can answer it. At
this centre the Boey score has been compared with the
Mannheim Peritonitis Index in 31 patients with gastric
perforation, with a reported sensitivity of 75.0% and specificity
of 53.3% at a cut-off of 229; the Jabalpur score has not been
evaluated here in any indication.

This study therefore set out to: (1) compare the
discrimination of the Boey and Jabalpur scores for in-hospital
mortality after emergency surgery for gastric perforation; (2)
determine the optimal cut-off for each score by the Youden index
and report the operating characteristics at every observed cut-
off; (3) assess how well the published Boey mortality table
calibrates to an Indonesian tertiary referral case mix; and (4)
state which of the analyses conventionally requested of a
diagnostic accuracy study are identified by the available data
and which are not.

2. Methods

2.1 Study design and reporting

This was a retrospective diagnostic accuracy study of two
competing preoperative risk scores against a single reference
standard. It is reported in accordance with the Standards for
Reporting of Diagnostic Accuracy Studies (STARD 2015)30,
supplemented where relevant by current guidance on the
external evaluation of clinical prediction models??. The
completed participant flow is shown in Figure 1. The study
addresses a prognostic question posed in a diagnostic accuracy
framework: the index tests are computed before the operation
and the reference standard is ascertained at discharge, so the
two are separated in time rather than measured concurrently?27.
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2.2 Ethical approval

This study received ethical exemption from the Research
Ethics Committee of Dr. Mohammad Hoesin Central General
Hospital Palembang, Universitas Sriwijaya (No.
DP.04.03/D.XVIL9.4/ETIK/184/2026).  The
conducted in accordance with the Declaration of Helsinki and 7
WHO 2011 Standards (Social Values, Scientific Values, Equitable
Assessment and Benefits, Risks, Persuasion/Exploitation,
Confidentiality and Privacy, and Informed Consent), referring to
the 2016 CIOMS Guidelines.

study  was

Patient identifiers were stripped at the point of extraction
and no patient was approached, no additional investigation was
performed and no clinical decision was influenced by the study.
The committee's exemption carries with it a waiver of individual
written informed consent, which is the only tenable
arrangement for a record review in which more than half of the
cohort died during the index admission. Approval was granted
after the close of the accrual window, as is customary for a
retrospective chart review.

2.3 Setting, participants and data source

The study was conducted in the Department of Surgery of Dr.
Mohammad Hoesin Central General Hospital, Palembang, the
tertiary surgical referral centre for the province of South
Sumatera, Indonesia. All adults who underwent exploratory
laparotomy for a non-traumatic gastric perforation between
January 2023 and September 2025 were screened. Sampling
was total rather than random: every consecutive record
satisfying the criteria within the accrual window entered the
analysis, which removes selection at the level of the investigator
but leaves the referral filter of a tertiary centre in place.

Patients were eligible if they were older than eighteen years,
carried an intraoperative diagnosis of gastric perforation, and
underwent exploratory laparotomy at the study centre. Patients
were excluded if the perforation was traumatic in origin, if it
arose from a malignancy, or if the record was incomplete for
either index test or for the reference standard. The exclusion of
malignant perforation is consequential and is revisited in the
Discussion, since it removes precisely the subgroup in which the
Jabalpur score's age and comorbidity terms would be expected
to carry most weight. A second feature of the case definition
needs stating plainly: ten of the 55 perforations are recorded in
the operative notes as postpyloric, which is a duodenal rather
than a gastric site. They are retained because they formed part
of the analysed cohort and cannot be removed reproducibly
from aggregate output, but the cohort is therefore better
described as perforated peptic with a gastric
predominance than as pure gastric perforation, and a sensitivity
analysis excluding them could not be performed.

ulcer

2.4 Index tests

Boey score. Three variables were each scored 0 or 1 and
summed to give a total of 0 to 3: a coexisting medical illness
(cardiac, hepatic, renal or diabetic), preoperative shock defined
as a systolic pressure below 100 mmHg, and an interval of more
than twenty-four hours between the onset of perforation and
definitive treatment!S. For orientation, 55 patients had a
recorded systolic pressure, of whom 12 were below 100 mmHg
and 4 below 90 mmHg.
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Jabalpur score. Six domains were scored and summed?21:
the perforation-to-operation interval in five strata (<24 h, 25-72
h, 73-96 h, 97-120 h, >120 h, scoring 0 to 4); systolic pressure (0
for 70-109 mmHg, 2 for 50-69 or 110-129 mmHg, 3 for 130-159
mmHg, 4 for <49 or 2160 mmHg); heart rate on the same four-
level scheme; serum creatinine (0 for 0.6-1.4 mg/dL, 2 for 1.5-
1.9, 3 for 2.0-3.4, 4 for 23.5); age (0 for <45 years, 2 for 45-54, 3
for 55-64, 5 for 65-74, 6 for 275); and 5 points for any of a
defined list of comorbidities. Observed totals ranged from 1 to
21.The two scores are notindependent: they share the delay and
comorbidity domains outright, and the Boey shock criterion
coincides with the boundary of the Jabalpur systolic-pressure
band. That overlap matters for the comparison and is quantified
in section 3.3.

Both index tests were derived from data recorded in the
medical record before operation, and both were computed after
discharge from the extracted dataset. The reviewers who
computed them were therefore not blinded to the outcome in the
strict STARD sense, because the outcome was already present in
the record they were reading. This is an unavoidable feature of
retrospective scoring and is treated as a limitation rather than
glossed over30. The components are, however, objective

measurements recorded contemporaneously for clinical
purposes, which limits the scope for differential
misclassification.

2.5 Reference standard

The reference standard was in-hospital all-cause death
following emergency laparotomy,
discharge summary. It was available for every patient; no patient
was lost to follow-up and no outcome was missing. Death is an
unambiguous endpoint that requires no adjudication, which
removes the reference-standard misclassification that troubles
most diagnostic accuracy studies. It is, however, an in-hospital
rather than a thirty-day endpoint, and the two are not
interchangeable: an in-hospital endpoint misses deaths shortly
after discharge and can be lengthened by a prolonged admission.

ascertained from the

2.6 Statistical analysis

Continuous variables are summarised as the median with
the interquartile range and compared with the Mann-Whitney U
test; categorical variables are summarised as counts with
percentages and compared with Fisher's exact test or Pearson's
chi-square as the expected counts allowed. Proportions carry
Wilson score confidence intervals, which behave correctly at the
boundary where a Wald interval does not30.

Discrimination was quantified by the area under the receiver
operating characteristic curve, computed as the Mann-Whitney
statistic with mid-rank handling of ties and reported with a
DeLong confidence interval3l. Because the DeLong variance is
anti-conservative at this sample size, each area was also tested
against the null of 0.5 by a 200,000-replicate two-sided
permutation test, in which a replicate counts against the null
when its area is at least as far from 0.5 in either direction as the
observed value. Operating characteristics were computed at
every observed cut-off: sensitivity, specificity, positive and
negative predictive value with Wilson intervals, and positive and
negative likelihood ratios with Katz log-normal intervals. The
optimal cut-off was identified by the maximum Youden index
and is reported as a plateau where more than one cut-off attains
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the maximum, because an argmax over a discrete score is biased
toward the smallest tied value.

