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ABSTRACT

Background: The Blunt Abdominal Trauma Scoring System (BATSS) guides imaging
after blunt abdominal trauma, but its accuracy in Indonesian patients already selected
for computed tomography (CT) or laparotomy is uncertain.

Objective: To evaluate BATSS diagnostic accuracy for intra-abdominal injury (IAI) in a
high-prevalence trauma cohort.

Methods: This retrospective study included patients aged 217 years who underwent
contrast-enhanced CT or laparotomy in Palembang, Indonesia, from July 2021 to July
2025. Analyses estimated discrimination, threshold accuracy, stratum-specific
likelihood ratios (SSLRs), and arithmetic bounds on component frequencies.

Results: Among 37 patients, 34 (91.9%) had IAI The area under the receiver operating
characteristic curve (AUC) was 0.525 (95% CI 0.053-0.996; permutation p = 0.906). At
the protocol threshold of 212, sensitivity was 64.7% (95% CI 46.5-80.3%) and
specificity 66.7% (9.4-99.2%); at 210, they were 82.4% and 33.3%. Risk-band SSLRs
(0.53, 0.53, 1.94) had confidence intervals spanning 1. Six injured patients scored 2-4.
One uninjured patient scored 19, which requires a positive focused assessment with
sonography for trauma under BATSS weights; removing that patient raised the AUC to
0.757.

Conclusion: In patients already selected for CT or laparotomy, BATSS did not
discriminate IAl, and a low score did not exclude injury. The estimates were fragile.
BATSS should not be used to withhold imaging in this setting; prospective multicentre

© 2025 The Authors. Authors retain copyright
and grant the journal the right of first
publication. Published by HM Publisher.

1. Introduction

Injury remains a leading cause of death and disability in
Southeast Asia. In 2021 the countries of the Association of
Southeast Asian Nations recorded an estimated 35.5 million
injury cases and about 317,000 injury deaths, and road injury
was the leading cause of injury death in most member states,
including Indonesial. Globally, road-injury incidence exceeded
100 million cases in 2019 and peaks in early adulthood?. In
Indonesia, road traffic crashes are common in both urban and
rural districts, helmet use is protective, and motorcycle risk-
taking begins in adolescence: about 40% of surveyed Jakarta
schoolchildren reported a motorcycle crash in the previous
year34. Motorcycles accounted for more than 90% of traffic-
related head-injury admissions in North Maluku, and more than
half of those patients reach hospital more than four hours after
injurys. Blunt abdominal trauma is a frequent component of this
burden. Series from tertiary centres in South Asia describe
predominantly male, road-traffic-injured patients in whom the
liver, spleen and bowel are frequently injuredé’. In an Indian
level I trauma-centre series, 37.0% underwent surgery and
mortality was 11.7%?7.

The central difficulty after blunt abdominal trauma is that
injury may be clinically silent at presentation. Physician gestalt
predicted significant abdominal or pelvic injury with an area
under the receiver operating characteristic curve (AUC) of only
0.70 in a multicentre cohort of more than 2,000 adultss;
abdominal signs had a sensitivity below 50% in polytrauma?;
examination missed nearly a third of injuries in older patients
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validation including unimaged patients is needed.

after low-energy falls'0; and the absence of abdominal
tenderness alone does not rule out intra-abdominal injury?™.
Focused assessment with sonography for trauma (FAST) detects
haemoperitoneum with high specificity but a pooled sensitivity
of only about 60%1213, its sensitivity improves with serial
examination4 and is lower in haemodynamically stable
patients?5, and in pelvic fracture retroperitoneal haematoma
produces both false-negative and false-positive scanslé-18,
Hollow viscus and mesenteric injuries, which account for
roughly one in ten blunt abdominal injuries and carry high
mortality when diagnosis is delayed, are the injuries most likely
to escape early detection??; the abdominal seat-belt sign marks
patients at particular risk2021,

Contrast-enhanced computed tomography (CT) is the
reference investigation for haemodynamically stable patients.
In a 2024 cohort of 480 haemodynamically stable patients with
high-energy blunt trauma and a normal initial CT, one patient
(0.2%) had an intra-abdominal injury identified during
observation?. CT is nevertheless not free: whole-body imaging
finds abdominal injury in fewer than a quarter of the patients
scanned, without a mortality benefit, while increasing radiation
dose, incidental findings and emergency-department length of
stay23-25, Low-severity patients with a normal examination and
FAST rarely have actionable CT findings2?6. An August 2025
preprint described a decision instrument with the potential to
reduce abdominopelvic CT use in minor blunt trauma by nearly
half, but prospective validation and peer review remained
necessary?’. In settings where CT is scarce, the trade-off runs the
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other way: adding CT to FAST in stable patients in Egypt halved
unnecessary laparotomies and reduced cost?8, and negative
laparotomy carries excess mortality?. In Indonesia, frontline
clinicians report weak prehospital handover and diagnostic
delays3%, many patients reach tertiary care late after referral
from district hospitals3!, and a reliable bedside triage tool would
therefore be valuable.

The Blunt Abdominal Trauma Scoring System (BATSS) was
derived in Tehran from 261 adults with suspected blunt
abdominal trauma, of whom 18.4% had IAI on CT32. It assigns
weighted points to seven bedside findings — tachycardia,
hypotension, abdominal pain, abdominal tenderness, lower
chest-wall signs, pelvic fracture and a positive FAST — and
divides patients into low (<8), moderate (8-11) and high (212)
risk bands. The derivation study reported that no low-risk
patient had a positive CT and that every high-risk patient did,
but those '100%' figures compared only the extreme bands and
set the moderate band aside32; in a later cohort of 1000 patients
from the same group, two-thirds scored in the low band33.
Subsequent single-centre studies from India, Pakistan, Egypt
and Indonesia reported differing diagnostic performance at
different thresholds and for different target conditions34-42; one
prospective Indian study concluded that the score was not
useful in its setting#3. Competing tools such as the Clinical
Abdominal Scoring System (CASS), the FASILA score and
prehospital laparotomy scores have also been evaluated44-47.
This variation makes local validation and explicit reporting of
thresholds and outcomes essential.