Calibration of the Boey score was assessed against its own
published mortality table by the ratio of observed to expected
deaths, by exact binomial tests within each score level, by the
calibration slope and by calibration-in-the-large with the slope
fixed at unity, and globally by the exact convolution of the four
stratum-specific distributions?27.28,
Lemeshow statistic was computed because it is conventionally
requested, and is reported alongside an explanation of why it is
not a valid goodness-of-fit test for an externally fixed model
evaluated on its own strata. Overall accuracy was summarised
by the Brier score and by the scaled Brier score referenced to the
cohort prevalence. Clinical usefulness was assessed by decision-
curve analysis of the two prescribed decision rules - Boey =2
and Jabalpur 210 - rather than of the envelope over all cut-offs,
since an envelope selected in the same data is optimistic2’. Both
scores were additionally refitted as logistic models and their
apparent performance corrected by fifty repetitions of ten-fold
cross-validation, with the dispersion of the cross-validated
statistics across repetitions reported alongside their mean.
Analyses were performed in Python 3.11 with NumPy and SciPy;
the analysis script and the verification harness are supplied as
supplementary material. Two-sided p values are reported to
three decimal places and significance was set at 0.05. No
adjustment for multiplicity was made: the two areas under the
curve are the pre-specified primary comparison, and every other
p value in this paper is descriptive of a single covariate and is
interpreted as such rather than as a screening decision.

binomial A Hosmer-

Three quantities conventionally requested of a head-to-head
comparison are not identified by aggregate output and are
bounded or refused rather than fabricated: the variance of the
difference between the two areas, for which the DeLong test was
evaluated at both extremes of the transportation polytope of
admissible pairings and under independence and is reported as
an interval of p values; the net reclassification improvement,
which is not reported at all; and accuracy within any subgroup.

2.7 Sample size and precision

The primary study estimated its target from a single-
proportion sensitivity formula, n = Z2aipha/2 X Sn(1 - Sn) / (d2 x
P), with Z = 1.96, an anticipated sensitivity of 92%, an absolute
precision of 10% and an expected prevalence of 99%, which
returns 29 and was reported as 28. That formula sizes a study to
estimate one sensitivity to a stated precision; it does not size a
comparison of two areas under the curve?2s.

Precision is therefore reported directly. Under the null of an
area of 0.5 the standard error of a non-parametric area with 29
events and 26 non-events is 0.079, so the smallest area
detectable at 80% power and a two-sided alpha of 0.05 is 0.720.
At the area actually observed for the Boey score the power was
92.0%, so the Boey result was well powered. At the area
observed for the Jabalpur score, however, the power was only
34.1%, and the Jabalpur null must therefore be read as an
inconclusive result rather than as evidence that the score does
not discriminate. Under the most favourable pairing of the two
scores the observed difference of 0.123 would require about 46
patients for 80% power; under less favourable pairings it would
require considerably more.
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3. Results

3.1 Cohort and participant flow

Figure 1 sets out the participant flow. 55 adults underwent
emergency laparotomy for a non-traumatic gastric perforation
at Dr. Mohammad Hoesin General Hospital, Palembang between
January 2023 and September 2025 and had complete data on
both index tests and on the reference standard. 29 patients
(52.7%) died before discharge and 26 (47.3%) were discharged
alive. No outcome was missing and no patient was lost to follow-
up. Two variables rest on 54 rather than 55 patients: one serum
creatinine value was absent, and one heart rate was recorded as
0 per minute and is treated as missing.

The characteristics of the cohort are presented in Table 1.
The median age was 62 years among those who died and 63
years among survivors (p=0.736), and 38 of 55 patients (69.1%)
were men. Two variables separated the outcome groups. Systolic
pressure was lower in those who died (median 110 versus 125
mmHg, p=0.010), and the corresponding dichotomy at 100
mmHg carried an odds ratio of 6.32 (95% CI 1.23-32.34, Fisher
p=0.022). The interval between the onset of symptoms and
arrival at hospital was strongly associated with death across its
five ordered strata (chi-square 13.795, df 4, p=0.008; Cochran-
Armitage trend z=3.541, p<0.001): 12 of the 13 patients who
reached hospital more than 120 hours after onset died. Sex,
comorbidity, creatinine, heart rate and the site of the perforation

were not associated with the outcome.

Table 1. Demographic, physiological and operative characteristics of the 55 patients, stratified by in-hospital outcome.

Age, years, median (IQR) 62.0 (50.0-71.0) 63.0 (55.2-66.8) 63.0 (51.5-68.0) 0.736
Sex, n (%) 0.260

Male 18 (62.1) 20 (76.9) 38(69.1)

Female 11 (37.9) 6(23.1) 17 (30.9)
Systolic pressure, mmHg, median (IQR) 110.0 (90.0-130.0) | 125.0(112.0-138.8) ' 117.0 (103.0-135.0) 0.010
Heart rate, /minb, median (IQR) 101.0 (97.0-115.5) 102.0 (93.0-105.0) 0.279
Serum creatinine, mg/dL? median (IQR) 2.17 (1.36-3.53) 1.52 (1.04-2.31) 0.161
Preoperative shock (SBP <100 mmHg), n (%) 10 (34.5) 2(7.7) 12 (21.8) 0.022
Coexisting medical illness, n (%) 15 (51.7) 10 (38.5) 25 (45.5) 0.419
Delay to treatment >24 h, n (%) 27 (93.1) 22 (84.6) 49 (89.1) 0.406
Serum creatinine 21 mg/dL, n (%) 25 (86.2) 20 (76.9) 45 (81.8) 0.490
Heart rate >100/min, n (%) 14 (48.3) 15 (57.7) 29 (52.7) 0.591
Pre-hospital interval, n (%) 0.008

<24h 1(3.4) 2(7.7) 3(5.5)

25-72h 11 (37.9) 19 (73.1) 30 (54.5)

73-96 h 3(10.3) 4 (15.4) 7 (12.7)

97-120h 2(6.9) 0(0.0) 2(3.6)

>120 h 12 (41.4) 1(3.8) 13 (23.6)
Site of perforation, n (%) 0.325

Pylorus 1(3.4) 0 (0.0) 1(1.8)

Prepyloric 21 (72.4) 22 (84.6) 43(78.2)

Postpyloric 7 (24.1) 3(11.5) 10 (18.2)

Corpus 0(0.0) 1(3.8) 1(1.8)
Boey score, median (range) 2(1-3) 1(0-2) 1(0-3) 0.001
Jabalpur score, median (range) 11 (1-21) 9 (1-20) 10 (1-21) 0.118
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Notes: IQR, interquartile range; SBP, systolic blood pressure. Continuous variables compared with the Mann-Whitney U test; categorical variables with Fisher's exact test, except
the pre-hospital interval and the perforation site, which were compared with Pearson's chi-square. a{One creatinine value was missing, so that row is based on 54 patients and
no cohort summary is given; the categorical creatinine variable was complete for all 55. *One heart rate was recorded as 0 per minute and is treated as missing, so that row is
also based on 54 patients.

Adult patients operated for a non-traumatic
perforation of the stomach,
January 2023 —~ September 2025
(consecutive operative and medical
records screened)

v

Assessed for eligibility against the
pre-specified inclusion and exclusion criteria

Excluded

traumatic perforation
malignant perforation
non-operative
management
incomplete record for
* an index test or for the
reference standard

|
|
|
v

Enrolled and analysed
n=55
complete data on both index tests and on
the reference standard

I
v v

Index test 1 — Boey score

Index test 2 — Jabalpur score

0-3 points: delay > 24 h,
preoperative shock, comorbidity
n = 55 scored

0-21 observed: interval, systolic pressure,
heart rate, creatinine, age, comorbidity
n = 55 scored

¢ v

Reference standard applied to all 55 patients
in-hospital all-cause death after emergency laparotomy
ascertained from the discharge summary;
no patient lost to follow-up

¥

Died in hospital Discharged alive

n =29 (52.7%) n = 26 (47.3%)
Boey0/1/2/3: Boey0/1/2/3:
0/12710/7 71127710

Jabalpur median 11 (range 1-21) Jabalpur median 9 (range 1-20)

Cross-classified against each index test at every observed cut-off
2 x 2 contingency tables, ROC analysis, calibration
and decision-curve analysis

Figure 1. STARD 2015 flow diagram of patient selection, index-test computation and application of the reference standard. Both index tests
were computed for every enrolled patient and the reference standard was available for all of them.

3.2 Distribution of the two scores

Table 2 gives the distribution of both scores and the
mortality observed within each stratum. The Boey score was
higher among those who died (mean 1.83 % 0.80 versus 1.00 *
0.75, Mann-Whitney p=0.001). The Jabalpur score was also
higher among those who died, but not significantly so (mean
11.66 + 5.31 versus 9.58 + 5.62, p=0.118).

Mortality rose monotonically across the four Boey strata, as
displayed in Figure 3A: none of the 7 patients scoring 0 died, 12

of 24 (50.0%, 95% CI 31.4-68.6) scoring 1 died, 10 of 17 (58.8%,
36.0-78.4) scoring 2 died, and all 7 scoring 3 died (64.6-100.0).
The Cochran-Armitage test for trend gave z=3.526 (p<0.001).
The gradient across the Jabalpur bands, shown in Figure 3B, was
shallower and non-monotonic at the lower end: 3 of 8 (37.5%)
in the 0-4 band, 6 of 17 (35.3%) in 5-9, 9 of 14 (64.3%) in 10-14
and 11 of 16 (68.8%) in 15-21, with a trend statistic of z=2.064
(p=0.039). The two extreme Boey strata separate the cohort
completely; no Jabalpur band does.

Table 2. Distribution of both index tests and the in-hospital mortality observed within each stratum, with the mortality each stratum is

expected to carry.

Boey score
Boey 0 7 0
Boey 1 24 12
Boey 2 17 10
Boey 3 7 7

Jabalpur score band

0-4 8 3
5-9 17 6
10-14 14 9
15-21 16 11

0.0 0.0-35.4 0
50.0 31.4-68.6 10
58.8 36.0-78.4 45
100.0 64.6-100.0 100
37.5 13.7-69.4 not published
35.3 17.3-58.7 not published
64.3 38.8-83.7 not published
68.8 44.4-85.8 not published

Notes: Confidence intervals are Wilson score intervals. Published mortality for the Boey score is the original four-level table; no mortality table has been published for the
Jabalpur bands. Cochran-Armitage test for trend: Boey z = 3.526 (p<0.001); Jabalpur z = 2.064 (p=0.039).
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3.3 Discrimination and the head-to-head comparison

The receiver operating characteristic curves of both scores
are drawn on common axes in Figure 2 and the head-to-head
comparison is tabulated in Table 3. The Boey score achieved an
area of 0.747 (95% CI 0.630-0.863), significantly above chance
both by the DeLong z statistic (z=4.140, p<0.001) and by a two-
sided permutation test (p=0.001). The Jabalpur score achieved
0.623 (95% CI10.470-0.777), which was not distinguishable from
chance (z=1.578, p=0.115; permutation p=0.118). Its confidence
interval includes 0.5. At the area observed the study had only
34.1% power, so this is an inconclusive result and not a
demonstration that the Jabalpur score fails to discriminate.

The difference between the two areas is 0.123 in favour of
the Boey score, and that difference is identified exactly. Its
standard error is not, for the reason set out in section 4.5.
Evaluated across the pairings of the two scores the DeLong test
returns z=3.089 (p=0.002) when the two scores are as
concordant as their marginal distributions allow, z=1.255

(p=0.210) under independence, and z=0.935 (p=0.350) at
maximal discordance, so the p value lies somewhere in 0.002 to
0.350. That interval is an outer set rather than a sharp bound,
and the reason is worth stating precisely: the rearrangement
inequality maximises and minimises the covariance of the two
placement vectors without regard to whether the pairing it
produces is clinically possible. It is not always possible here. A
Boey score of 3 requires all three components including a
comorbidity, which alone contributes 5 Jabalpur points, so a
patient with a Boey score of 3 must have a Jabalpur score of at
least 5; yet 3 of the decedents have Jabalpur totals below 5, and
the discordant extreme assigns some of them to the 7 decedents
scoring 3 on the Boey scale. The true admissible set is therefore
narrower than the interval quoted, and the true p value closer to
its lower end, but no sharp value can be recovered from
aggregate output. What is not in doubt is the direction of the
difference and the fact that only one of the two areas is separable
from chance.

Table 3. Head-to-head diagnostic accuracy of the Boey and Jabalpur scores for in-hospital mortality.