Two methodological issues complicate the interpretation of
this literature. First, a score's sensitivity and specificity are not
fixed properties: they shift between referred and non-referred
populations, and higher prevalence tends to accompany higher
sensitivity and lower specificity4849. Second, BATSS is usually
validated only in patients who received the reference standard,
and when the decision to obtain CT or operate is itself influenced
by findings that the score contains, partial verification bias
distorts both sensitivity and specificity>0. In Indonesia, the only
published BATSS validation, from Bali, analysed 44 patients and
reported a sensitivity of 91.4% and a specificity of 77.8% at
>1234, and a Balinese evaluation of CASS in a cohort with 94%
positive laparotomies found a negative predictive value of
16.6%>1. No study has reported the full threshold behaviour of
BATSS, its stratum-specific likelihood ratios, or what its fixed
point weights imply about the patients it misclassifies, in the
spectrum in which surgeons actually encounter the score —
patients already selected for definitive investigation at a
provincial trauma centre.

This study therefore aimed to evaluate the diagnostic
accuracy of BATSS for IAI among adults with blunt abdominal
trauma who underwent CT or laparotomy at Dr. Mohammad
Hoesin General Hospital, Palembang. The specific objectives
were to estimate discrimination and accuracy at every observed
threshold, including the original risk bands; to compare these
estimates with published validations; to use the arithmetic of
the score to determine what the observed totals imply about the
components present in correctly and incorrectly classified
patients; and to quantify the precision of the estimates and the
sample size that a definitive validation would require.
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2. Methods

Study design and reporting

This was a retrospective, single-centre diagnostic accuracy
study of the Blunt Abdominal Trauma Scoring System (BATSS)
as the index test and intra-abdominal injury (IAI) as the target
condition. It is reported in accordance with the Standards for
Reporting of Diagnostic Accuracy Studies (STARD 2015)52. The
intended role of the index test was triage: to identify, at the first
emergency-department assessment, the adults with blunt
abdominal trauma who need definitive investigation for IAI
Because only patients who underwent such an investigation
could be verified against the reference standard, the study
estimates accuracy within the spectrum of patients whom
clinicians had already selected for computed tomography (CT)
or laparotomy; this spectrum is stated explicitly throughout and
its consequences were examined quantitatively.

Setting and participants

The study was performed at Dr. Mohammad Hoesin General
Hospital, Palembang, the tertiary referral hospital and
designated trauma centre for South Sumatra province,
Indonesia, and the main teaching hospital of the Faculty of
Medicine, Universitas Sriwijaya. The hospital receives trauma
patients directly from the city and by referral from district
hospitals across the province, many of which lack continuous CT
services. Patients were identified from the hospital's medical-
record archive and the surgical department's trauma register
for admissions between 1 July 2021 and 31 July 2025, and all
eligible patients in that period were included consecutively.

Eligible patients were aged 17 years or older, presented to the
emergency department with blunt abdominal trauma as the
primary injury, and completed a definitive investigation for IAI,
defined as contrast-enhanced CT of the abdomen and pelvis or
exploratory laparotomy. Patients were excluded if the record
did not allow the BATSS to be calculated or the final diagnosis to
be ascertained, if the mechanism was penetrating or mixed, or if
they were younger than 17 years. The decision to obtain CT or
to operate was made by the treating team as part of routine care
and was not influenced by the study. The number of records
screened and excluded was not retained in the study database.

Index test

The BATSS was derived in Iran by multivariable logistic
regression in adults with blunt abdominal trauma and assigns
weighted points to seven findings available at the bedside32. The
components, definitions and weights applied are listed in Table
1. Each component was abstracted from the first documented
emergency-department assessment — the first recorded heart
rate and systolic blood pressure, the documented history and
abdominal examination, the documented chest-wall findings,
the radiological report of the pelvis and the result of the initial
focused assessment with sonography for trauma (FAST) — and
the total score (0-24) was calculated by a single investigator
using a standardised extraction form. The original risk bands
were used: low (<8), moderate (8-11) and high (212) risk32. The
study protocol pre-specified the high-risk threshold (212) for
the primary 2 x 2 analysis; all other observed thresholds,
including the cut-off of 8.5 that favoured sensitivity, were
examined as secondary analyses. The abstractor was not
blinded to the reference-standard result, which was
documented in the same record.
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Table 1. Components of the Blunt Abdominal Trauma Scoring System (BATSS).

Definition used (first emergency-department documentation)

Tachycardia Heart rate >100 beats/min at first recording Soft
Hypotension Systolic blood pressure <100 mmHg at first recording 4 Major
Abdominal pain Patient-reported abdominal pain 2 Soft
Abdominal tenderness Tenderness, guarding or rigidity on examination 3 Soft
Lower chest-wall sign Bruising, tenderness or fracture over ribs 6-12 1 Soft
Pelvic fracture Radiologically confirmed pelvic fracture 5 Major
Positive FAST Free intraperitoneal fluid on the initial FAST examination 8 Major
Total Range 0-24; risk bands: low <8, moderate 8-11, high 212 24

FAST, focused assessment with sonography for trauma. 'Major' and 'soft’ are descriptive labels used in this analysis for the three objective high-weight signs (17 points in total)

and the four low-weight signs (7 points in total); they are not part of the original score.