Parameter Boey score Jabalpur score Comparison

Area under the ROC curve (95% CI)

p versus an area of 0.5, DeLong <0.001
p versus an area of 0.5, two-sided permutation 0.001
Power at the observed area 92.0%
Youden-optimal cut-off 2

Youden index at that cut-off 0.317

0.747 (0.630-0.863)

0.623 (0.470-0.777) see final row

0.115

0.118

34.1%

10

0.305

Sensitivity, % (95% CI)

Specificity, % (95% CI)

Positive predictive value, % (95% CI)
Negative predictive value, % (95% CI)
Positive likelihood ratio (95% CI)
Negative likelihood ratio (95% CI)
Overall accuracy, %

0dds ratio per point (95% CI)

Cross-validated area under the curve

Cross-validated calibration slope (SD over 50
repetitions)

Brier score
Scaled Brier score

Hosmer-Lemeshow-type statistica

Difference in areas (Boey minus Jabalpur)
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58.6 (40.7-74.5)

73.1 (53.9-86.3)

70.8 (50.8-85.1)

61.3 (43.8-76.3)

2.18 (1.08-4.40)

0.57 (0.35-0.93)

65.5

3.972 (1.687-9.353)

69.0 (50.8-82.7)

61.5 (42.5-77.6)

66.7 (48.8-80.8)

64.0 (44.5-79.8)

1.79 (1.04-3.09)

0.50 (0.27-0.94)
65.5

1.074 (0.971-1.188)

0.659 0.538
0.824 (0.056) -0.048 (0.241)
0.2597 0.2400
-0.042 0.037

43.979 on 2 df, p < 0.001

0.123

not applicable

DeLong p within 0.002
t0 0.350
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Notes: Operating characteristics are given at each score's Youden-optimal cut-off. Confidence intervals for proportions are Wilson score intervals and those for likelihood ratios
are Katz log-normal intervals. The difference between the two areas is exactly identified; its variance is not, because it depends on the joint distribution of the two scores within
a patient, which aggregate output does not fix. The DeLong p value is therefore given as an interval evaluated over the pairings of the two placement vectors (concordant
p=0.002, independent p=0.210, discordant p=0.350). That interval is an OUTER set, not a sharp bound: the discordant extreme includes pairings the two scores' shared
components forbid (section 3.3). “Reported because it is conventionally requested; it is not a valid goodness-of-fit test for an externally specified model evaluated on its own
strata (see section 3.5).

1.0 1

AAUC = 0.123 in favour of the Boey score

(exactly identified); the paired variance is not
identified from aggregate data, so the DelLong
p-value is bounded at 0.002 - 0.350

Sensitivity (true-positive fraction)

=== Boey score — AUC 0.747 (95% CI 0.630-0.863)
=== Jabalpur score — AUC 0.623 (95% CI 0.470-0.777)
= = Line of no discrimination

T T
0.4 0.6 0.8 1.0
1 - specificity (false-positive fraction)

Figure 2. Receiver operating characteristic curves of the Boey and Jabalpur scores for in-hospital mortality after emergency surgery for
gastric perforation, drawn on common axes. Filled circles mark the Youden-optimal cut-off of each score. The shaded bands are pointwise
95% bootstrap confidence bands on sensitivity at a fixed false-positive fraction, from 2,000 replicates in which survivors and decedents
were resampled independently with replacement.

(A) Boey score (B) Jabalpur score band
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Figure 3. In-hospital mortality by (A) Boey score and (B) Jabalpur score band. Error bars are Wilson score 95% confidence intervals, the
fraction above each bar gives deaths over patients in that stratum, and the dashed line marks the overall cohort mortality of 52.7%.

3.4 Operating characteristics at every cut-off

Table 4 gives sensitivity, specificity, predictive values and
likelihood ratios at every observed cut-off of both scores.
Three points on the Boey scale are of clinical interest. At a cut-

Manurung et al.

off of 1 - the threshold applied in the source study - sensitivity
was 100.0% (95% CI 88.3-100.0%) but specificity only 26.9%
(13.7-46.1%): every death occurred in a patient with at least
one Boey point, so a score of 0 excluded death with a negative
predictive value of 100%, but 48 of 55 patients met the
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threshold and the positive predictive value was only 60.4%. At
the Youden-optimal cut-off of 2 (Youden index 0.317),
sensitivity was 58.6% (40.7-74.5%) and specificity 73.1%
(53.9-86.3%), with a positive likelihood ratio of 2.18. At a cut-
off of 3, specificity and positive predictive value were both
100%: all 7 patients with the maximum score died. Both
statements about the ends of the scale rest on 7 patients each
and their intervals are correspondingly wide - 64.6% to 100%
for the mortality of a score of 3 and 0% to 35.4% for a score of
0 - so the extremes are informative without being certain, and
the sensitivity at a cut-off of 3 is only 24.1%.

The Jabalpur score reached its maximum Youden index of
0.305 at a cut-off of 10, which coincides with the boundary
between the second and third of the four bands set out in the
study protocol; those bands are the protocol's own and no
mortality has ever been published against them. There
sensitivity was 69.0% (50.8-82.7%) and specificity 61.5%
(42.5-77.6%), giving a positive likelihood ratio of 1.79 and a
negative likelihood ratio of 0.50. No cut-off of the Jabalpur
score achieved a Youden index above 0.305, and none
achieved a likelihood ratio far enough from unity to change
management. Each score's Youden maximum was attained at

a single cut-off, so no plateau needed to be reported.

Table 4. Operating characteristics of both index tests at every observed cut-off.

Specificity, %

Sensitivity, %

(95% CI) (95% CI)
Boey
21 29/19/0/7 | 100.0 (883-100.0) 269 (13.7-46.1) | 60.4 (46.3-73.0) | 100.0 (64.6-100.0) 137 = 0.00 0.269
22 V7171121 586(407-745) | 73.1(539-863) | 708(508-851) | 613(438763) | 218 057 0317
23 7/0/22/26 241(122-421) | 100.0 (87.1-100.0) | 100.0 (64.6-100.0) 542 (403-67.4) & o | 0.76 0.241
Jabalpur
>3 27/25/2/1  931(780-981) @ 38(0.7-189) | 519(38.7-649) = 333(61-792) | 097 = 179 | -0.031
>4 27/21/2/5  931(780-981) @ 19.2(8.5-37.9) | 562(423-69.3) = 714(359-918) & 115 = 036 0.123
25 26/21/3/5 897 (73.6:964)  19.2(85-37.9) | 553 (412-686) @ 625(30.6-863) | 111 = 054 0.089
26 26/19/3/7 897 (73.6:964) 269 (137-461) | 57.8(433-7.0) = 70.0(39.7-892) | 123 038 0.166
27 24/17/5/9 | 828(655924) | 34.6(19.4-538) | 585(434-722) = 643(388837) | 127 & 050 0.174
28 2/16/51 | 28(655924) | 385(224575) | 60.0(446737) | 667 (417-848) | 134 | 045 0.212
>9 2y 11‘2/ 8/ | 724(543-853) | 462 (288-645) | 60.0 (43.6-744)  60.0(38.7-781) | 134 | 0.60 0.186
>10 20/ 112/ 9/ | 69.0(508-82.7) | 615(425-77.6) | 667 (48.8-80.8) 640 (445-79.8) | 179 | 0.50 0.305
211 16/9/13/ | 552(37.5-716) | 654(462-80.6) | 640 (445-798) | 567(392-726) | 159 069 0.206
>12 13/ 27/ 16/ | 448(284-625) @ 654 (462-80.6) @ 591 (387-767) | 515(352-675) | 130 & 084 0.102
>13 W/O/I8/ | 379(227-560) | 654 (462:80.6) | 550(342742) | 486(330-644) | 110 | 095 0.033
>14 W/SII8] | 379(227-560) | 769(579-890) | 647(413827) | 526(373-675) @ 164 | 081 0.149
11/5/18/
215 . 379 (22.7-56.0) | 80.8(62.1-91.5) | 68.8(44.4-858) = 53.8(38.6-684) & 197 = 077 0.187
>16 8/5/21/21  27.6(147-457) | 808(62.1-91.5) | 615(355-82.3) = 50.0 (355-64.5) & 143 090 0.084
217 8/3/21/23 | 27.6(147-457) | 885 (71.0-96.0) & 727 (434-90.3) = 523(37.9-662) = 239 | 0.82 0.160
>18 6/3/23/23  207(9.8-384) | 885(71.0-960) 667 (354-87.9) = 50.0(361-639) & 179  0.90 0.092
220 1/3/28/23  34(06-172) | 885(71.0-960) & 250 (4.6-69.9) | 451(323-586) & 030 & 109 | -0.081
221 1/0/28/26 3.4(06-17.2) | 100.0 (87.1-100.0) | 100.0 (20.7-100.0) 481 (354-61.1) | o | 0.97 0.034