Records that did not allow every component to be determined
were excluded at eligibility, so all seven components were
available for each included patient and none was imputed; no
index-test result was indeterminate. FAST was performed
during the primary survey by the emergency or surgical team on
duty as part of routine care, and the operator and scanning
protocol were not recorded.

For interpretation, the three objective, high-weight
components — hypotension (4 points), pelvic fracture (5
points) and a positive FAST (8 points) — are referred to as major
signs, and the four low-weight components — tachycardia (1
point), abdominal pain (2 points), abdominal tenderness (3
points) and a lower chest-wall sign (1 point) — as soft signs.
These labels are descriptive and are not part of the original
score. The total score of each patient was available for analysis;
the presence or absence of each of the seven components was
not retained in the analysis dataset.

Target condition and reference standard

IAI was defined as any traumatic injury to a solid organ, hollow
viscus, the diaphragm, the mesentery or a major abdominal
vessel. It was considered present when the final, official report
of the contrast-enhanced CT scan described such an injury or
when it was identified and documented in the operative report
of an exploratory laparotomy. It was considered absent when
the definitive CT scan was reported as showing no acute
traumatic intra-abdominal finding or when laparotomy found
no injury requiring repair. For patients with IAI, the organs
involved were recorded and classified as solid organ only,
hollow viscus only, or mixed solid and hollow injury. The route
of verification (CT, laparotomy or both) was determined
clinically and was not recorded separately for each patient.

The reference standard was obtained during the index
admission; the interval between the emergency-department
assessmentand CT or laparotomy was not recorded. Because CT
and laparotomy differ in their sensitivity for hollow-viscus
injury and in their false-positive findings, the use of two
reference standards (differential verification) is acknowledged
as a potential source of bias, and the target condition was any
IAl rather than IAl requiring therapeutic intervention.

Other variables

Age at admission, sex and mechanism of injury (road traffic
crash, fall or other) were abstracted from the same records. Age
was analysed as a continuous variable and in three groups (<19,
19-40 and >40 years) as in the original study protocol.

Sample size

The a priori sample size was calculated for the precision of
sensitivity: assuming an expected sensitivity of 95%, a precision
of 10 percentage points, a = 0.05 and a prevalence of 50%, 37
patients were required, increased to 41 to allow for 10%
incomplete records. All 37 eligible patients identified during the
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study period were analysed. Because the achieved number of
patients without IAI determines the precision of specificity, the
precision and power actually attained were quantified, together
with the sample sizes that a definitive validation would require.

Statistical analysis

Categorical variables are presented as counts and percentages
with 95% Wilson score confidence intervals (CIs), and
continuous variables as mean * standard deviation and median
with interquartile range (IQR). The sex ratio was tested against
parity with an exact binomial test. The distribution of the total
score was compared between patients with and without [Al with
the Mann-Whitney U statistic, the Hodges-Lehmann shift, Cliff's
6 and Hedges' g; because only three patients had no IAl the p
value was obtained by exact permutation over all 7,770 possible
allocations of three negative labels among the 37 observed
scores.

Discrimination was summarised by the area under the
empirical receiver operating characteristic (ROC) curve (AUC),
with a 95% CI by the DeLong method, which was pre-specified
as the primary interval; the nonparametric asymptotic interval
implemented in SPSS, a logit-transformed DeLong interval and a
stratified bootstrap (20,000 resamples) were reported as
sensitivity analyses, and the AUC was also bounded by breaking
tied scores against and in favour of the score. At every observed
threshold, sensitivity, specificity and predictive values were
calculated with exact Clopper-Pearson 95% Cls, positive and
negative likelihood ratios (LR+, LR-) with log-method Cls
(adding 0.5 to every cell when a cell was zero), the diagnostic
odds ratio and the Youden index (J = sensitivity + specificity -
1). For the three original risk bands, stratum-specific likelihood
ratios (SSLRs) were calculated with log-method Cls, and trend
across bands was tested with an exact permutation version of
the Cochran-Armitage test and the Fisher-Freeman-Halton
test. The association between the score and IAI was also
modelled with Firth penalised-likelihood logistic regression,
which remains finite with sparse outcomes, reporting the odds
ratio (OR) per point with a profile penalised-likelihood 95% CI
and the Brier score.

Because the score is a sum of fixed integer weights, each
observed total is compatible with only a limited set of
component combinations. All 128 possible combinations of the
seven components were enumerated, and for each observed
total the components that were certainly present, possibly
present or certainly absent were identified. Summing over
patients gave exact lower and upper bounds for the number of
patients in each reference-standard group who could have had
each component, and hence for the sensitivity and specificity of
each component; each bound is attainable for that component.
The same enumeration identified the minimum number of
major signs that every attainable total requires.
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Sex, age group and mechanism were available only as
marginal frequencies, without cross-classification against IAI
Their associations with IAl were therefore examined as a
sensitivity analysis over the space of datasets consistent with
the observed marginals rather than estimated. Every
contingency table compatible with the margins was
enumerated, and the attainable ranges of the OR, Cramér's V,
risk difference and Fisher exact p value were reported together
with the proportion of admissible tables reaching p < 0.05; the
same approach bounded the sensitivity of the score for solid-
organ versus hollow-viscus injuries. To bound the score-IAl
association after adjustment, Firth models of IAI on the score
plus one covariate were fitted to every admissible patient-level
allocation of that covariate (62,029 allocations for sex and 1,806
for mechanism) and, for the three-level age group, to 4,000
random allocations (of 81,516,171 distinct admissible
allocations) supplemented by hill-climbing towards the extreme
coefficients; models that did not converge by Newton-Raphson
were refitted by direct maximisation of the penalised likelihood
rather than discarded. A range that spans the null indicates that
the data cannot identify the association.