Notes: TP, true positive; FP, false positive; FN, false negative; TN, true negative; PPV, positive predictive value; NPV, negative predictive value; LR+, positive likelihood ratio; LR-
, negative likelihood ratio; o denotes a likelihood ratio that is not finite because the corresponding false-positive or false-negative count is zero. Every observed cut-off is listed
so that the reported optimum is not a selectively reported threshold. The Youden maximum is 0.317 at Boey > 2 and 0.305 at Jabalpur > 10; each maximum was attained at a
single cut-off.

admit no informative test, because a published risk of exactly 0%
or 100% carries no sampling variability; what can be said is that
the observations at both ends agree with the table, none of the 7
patients scoring 0 having died and all 7 scoring 3 having done so.

3.5 Calibration of the published Boey risk table

Discrimination describes ranking; it says nothing about
whether the absolute risks a score quotes are correct??. Table 5
lists the published Boey mortality table against what was
observed and Figure 4A plots the same comparison. Applying
the published risks of 0%, 10%, 45% and 100% to the observed
strata predicts 17.05 deaths against 29 observed, a ratio of
observed to expected of 1.70. The discrepancy is concentrated

Two summary measures of calibration are reported, and
both need a caveat that is easy to omit. Only two of the four Boey
strata carry a published risk strictly between 0 and 1, so both the
calibration slope and calibration-in-the-large are estimated
from those two strata alone, on 41 of the 55 patients. With two
design points and two free parameters the slope of 0.179 is a
saturated fit that passes exactly through both observed

almost entirely in one stratum: among the 24 patients scoring 1,
the table predicts 2.4 deaths and 12 occurred (exact binomial
p<0.001). Level 2 was well predicted (p=0.330). Levels 0 and 3
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proportions; it is a description of how much flatter the observed
gradient is than the published one, not a test with residual
degrees of freedom. Calibration-in-the-large with the slope fixed
at unity was 1.581 on the same 41 patients, corresponding to a
4.86-fold increase in the odds of death over the published risk;
within that subset the ratio of observed to expected deaths is
2.19 rather than the whole-cohort 1.70.

The global test does not depend on those two strata.
Convolving the four stratum-specific binomial distributions
gives the exact probability of observing 29 or more deaths under
the published risks as 9.19e-06; in 400,000 simulated cohorts
the largest death count reached was 29, attained 4 times. The
Brier score was 0.2597 against a no-information value of 0.2493,
so the scaled Brier score was -0.042: in this cohort, quoting the
published Boey risk to a family was slightly worse than quoting
the overall unit mortality of 52.7%.

A Hosmer-Lemeshow-type statistic on the two informative
levels was 43.979 on 2 degrees of freedom (p<0.001). This is
reported because it was requested, not because it is valid: the

test was designed for a model fitted in the data being tested, its
strata here are the score's own fixed levels rather than data-
derived deciles, and its reference distribution does not hold for
an externally specified model??. The exact binomial tests within
strata and the exact global tail above are the defensible
substitutes and reach the same conclusion.

No published risk table exists for the Jabalpur bands, so only
internal calibration could be assessed, and it is plotted by risk
quartile in Figure 4B. Refitted within this cohort the Jabalpur
score carried an odds ratio of 1.074 per point (95% CI 0.971-
1.188), an interval that includes unity. Its mean cross-validated
calibration slope was -0.048, but that mean is not a stable
quantity: across the fifty repetitions it had a standard deviation
of 0.241 and ranged from -0.510 to 0.586, so it should be read as
showing that the score carries no reliably transportable signal in
this sample rather than as an estimate of a slope. The Boey score
carried an odds ratio of 3.972 per point (95% CI 1.687-9.353), a
cross-validated slope of 0.824 (SD 0.056) and a cross-validated
area of 0.659 against 0.538 for the Jabalpur score.

Table 5. External calibration of the published Boey mortality table in this cohort.

- Published risk (%) | Expected deaths | Observed deaths ChsSIned mo(l;lt; iy ke Exact binomial p
0 0

Boey 0 7 0.00 0.0 (0.0-35.4) 1.000
Boey 1 24 10 2.40 12 50.0 (31.4-68.6) <0.001
Boey 2 17 45 7.65 10 58.8 (36.0-78.4) 0.330
Boey 3 7 100 7.00 7 100.0 (64.6-100.0) 1.000
Total 55 17.05 29 52.7 0:E1.70

Notes: Exact binomial tests compare the observed number of deaths in each stratum with the number the published risk predicts; a stratum whose published risk is 0% or 100%
admits no informative test and is shown as 1.000 where the observation agrees with it. Calibration slope 0.179; calibration-in-the-large with the slope fixed at unity 1.581 (odds
X 4.86); Brier score 0.2597 against a no-information value of 0.2493, scaled Brier -0.042. Convolving the four stratum-specific binomial distributions gives the exact probability
of 29 deaths or more under the published risks as 9.19e-06. The calibration slope and calibration-in-the-large are estimated from levels 1 and 2 only (41 patients), the two strata
whose published risk lies strictly between 0 and 1; with two design points the slope is a saturated fit and carries no residual degrees of freedom.

(A) Boey score — external calibration (B) Jabalpur score — internal calibration
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Figure 4. Calibration of the two index tests. (A) The Boey score against its own published mortality table, an external calibration. (B) The
Jabalpur score against risks refitted within this cohort by quartile, an internal calibration, since no mortality table has been published for its
bands.

3.6 Anatomical distribution of the perforation (78.2%) lay in the prepyloric segment of the anterior gastric
wall, 10 (18.2%) were recorded as postpyloric, one was at the

pylorus itself and one in the body of the stomach. Mortality by

The site of the breach was recorded in every patient and is
displayed in Figure 5A. Forty-three of the 55 perforations
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site was 21 of 43 (48.8%) for prepyloric, 7 of 10 (70.0%) for
postpyloric, 1 of 1 at the pylorus and 0 of 1 in the body, and the
differences were not significant (chi-square 3.470, df 3, p=0.325;
prepyloric site versus every other site, odds ratio for death 0.48,
Fisher p=0.339). With 43 of the 55 perforations at a single site

the study has very little power to detect such a difference, and
the anatomical result should be read as descriptive. The route by
which a breach at that site becomes a systemic illness, and the
point at which each score variable enters that route, is traced in
Figure 5B.

(A) Anatomical distribution of the perforation

oesophagus
Site of the

(B) From the breach to death, and where each score variable enters

(5¢

ore variable acting at this step -

B = Boey, | = Jabalpur]

Prepyloric — 43 (78.2%)
21 died (48.8%)

Pylarus — 1 (1.8%)

1 died (100.0%)

Postpyloric — 10 (18.2%)
7 died (70.0%)

Corpus — 1(1.8%)
0 died (0.0%)

body
(corpus)

antrum

duodenal cap

Full-thickness breach of the gastric wall

delay from perforation > 24 h
B+)

v

Spillage of acid and enteric content into the
lesser sac and the peritoneal cavity

v

Chemical, then bacterial, peritonitis with
large third-space fluid loss

coexisting medical illness
B+)

v

Systemic inflammatory response;
hypovolaemic and distributive shock

systolic pressure; heart rate

B+)

[ pre-hospital |nter’va| five strata
’[

v

Tissue hypoperfusion and organ dysfunction
(renal, cardiovascular, respiratory)

serum creatinine; age
J

-—»

}
-
-
]
]

)
|
)
)
l

v

In-hospital death — 29 of 55 patients (52.7%) }»——b[

reference standard ]

Marker area is proportional to the number of perforations.

Overall x? = 3.470, df = 3, p = 0.325; prepyloric versus every
other site, cdds ratic 2.10 (Fisher p = 0.339). A postpyloric breach
is duodenal rather than gastric and is reported as recorded.

The two instruments sample the same cascade at different depths. The Boey score takes one binary marker from
each of the first four steps; the Jabalpur score adds graded haemodynamic, renal and age terms. In this cohort
the coarser instrument discriminated better (area under the curve 0.747 versus 0.623).

Figure 5. (A) Anatomical distribution of the perforation in the 55 patients, with the mortality observed at each site. (B) The cascade from a
full-thickness breach of the gastric wall to death, with the variable each index test contributes at every step.

3.7 Clinical usefulness

Decision-curve analysis of the two prescribed decision rules
is shown in Figure 6A-B. Neither rule is useful across the whole
range of threshold probabilities. Treating every patient as high
risk carries the greatest net benefit below a threshold
probability of about 0.39, which is unsurprising in a cohort
whose mortality is 52.7%: when more than half of the patients
die, a policy of maximal support for everyone is hard to beat. The
rule Boey =2 exceeds both treat-all and treat-none over
threshold probabilities of 0.39 to 0.70, and the rule Jabalpur 210
over 0.37 to 0.66. Where the two rules are compared with each
other, Boey 22 carries the higher net benefit above a threshold
of 0.51 and the Jabalpur rule is marginally higher below it.

The practical reading is narrower than a decision curve of
the envelope over all cut-offs would suggest, and deliberately so:
an envelope chosen in the same data is optimistic2’. What the
fixed rules support is that in the region where a surgeon is
genuinely undecided - roughly a two-in-five to two-in-three
probability of death, the region in which the question is whether
to commit a scarce intensive care bed - either score adds
something over treating everyone alike, and above about one in
two the Boey rule adds more??. Below that region neither score
should displace maximal support for all.

3.8 The Boey score rebuilt from its components: bounds

The Boey score analysed above is the score as it was
computed and analysed in the source output. It is also possible

Manurung et al.

to ask what the score would look like if it were rebuilt from the
three component variables as they were separately tabulated:
preoperative shock in 12 patients (2 survivors, 10 deaths),
comorbidity in 25 (10, 15) and a delay beyond twenty-four
hours in 49 (22, 27). Those margins do not fix which patient
carried which combination, so the distribution of the score is
only partially identified, and they are also not unique: the source
records the delay in two different ways, as a binary variable at
twenty-four hours (6 patients within the window) and as the
five-stratum pre-hospital interval used by the Jabalpur score (3
patients within it). Both readings are carried through.

Under the binary delay variable, 495 joint distributions are
admissible and the area under the curve is bounded between
0.615 and 0.756; under the five-stratum interval, 198 are
admissible and the bounds are 0.610 to 0.732. Taking the union,
the component-based area lies between 0.610 and 0.756 (Figure
6B). This is a wider and less comfortable result than the analysed
value alone, and it matters: the lower end of the region, 0.610,
falls below the Jabalpur point estimate of 0.623. The ordering of
the two scores is therefore not guaranteed by the component
reading, even though it holds at the analysed value and across
most of the admissible set. That is stated here rather than buried,
because an earlier draft of this analysis asserted that the
direction was robust to this uncertainty, and it is not.
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(A) Decision-curve analysis
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Figure 6. (A) Decision-curve analysis of both index tests against the treat-all and treat-none strategies. (B) Point estimates with 95%
confidence intervals for the two areas under the curve, together with the sharp identification region for the Boey score rebuilt from its three
separately tabulated components.

4. Discussion

4.1 Principal findings

In 55 consecutive adults operated for non-traumatic gastric
perforation at the tertiary surgical referral centre for South
Sumatera, the three-variable Boey score separated survivors
from decedents and the six-variable Jabalpur score did not. The
areas under the curve were 0.747 and 0.623 respectively; only
the firstis distinguishable from chance. Mortality across the four
Boey strata was 0%, 50.0%, 58.8% and 100%, a monotone
gradient with a trend statistic of p<0.001, and the two extreme
strata separated the cohort completely. The full head-to-head
comparison is set out in Table 3.

Two qualifications belong in the same breath as that finding,
and neither is a formality. The difference between the two areas,
0.123, is exactly identified, but its standard error is not, so the
formal comparison of the two scores is unresolved: the DeLong
p lies somewhere between 0.002 and 0.350 depending on how
the two scores are paired within patients. And the Jabalpur null
is inconclusive rather than negative: at the area observed the
study had 34.1% power. What this cohort supports is that the
Boey score works here and that the Jabalpur score has not been
shown to; it does not support a formal claim of superiority.

4.2 Discrimination in the context of published validations

An area of 0.747 for the Boey score sits comfortably within
the published range, and the operating characteristics behind
that estimate are set out at every cut-off in Table 4, with the
curves themselves drawn in Figure 2. The score has been
evaluated against mortality after perforated peptic ulcer in an
Indonesian series from Dr. M. Djamil Padang32, prospectively in
Nepallé, in two Indian series!7.18 and in two Egyptian ones1920,
and against the Mannheim Peritonitis Index in India33; mortality
rises across the four strata in each. A 2026 systematic review
and meta-analysis of the Boey score against the PULP score in
perforated peptic ulcer34 and a head-to-head comparison of the
ASA, Boey and PULP scores published the same year3s both
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retain the Boey score as a reference instrument, and an earlier
comparison against the POMPP score reached the same
conclusion3é. The agreement is reassuring, because it suggests
that a score built in Hong Kong in the 1980s still ranks
Indonesian patients correctly four decades later, in a case mix
with a far higher baseline mortality.