Literature comparisons were restricted to sources publicly
available by 20 September 2025. Sensitivity and specificity at
the reported thresholds were compared with the present cohort
using two-sided Fisher's exact tests on available published
counts, with Holm adjustment within three sensitivity and two
specificity comparisons. The single AUC benchmark used this
cohort's DeLong standard error while treating the external AUC
as fixed; it was not a two-sample DeLong test. Cohen's h was
calculated as this cohort minus the published value, and,
because the studies differ in prevalence, threshold, outcome
definition and reference standard, these tests were interpreted
as descriptions of between-study heterogeneity rather than as
tests of a common accuracy. Predictive values were calculated
across pre-test probabilities from 2% to 98% using Jeffreys
posterior distributions for sensitivity and specificity (20,000
draws) to obtain 95% credible bands, and posterior
probabilities that specificity exceeded clinically relevant values
were reported. Decision curve analysis compared the net benefit
of imaging or exploring according to the score with imaging all
and imaging none, first at the observed prevalence and then, as
an illustration, at the 18.4% prevalence of the derivation cohort
of unselected emergency-department patients3253. The power of
the present design to reject an AUC of 0.50 was computed from
the Hanley-McNeil variance, and sample sizes for prespecified
precision of sensitivity, specificity and the AUC were derived for
a future validation study5455.

Three further sensitivity analyses addressed the small
number of patients without IAIl and the restriction to verified
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patients. First, each uninjured patient was removed in turn
(leave-one-out) and the AUC and specificity recalculated.
Second, to quantify partial verification, hypothetical uninjured
patients who would not have been imaged or operated on —
with scores of 2, 4 or 7 — were added one at a time to find how
many would be needed for the AUC to reach 0.70 and 0.80; these
scenarios describe the unobserved population and are not data.
Third, Bayesian summaries of specificity were repeated under a
uniform Beta(1, 1) prior, a near-Haldane Beta(0.01, 0.01) prior
and an informative Beta(8, 2) prior centred on the 80%
specificity typical of published validations.

All tests were two-sided with a = 0.05, and p values are
reported to three decimal places. The original data were held in
IBM SPSS Statistics 26 (IBM Corp., Armonk, NY, USA). The source
manuscript reports that the primary cohort analyses used
Python 3.14 with NumPy 2.4, SciPy 1.18 and matplotlib 3.10,
with source figures produced at 600 dpi; these original software
versions could not be verified because the original code was not
provided. The authorised literature comparisons were
recalculated using Python 3.12.14, NumPy 2.3.5 and SciPy
1.18.1, and Figure 8 was redrawn in matplotlib 3.11.2 at 400 dpi.
The other ten source figures were retained.

Ethical approval

The study was conducted in accordance with the Declaration of
Helsinki. The complete research protocol was submitted to the
institutional review board, the Ethics Committee of Dr.
Mohammad Hoesin General Hospital Palembang, and was
granted a formal ethical exemption (No.
DP.04.03/D.XVIIL.06.08/ETIK/202/2025). As the study relied
exclusively on the retrospective review of de-identified data
from existing medical records, the committee waived the need
for individual patient informed consent. No identifiable patient
information is reported.

3. Results

Participants

Thirty-seven patients met the eligibility criteria; all had both the
index test and the reference standard, and no index-test result
was missing or indeterminate (Figure 1). Their characteristics
are summarised in Table 2 and Figure 2. The mean age was 29.8
+11.5years (median 27, range 17-55); 25 patients (67.6%; 95%
CI 51.5-80.4%) were aged 19-40 years, and six (16.2%) were
17 or 18 years old. Twenty-nine were men (78.4%; 95% CI 62.8-
88.6%), a male-to-female ratio of 3.6:1 that departed from parity
(exact binomial p < 0.001). Road traffic crashes accounted for 33
injuries (89.2%; 95% CI 75.3-95.7%), falls for two and other
mechanisms for two. The reference standard identified IAl in 34
patients, a prevalence of 91.9% (95% CI 78.7-97.2%); three
patients had no IAL
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Adults (=17 years) with blunt abdominal trauma treated at
Dr. Mohammad Hoesin General Hospital, Palembang,
1 July 2021 - 31 July 2025 (medical-record archive)

p
Not eligible / excluded*:
+ no contrast-enhanced abdominal CT
and no exploratory laparotomy
+ records insufficient to compute
BATSS or assign final diagnosis
+ penetrating or mixed mechanism
* age <17 years

Eligible and analysed: n = 37
Index test (BATSS, 0-24) computed for all 37; no indeterminate results

v

' }

BATSS <8 BATSS 8-11 BATSS =12
(low risk) (moderate risk) (high risk)
n=7 n=7 n=23
| 1 J - 1 J | & | J
g * ! 's + N 's + N
Reference standard: Reference standard: Reference standard:
CT report or CT report or CT report or
operative findings operative findings operative findings

IAl present IAl absent IAl present IAl absent IAl present || 1Al absent
n==6 n=1 n==6 n=1 n=22 n=1

Totals: Al present 34 (91.9%), IAl absent 3 (8.1%)
no patient lost between index test and reference standard

*Counts of screened and excluded records were not retained in the study database.

Figure 1. STARD 2015 flow of participants. All 37 eligible patients received both the index test (BATSS, scored from the first emergency-
department documentation) and the reference standard (contrast-enhanced CT report or operative findings); the boxes give the reference-
standard result within each original BATSS risk band. IAl, intra-abdominal injury.

Table 2. Characteristics of the 37 patients with blunt abdominal trauma.

n (%) or summary 95% Cl, %
Age, years mean 29.8 + 11.5; median 27 (range 17-55)
Sex
Male 29 (78.4) 62.8-88.6
Female 8(21.6) 11.4-37.2
Age group
17-18 years 6 (16.2) 7.7-31.1
19-40 years 25 (67.6) 51.5-80.4
>40 years 6 (16.2) 7.7=31.1
Mechanism of injury
Road traffic crash 33(89.2) 75.3-95.7
Fall 2 (5.4) 1.5-17.7
Other 2 (5.4) 1.5-17.7
Reference standard
Intra-abdominal injury present 34 (91.9) 78.7-97.2
Intra-abdominal injury absent 3(8.1) 2.8-21.3
Injury pattern
Solid organ only 16 (43.2) 28.7-59.1
Hollow viscus only 15 (40.5) 26.3-56.5
Mixed solid and hollow 3(8.1) 2.8-21.3
No intra-abdominal injury 3(8.1) 2.8-21.3
BATSS risk band
Low (<8) 7 (18.9) 9.5-34.2
Moderate (8-11) 7 (18.9) 9.5-34.2
High (212) 23 (62.2) 46.1-75.9
BATSS total score mean 11.84 + 4.75; median 13 (IQR 10-14; range 2-20)

CI, Wilson score confidence interval; IQR, interquartile range (SPSS weighted-average definition). Male:female ratio 3.6:1 (exact binomial test against 1:1, p < 0.001).
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A. Cohort characteristics (n = 37)

Male sex *— 29/37
Age <19 years | =—@=—— 6/37
Age 19-40 years - *— 25/37
Age >40 years | =—@=— 6/37

Road traffic crash - —e— 33/37

Fall 4=@=— 2/37

Other mechanism -|=@=— 2/37
IAl present (reference standard) —e= 34/37
Solid organ only ] 16/37
Hollow viscus only — 15/37

Mixed solid and hollow - =@ 3/37

0 20 40 60 80 100
Proportion of cohort, % (95% Wilson ClI)

Extrahepatic bile duct

B. Organ involvement among IAl (n = 34)

Colon 9 (26.5%)

Liver 9 (26.5%)

4 (11.8%)

Spleen
Jejunum 4 (11.8%)
Pancreas
Mesentery
Duodenum
Stomach
1(2.9%)
Diaphragm 1(2.9%)

lleum 1(2.9%)

0.0 25 50 7.5 10.0 125
Injured patients with organ involved, n (% of 34)

Figure 2. Cohort profile. (A) Demographic, mechanism and injury-pattern proportions with 95% Wilson confidence intervals (n = 37). (B)
Organ involvement among the 34 patients with intra-abdominal injury, counting each organ once per patient (combined injuries contribute

to every organ involved).

Injury pattern

Among the 34 patients with 1Al, 16 (47.1% of injured patients;
43.2% of the cohort) had solid-organ injury only, 15 (44.1%;
40.5% of the cohort) had hollow-viscus injury only and three
(8.8%) had combined solid and hollow injuries (Table 3). When
each organ was counted once per patient, the liver and the colon
were each involved in nine patients (26.5% of injured patients;

95% CI 14.6-43.1%), followed by the spleen and jejunum (four
each), the pancreas (three) and the stomach and duodenum
(two each); one patient each had injuries of the ileum,
diaphragm or extrahepatic bile duct, and two had mesenteric
injuries (Figure 2B). Eighteen of the 34 injured patients (52.9%;
95% CI 36.7-68.5%) therefore had at least one hollow-viscus
injury.

Table 3. Organs injured among the 34 patients with intra-abdominal injury.

Organ(s) injured (as recorded n (% of 34 95% CI, %

Colon 8(23.5)

Liver 6 (17.6)

Spleen 4(11.8)

Jejunum 3(8.8)

Pancreas 3(8.8)

Duodenum 2(5.9)

Stomach 1(2.9)

Ileum 1(2.9)

Mesentery 1(2.9)

Ileal mesentery 1(2.9)

Diaphragm and stomach 1(2.9)

Liver and extrahepatic bile duct 1(2.9)

Liver and colon 1(2.9)

Liver and jejunum 1(2.9)

Organ involved (any)
Liver 9 (26.5) 14.6-43.1
Colon 9 (26.5) 14.6-43.1
Jejunum 4(11.8) 4.7-26.6
Spleen 4(11.8) 4.7-26.6
Pancreas 3(8.8) 3.0-23.0
Stomach 2(5.9) 1.6-19.1
Duodenum 2(5.9) 1.6-19.1
Mesentery 2 (5.9) 1.6-19.1
lleum 1(2.9) 0.5-14.9
Diaphragm 1(2.9) 0.5-14.9
Extrahepatic bile duct 1(2.9) 0.5-14.9

Any hollow-viscus involvement 18 (52.9) 3673.7-6854.8

Upper block: mutually exclusive injury categories as recorded. Lower block: each organ counted once per patient, so combined injuries contribute to every organ involved. CI,
Wilson score interval. Hollow-viscus involvement = hollow viscus only (15) plus mixed solid and hollow injuries (3).

Distribution of the score

The total score ranged from 2 to 20 (mean 11.84 * 4.75; median
13, IQR 10-14), and only 12 distinct values were observed
(Table 4, Figure 3). Twenty-three patients (62.2%) were in the
high-risk band, seven (18.9%) in the moderate band and seven
(18.9%) in the low band. Patients with IAl had a median score of

Wicaksana et al.