The comparison closest to ours in setting is the 2025 study
of 31 patients at this hospital29. At a Boey cut-off of 2 it reported
a sensitivity of 75.0% and a specificity of 53.3%, where the same
threshold in the cohort reported here gives 58.6% and 73.1%
(Table 4). The two series were assembled at the same centre
over adjacent periods, so the difference between them is a
difference in case mix and in threshold behaviour within one
referral stream rather than evidence about how the score travels
between centres.

The Jabalpur result is harder to reconcile with its literature,
and the first thing to say about it is that our study was not well
placed to detect a moderate effect: at the area observed the
power was only 34.1%, and the smallest area this cohort could
detect at 80% power was 0.720. The finding is an absence of
evidence at a resolution the study can support, not evidence of
absence. With that said, its developers reported a sensitivity of
87% and a specificity of 85%¢21, and later series have reported
sensitivities from 69% to 95%2223.2526, whereas our sensitivity
of 69.0% at the same threshold falls at the bottom of that range
and our specificity of 61.5% below it.

Two explanations for the gap are worth separating from the
question of power. The first is case mix, and it is weaker than it
first appears. The derivation paper is titled for peptic ulcer
perforation?!, so the index cannot simply be dismissed as an
instrument built for a different disease; what has changed is the
company it keeps, since most of its subsequent use has been in
undifferentiated perforation peritonitis, in which ileal and
appendicular perforations are prominent!022.2437, The same is
true of the score with which it is most often compared: the
Mannheim Peritonitis Index and its recent combinations and
rivals have almost all been evaluated in undifferentiated
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perforation peritonitis or in digestive tract perforation at
large3839.4041, Qur cohort is restricted to gastric perforation and
excludes malignancy, which is a narrower and physiologically
more homogeneous population, and homogeneity in the
predictors is exactly what flattens a discrimination statistic28.

There is also a structural reason why more variables need
not help. Every additional term in a score is an additional
opportunity for a value to be missing, mis-banded or recorded at
a different moment of the resuscitation. The Jabalpur score
bands systolic pressure and heart rate non-monotonically - a
systolic pressure of 130-159 mmHg scores 3 while 70-109
mmHg scores 0 - so a single reading taken after fluid
resuscitation rather than on arrival can move a patient two
points in either direction. The Boey score's three dichotomies
are far more robust to when the observation was made. In small
samples a coarse, stable instrument frequently outperforms a
fine, unstable one?7.28, and that is what was observed here.

4.3 Discrimination is not calibration

The Boey score ranked patients well and quantified their risk
badly, and the two findings must be kept apart??. Applying the
published mortality table to this cohort predicts 17.05 deaths
where 29 occurred. Under those published risks the exact
probability of observing 29 deaths or more, obtained by
convolving the four stratum-specific binomial distributions, is
9.19e-06. The scaled Brier score of -0.042 makes the practical
consequence plain: a surgeon who told the family of a patient
with a Boey score of 1 that the risk of death was 10% would have
been less accurate than one who simply quoted the unit's overall
mortality of 52.7%.

The miscalibration is not uniform, which is what makes it
interesting. Scores of 0, 2 and 3 were predicted well; the whole
of the discrepancy lies at a score of 1, where 12 of 24 patients
died against a published expectation of 2.4. A single Boey point
in Hong Kong in 1987 evidently did not mean what a single Boey
point means in Palembang in 2024. The most likely reason is
visible in Table 1: the commonest way to score a single point in
this cohort was a delay beyond twenty-four hours, present in 49
of 55 patients, and the pre-hospital interval here extends far
beyond anything contemplated in the original series - 13
patients reached hospital more than 120 hours after onset, of
whom 12 died. A dichotomy at twenty-four hours cannot
distinguish a patient who arrived at hour twenty-six from one
who arrived on day six. The stratum-by-stratum discrepancy is
set out in Table 5.

The implication for practice is specific. The ordering the
Boey score produces can be used; the percentages it quotes
cannot, at least not without local recalibration. We deliberately
do not propose a multiplicative recalibration factor derived from
the observed ratio of observed to expected deaths. Such a rule
would be fitted and evaluated in the same 55 patients, it would
be dominated by the single stratum in which the score fails, and
applied to the top stratum it would predict a mortality above
100%¢27.28, What is needed is a locally refitted table from a larger
multicentre Indonesian series, not an arithmetic correction to
this one.
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4.4 The anatomical dimension

Perforations in this cohort were overwhelmingly prepyloric:
43 of 55 (78.2%), with 10 recorded as postpyloric, one at the
pylorus itself and one in the body of the stomach (Figure 5A).
This distribution is the expected one. The prepyloric segment of
the anterior gastric wall is where acid-peptic injury
concentrates, the mucosa there is thinner than in the fundus or
the body, and the region lies at the watershed of the right and
left gastroepiploic territories!242. The single corpus perforation
in the series is consistent with how uncommon that site is
outside malignancy, and malignant perforation was an exclusion
criterion.

Site was not associated with mortality (chi-square 3.470, df
3, p=0.325; prepyloric site versus all other sites, odds ratio for
death 0.48, Fisher p=0.339), and with 43 of the perforations at
one site the study has almost no power to detect such an
association. The anatomical contribution to this paper is
therefore explanatory rather than predictive, and it is worth
stating what it explains. A prepyloric anterior breach discharges
directly into the supracolic compartment of the greater sac and
tracks down the right paracolic gutter, so contamination is
generalised from the outset and its extent is governed by elapsed
time rather than by site. That is precisely why the delay variable
dominates both scores, and why a score that measures elapsed
time crudely still
haemodynamics finely does not: at this site, in this population,
time is the dominant determinant of the peritoneal insult. Early
source control remains the single intervention with the largest
effect on that insult!4, which is why the delay terms of both
scores measure something the surgeon can still act on. The
mapping of each score variable onto the successive steps of that
cascade is drawn in Figure 5B.

works while one that measures

4.5 Measurement of the index tests

Three measurement issues qualify the interpretation. The
first is that scoring was retrospective. Both index tests were
computed after discharge from a record in which the outcome
was already present, so the blinding that STARD asks for could
not be achieved3?. The mitigation is that every component is an
objective measurement recorded contemporaneously for
clinical purposes - a blood pressure, a pulse, a creatinine, a
documented time of onset - rather than a judgement made at the
time of scoring. It is not a complete mitigation: the banding of a
borderline value is a judgement, and a reviewer who knows the
outcome may band it differently.

The second is that the Jabalpur rubric as reproduced in the
source protocol contains bands that do not tile the real line:
heart rates between 130 and 139 per minute, systolic pressures
between 160 and 179 mmHg, creatinine values below 0.6 mg/dL
and an age of exactly 75 years all fall between defined categories.
When the score is rebuilt from the recorded components under
the most natural reading of those gaps the totals differ from the
analysed totals by about 11% among survivors and 3% among
decedents. Some of the Jabalpur score's poor showing may
therefore be attributable to ascertainment rather than to the
instrument, and a prospective application with a fully specified
rubric would be a fairer test of it.

The third is that the record itself contains at least one
impossible value: a heart rate of 0 per minute in a patient who
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underwent laparotomy. That value is treated as missing here,
but its presence is a reminder that the Jabalpur score's four
physiological domains are only as good as the observations
entered into the chart, and that a score with more domains
inherits more of that noise than a score with three binary ones.
The corresponding data-quality audit was not performed in the
earlier analysis and should be routine.

4.6 Implications for practice

For a surgeon receiving a patient with a gastric perforation
at Dr. Mohammad Hoesin Central General Hospital, Palembang
or a comparable Indonesian centre, three recommendations
follow, each stated with the precision the data allow.

First, calculate the Boey score at admission. It takes under a
minute, requires no laboratory result, and it is the only one of
the two instruments that separated survivors from decedents
here. That is not the same as saying it is proven superior to the
Jabalpur score, and the paper does not say so.

Second, treat the extremes of the scale as informative and the
middle as uninformative. All 7 patients with a score of 3 died,
and none of the 7 with a score of 0 did. Those are the strongest
signals in the data and they are also the least precise: 7 of 7 gives
a95% interval of 64.6% to 100%, and 0 of 7 an interval of 0% to
35.4%. A score of 3 is a reason to secure the highest available
level of perioperative support - early source control,
protocolised resuscitation and an intensive care bed booked
before induction*243 - and to speak to the family before
operation; it is not a reason to withhold treatment, and the
ceiling of 35.4% at the other end of the scale means a score of 0
should reassure rather than reclassify. The intermediate scores
of 1 and 2 carried mortality of 50.0% and 58.8% and are not
separated by either score; for those patients the score should not
be the deciding input.

Third, do not quote the published Boey percentages to
families. Quote the local stratum-specific figures in Table 2 with
their confidence intervals, and recognise that at a score of 1 the
local risk is five times the published one. This is a general point
about importing a risk table across four decades and two
continents, and it applies to any of the scores in this
literature?7.28, The decision-curve analysis sharpens the same
point: below a threshold probability of about 0.39 neither score
improves on treating every patient as high risk, which in a cohort
with 52.7% mortality is the honest default.

Underlying all three is the finding in Table 1 that most
strongly resists any score. Twelve of the thirteen patients who
reached hospital more than 120 hours after the onset of
symptoms died. No preoperative score can recover a delay of
that magnitude, and the largest available gain in survival at this
centre lies in the referral pathway rather than in the choice of
scoring instrument?29,

These three recommendations are consistent with what the
wider literature identifies as the dominant determinants of
outcome after peptic ulcer perforation. Preoperative shock,
delay between onset and operation, and advanced age recur as
independent predictors of early death across series from several
health systems!364244 — and all three are variables the Boey
score already carries. A score that adds terms without adding
any of these is unlikely to add much.
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4.7 Strengths

The cohort is consecutive and complete: total sampling
within a defined accrual window, no missing outcome and no
loss to follow-up, and a single unambiguous reference standard
requiring no adjudication. Both index tests were available for
every patient, so the two scores are compared on identical
patients rather than on overlapping subsets. The analysis is
reported to STARD 2015 with a complete participant flow
diagram, and operating characteristics are given at every
observed cut-off rather than only at the one that performed best,
which removes the optimism of a selectively reported threshold.
Discrimination is tested by permutation as well as by the DeLong
statistic, because the DeLong variance is anti-conservative at
this sample size, and the optimal cut-off is reported with the
plateau convention. Every quantity in the paper is re-derived by
an executable verification harness that recomputes it from the
reconstructed data rather than matching it against a stored
value, and both the analysis code and that harness are supplied.

4.8 Limitations

The study is retrospective and confined to a single tertiary
referral centre, and its case mix — a mortality of 52.7% and a pre-
hospital interval extending beyond five days - is not that of a
well-resourced elective-referral system. The findings should be
generalised to comparable settings and not beyond them. The
sample of 55 patients with 29 deaths is small for a comparison
of two areas under the curve. It supported 92.0% power at the
area observed for the Boey score but only 34.1% at the area
observed for the Jabalpur score, so the Jabalpur result is
inconclusive; and the confidence interval around the difference
remains wide under every pairing. Fifty-five operative cases
over thirty-three months is also a low count for a provincial
referral centre, and the authors cannot exclude that records
were missed at the point of case ascertainment.

4.10 Future work

The obvious next study is a prospective multicentre
Indonesian cohort applying both scores with a fully specified
rubric at a fixed time point, powered for a difference in areas
under the curve of about 0.10 - roughly 46 patients under the
most favourable pairing and appreciably more under realistic
ones?8, Such a study should refit the Boey mortality table locally
rather than importing it, should record the perforation site
prospectively against a fixed anatomical nomenclature, should
include malignant perforation so that the age and comorbidity
terms of the Jabalpur score are given a fair test, and should
extend follow-up to thirty days. It should also record
complication grades, so that the morbidity endpoint this analysis
could not address becomes available42.

A second line of work is worth naming because it lies outside
what any purely clinical score can reach. Recent series have
added information to these models from sources the Boey and
Jabalpur scores do not use: admission biomarkers#¢, nutritional
indices derived from routine blood counts*?, and radiologically
measured sarcopenia in older patients48. Not one of these was
recorded in the source records used here, and they cannot be
recovered retrospectively; a prospective cohort at this centre
could collect all three at negligible marginal cost, and would be
better placed than the present study to say whether anything is
gained by extending a bedside score at all.
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5. Conclusion

In 55 consecutive adults undergoing emergency laparotomy
for non-traumatic gastric perforation at an Indonesian tertiary
referral centre, the three-variable Boey score separated
survivors from decedents (area under the curve 0.747, 95% CI
0.630-0.863) and the six-variable Jabalpur score did not (0.623,
0.470-0.777), although the latter result was underpowered. The
difference of 0.123 favours the Boey score but is not formally
resolvable from aggregate data, with a DeLong p bounded within
0.002 to 0.350. Mortality rose monotonically across the Boey
strata and the extreme strata separated the cohort completely,
so the Boey score is the more defensible bedside instrument in
this setting, with a score of 3 read as a reason to secure maximal
support and a score of 0 as reassurance rather than
reclassification. Its published mortality table,
underestimated death by a factor of 1.70 and was less accurate
than quoting the unit's overall mortality, so local stratum-
specific risks should be used when counselling families. A
prospective multicentre Indonesian validation with a locally
refitted risk table is required.
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