13 (IQR 10-14; mean 11.79 * 4.73); the three patients without
IAI scored 7, 11 and 19 (median 11; mean 12.33). Six injured
patients scored 2, 3 or 4, lower than every uninjured patient,
whereas the uninjured patient with a score of 19 ranked above
31 of the 34 injured patients. The distributions were not
distinguishable: Mann-Whitney U = 53.5, Hodges-Lehmann
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shift 0.5 point, Cliff's § = 0.049 and Hedges' g =-0.11 (95% CI -
1.26 to 1.05), with an exact permutation p of 0.906. In Firth
logistic regression, the OR for IAI per BATSS point was 0.997

(95% CI 0.75-1.24; p = 0.977), and the Brier score of the fitted
model (0.0749) did not improve on that of the prevalence alone
(0.0745).

Table 4. Distribution of the BATSS total score by reference-standard status.

BATSS Original band IAI present (n = 34) IAI absent (n = 3)
score
20 1

Sensitivity at = 1 - specificity at 2

score, % score, %
High 0
19 High 2 1 8.8 33.3
15 High 3 0 17.6 33.3
14 High 10 0 47.1 33.3
13 High 5 0 61.8 33.3
12 High 1 0 64.7 33.3
11 Moderate 3 1 73.5 66.7
10 Moderate 3 0 82.4 66.7
7 Low 0 1 82.4 100.0
4 Low 2 0 88.2 100.0
3 Low 2 0 94.1 100.0
2 Low 2 0 100.0 100.0
Summary median 13 (IQR 10-14); mean median 11 (range 7-19);
11.79 £4.73 mean 12.33 + 6.11

[Al, intra-abdominal injury; IQR, interquartile range. Only the 12 listed values were observed. Mann-Whitney U = 53.5, AUC = 0.525, Cliff's 6 = 0.049, Hodges-Lehmann shift
(present - absent) = 0.5 point; exact permutation p = 0.906 (all 7,770 allocations of three negatives among 37 patients).

Low risk (<8) Moderate (8-11) High risk (=12)
median 13
| ¢
IAl present | e 6 o P S 5 @® ® o
(n = 34) v v v v ¥ S v L
v
| ©
IAl absent | |
(n = 3) A A A
7 ].|1 19
AUC 0.525; exact permutation p = 0.906
1 T 1 I I I 1 I I 1 ] 1 I
0 2 4 6 8 10 12 14 16 18 20 22 24

BATSS total score (points, attainable range 0-24)

Figure 3. Observed BATSS total score of every patient by reference-standard status. Each circle is one patient with intra-abdominal injury
(IAI) and each triangle one patient without IAI (scores 7, 11 and 19); vertical bars mark group medians; shading shows the original risk bands.
No patient scored 0-1, 5-6, 8-9 or 16-18. AUC 0.525; exact permutation p = 0.906.

DeLong 0.143-0.880; bootstrap 0.088-0.863), and the exact
permutation test gave p = 0.906. Breaking tied scores against or
in favour of the score bounded the AUC between 0.500 and
0.549.

Discrimination and accuracy across thresholds

The empirical ROC curve lay close to the line of no
discrimination (Figure 4). The AUC was 0.525 (DeLong 95% CI
0.053-0.996; SPSS nonparametric 95% CI 0.133-0.916; logit-
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Figure 4. Empirical receiver operating characteristic curve of BATSS for intra-abdominal injury (34 with and 3 without injury). Each point is
an observed cut-off; diagonal segments reflect tied scores across reference-standard groups. Squares mark the protocol threshold 212, which

also maximised the Youden index, and the threshold 210 (SPSS cut-off 8.5). AUC 0.525 (DeLong 95% CI 0.053-0.996).

Accuracy at every observed threshold is shown in Table 5 and
Figure 5. At the protocol threshold of 212, the score classified 22
of 34 injured patients as positive (sensitivity 64.7 (46.5-
80.3)%) and two of three uninjured patients as negative
(specificity 66.7 (9.4-99.2)%); LR+ was 1.94 (0.38-9.80) and
LR- 0.53 (0.21-1.33). This threshold gave the highest Youden
index (0.314). At the sensitivity-oriented cut-off of 8.5 —
equivalent to 210, and identical in classification to 28 because

no patient scored 8 or 9 — sensitivity was 82.4 (65.5-93.2)%
and specificity 33.3 (0.8-90.6)%, with a Youden index of 0.157,
LR+ 124 (0.55-2.79) and LR- 0.53 (0.09-3.07). The
corresponding positive predictive value was 93.3 (77.9-99.2)%
and the negative predictive value 14.3 (0.4-57.9)%. Every
threshold at or below 7 classified all three uninjured patients as
positive, and no threshold produced an LR+ whose 95% CI
excluded 1 or an LR- whose 95% CI lay entirely below 1.

Table 5. Diagnostic accuracy of BATSS for intra-abdominal injury at every observed threshold.

Specificity, %

PPV, % (95%
CI

NPV, % (95% LR+ (95% LR- (95%
CI CI CI

Threshold TP/FP/FN/ Sensitivity, %
TN 95% CI
>3

95% CI

32/3/2/0 94.1 (80.3-99.3) 0.0 (0.0-70.8) 91.4 (76.9-98.2) 0.0 (0.0-84.2) 1.06 (0.72- 0.57 (0.03- -0.059
1.55) 9.93)

>4 30/3/4/0 88.2 (72.5-96.7) 0.0 (0.0-70.8) 90.9 (75.7-98.1) 0.0 (0.0-60.2) 1.00 (0.67- 1.03 (0.07- -0.118
1.47) 15.81)

=7 28/3/6/0 82.4 (65.5-93.2) 0.0 (0.0-70.8) 90.3 (74.2-98.0) 0.0 (0.0-45.9) 0.93 (0.62- 1.49 (0.10- -0.176
1.39) 21.76)

210 (=8.5; = 28/2/6/1 82.4 (65.5-93.2) | 33.3(0.8-90.6) | 93.3(77.9-99.2) | 14.3 (0.4-57.9) 1.24 (0.55- 0.53 (0.09- 0.157
28) 2.79) 3.07)

=11 25/2/9/1 73.5 (55.6-87.1) 33.3(0.8-90.6) 92.6 (75.7-99.1) 10.0 (0.3-44.5) 1.10 (0.48- 0.79 (0.15- 0.069
2.52) 4.33)

212 22/1/12/2 | 64.7 (46.5-80.3) | 66.7 (9.4-99.2) | 957 (78.1-99.9) | 14.3 (1.8-42.8) 1.94 (0.38- 0.53 (0.21- 0.314
(protocol) 9.80) 1.33)

=13 21/1/13/2 61.8 (43.6-77.8) 66.7 (9.4-99.2) 95.5 (77.2-99.9) 13.3 (1.7-40.5) 1.85 (0.37- 0.57 (0.23- 0.284
9.38) 1.42)

>14 16/1/18/2 | 47.1(29.8-64.9) | 66.7 (9.4-99.2) | 94.1(71.3-99.9) | 10.0 (1.2-31.7) 1.41 (0.27- 0.79 (0.34- 0.137
7.27) 1.88)

215 6/1/28/2 17.6 (6.8-34.5) 66.7 (9.4-99.2) 85.7 (42.1-99.6) 6.7 (0.8-22.1) 0.53 (0.09- 1.24 (0.55- -0.157
3.07) 2.79)

219 3/1/31/2 8.8 (1.9-23.7) 66.7 (9.4-99.2) 75.0 (19.4-99.4) 6.1 (0.7-20.2) 0.26 (0.04- 1.37 (0.61- -0.245
1.83) 3.06)

220 1/0/33/3 2.9 (0.1-15.3) 100.0 (29.2- 100.0 (2.5- 8.3 (1.8-22.5) 0.34 (0.02- 1.09 (0.75- 0.029
100.0) 100.0) 7.09) 1.59)

Test positive if score > threshold; no patient scored 8 or 9, so 28 classifies identically to 210. Proportions with exact Clopper-Pearson CIs; likelihood ratios with log-method Cls
(0.5 added to every cell when a cell was zero). Predictive values apply only to the observed prevalence of 91.9%. TP, true positive; FP, false positive; FN, false negative; TN, true
negative; PPV/NPV, positive/negative predictive value; LR, likelihood ratio.
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Pearson 95% confidence intervals; the shaded column marks 212. (B) Youden index ] = sensitivity + specificity - 1; the maximum (green)
occurred at 212. Because only three patients had no injury, specificity can take only the values 0%, 33.3%, 66.7% and 100%.

Original risk bands low and moderate bands and 1.94 (0.38-9.80) for the high band;

IAl was present in six of seven low-risk patients (85.7%; 95% CI every interval 1.ncluded 1. Neither the exact trend test (p =

48.7-97.4%), six of seven moderate-risk patients (85.7%) and 0.482) nor the F1§her—Freeman—I;Ialton test (p = 0'31,6_) showed

22 of 23 high-risk patients (95.7%; 95% CI 79.0-99.2%) (Table 2 8radient. Applied to the 18.4% pre-test probability of the

6, Figure 6). The SSLR was 0.53 (95% CI 0.09-3.07) for both the derivation coho'rt32, the point SSLRs would Fnove tl'{e probability
of IAI to 10.7% in the low band and 30.4% in the high band.

Table 6. Intra-abdominal injury and stratum-specific likelihood ratios across the original BATSS risk bands.

| Riskband | 1AL, % (95% CI) SSLR (95% CI) Post-test Post-test
present/absent probability at 50% probability at
pre-test, % 18.4% pre-test, %

Low risk (<8) 85.7 (48.7-97.4) 0.53 (0.09-3.07) 34.6 10.7
Moderate risk (8-11) 6/1 85.7 (48.7-97.4) 0.53 (0.09-3.07) 34.6 10.7
High risk (212) 23 22/1 95.7 (79.0-99.2) 1.94 (0.38-9.80) 66.0 30.4

IAl intra-abdominal injury; SSLR, stratum-specific likelihood ratio = (proportion of injured patients in the band)/(proportion of uninjured patients in the band), log-method
CI. Exact permutation test for trend across bands p = 0.482 (Cochran-Armitage z = 0.99); Fisher-Freeman-Halton exact p = 0.316. Post-test probabilities apply the point SSLR
to illustrative pre-test probabilities. With a single uninjured patient in each band, the log-method intervals are approximate.

A. Observed IAl proportion by band B. Stratum-specific likelihood ratios

1
cohort 91.9%!
1
1
1
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Figure 6. Original BATSS risk bands. (A) Proportion with intra-abdominal injury (IAI) in each band with 95% Wilson confidence intervals;
the dashed line is the cohort prevalence. (B) Stratum-specific likelihood ratios (SSLR) with 95% confidence intervals on a log scale; an SSLR
of 1 (vertical line) leaves the pre-test probability unchanged.
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(score 19) had scores that obligatorily included a positive FAST
together with hypotension or a pelvic fracture. Consequently,
the number of uninjured patients with a positive FAST lay
between 1 and 2 of three (FAST specificity 33.3-66.7%), and the
number of injured patients with a positive FAST between 3 and
28 of 34. The six injured patients with totals of 2-4 cannot have
had a positive FAST or a pelvic fracture; at most one major sign,
hypotension, is arithmetically possible only for the two who
scored 4. The bounds for the soft signs were uninformative,
spanning 0-100% in both groups.

Arithmetic architecture of the score

Enumeration of all 128 component combinations showed that
the four soft signs together contribute at most 7 points, so no
total of 8 or more can be reached without at least one major sign,
a total of 16 or more requires at least two, and a total of 17 or
more cannot be reached without a positive FAST (Figure 7A).
Applied to the observed totals (Table 7, Figure 7B), 28 of the 34
injured patients (82.4%) and two of the three uninjured patients
had scores that obligatorily included at least one major sign;
three injured patients (scores 19-20) and one uninjured patient

Table 7. Item frequencies compatible with the observed BATSS totals (exact arithmetic bounds).

Item Class Positive among IAI Positive among IAI Item sensitivity Item specificity
present (of 34 absent (of 3 range, % range, %
0-

Tachycardia (HR >100/min) 1 Soft 0-34 3 0.0-100.0 0.0-100.0
Hypotension (SBP <100 mmHg) 4 Major 0-30 0-3 0.0-88.2 0.0-100.0
Abdominal pain 2 Soft 0-34 0-3 0.0-100.0 0.0-100.0
Abdominal tenderness/guarding 3 Soft 0-32 0-3 0.0-94.1 0.0-100.0
Lower chest wall sign 1 Soft 0-34 0-3 0.0-100.0 0.0-100.0
Pelvic fracture 5 Major 1-28 0-3 2.9-82.4 0.0-100.0
Positive FAST 8 Major 3-28 1- 8.8-82.4 33.3-66.7

For each patient, every one of the 128 possible item combinations whose points sum to the observed total was enumerated; an item is 'certain’if present in all compatible
combinations and 'possible’ if present in at least one. Group bounds sum these over patients; each bound is attainable for that item, although not necessarily simultaneously for
all items. Totals 217 cannot be reached without a positive FAST (maximum without FAST = 16), totals 28 require at least one major sign (soft signs sum to at most 7), and
totals <7 exclude a positive FAST. The uninjured patient who scored 19 therefore had a positive FAST together with hypotension or a pelvic fracture.

A. Minimum number of major signs needed to reach each score (F = positive FAST obligatory)

soft signs only (maximum 7) F F F F F F F F

0 2 4 6 8 10 12 14 16 18 20 22 24
BATSS total score

B. Patients by obligatory major-sign content implied by their observed score

80 A 25 mmm Al present (n = 34)
@  |Al absent (n = 3)
g— 60
e
o
w5 407 1 1 1
< 7
3
No major sign required =1 major sign obligatory =2 major signs incl. FAST
(score 2-7) (score 10-15) (score 19-20)

Figure 7. Arithmetic architecture of BATSS. (A) For every attainable total (0-24), the minimum number of major signs (hypotension, pelvic
fracture, positive FAST) that any item combination reaching that total must contain; 'F' marks totals that cannot be reached without a positive
FAST. The four soft signs (abdominal pain, tenderness, lower chest-wall sign, tachycardia) sum to at most 7, so they cannot by themselves lift
a patient out of the low-risk band. (B) Patients grouped by the major-sign content that their observed score makes obligatory, by reference-
standard status.

was lower than the 98.3% reported from Chennai (Fisher p =
0.005, Holm p = 0.009; h = -1.65). The AUC of 0.525 was below
the 0.992 reported from Chennai35, buta benchmark z-test using
only this cohort's DeLong standard error gave p = 0.052; this
calculation treats the published AUC as fixed and is not a two-
sample comparison. The case mix also differed sharply from the
derivation group's 1000-patient emergency-department
cohort33: 62.2% of the present patients were in the high-risk
band compared with 23.0% (exact binomial p <0.001; h = 0.82),
the mean score was 11.84 versus 6.29 (p <0.001), and the
prevalence of injury was 91.9% compared with 18.4% in the
derivation cohort32 (p <0.001). Because these studies differ in

Comparison with published studies

Table 8 and Figure 8 place the estimates beside validations
available by 20 September 2025. At 212, sensitivity was lower
than in the Bali validation34 (64.7% vs 91.4%; Fisher p = 0.009,
Holm p = 0.013; Cohen's h = —-0.68). At the lower threshold (=8
to 210), sensitivity (82.4%) was below the 100% reported from
Chennai3s (Fisher p = 0.007, Holm p = 0.013) and from
Kozhikode#?, where the prevalence of injury (90.3%) resembled
that of the present cohort (Fisher p <0.001, Holm p <0.001).
Specificity at 212 did not differ detectably from the Bali estimate
(66.7% vs 77.8%; p = 1.000), whereas specificity at 210 (33.3%)
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prevalence, threshold, outcome definition and reference accuracy; the spectrum contrast with the derivation cohort is
standard, the contrasts describe heterogeneity between study the most informative of them.
populations rather than differences in a single underlying

Table 8. BATSS performance in this cohort compared with published studies.

Study (setting) Threshold Published, % This cohort, % -m

Karjosukarso 2019 (Indonesia, Sensitivity 91.4 (32/35) 64.7 (22/34) Fisher 0.013 -0.68

Bali)34

Subbiah 2021 (India)35 Sensitivity =8 100 (41/41) 82.4 (28/34) Fisher 0.007 0.013 -0.87

Manjush 2024 (India; prevalence Sensitivity 8.5 100 (140/140) 82.4 (28/34) Fisher <0.001 <0.001 -0.87

90.3%)*°

Karjosukarso 2019 (Indonesia, Specificity 212 77.8 (7/9) 66.7 (2/3) Fisher 1.000 1.000 -0.25

Bali)3*

Subbiah 2021 (India)35 Specificity =8 98.3 (58/59) 33.3(1/3) Fisher 0.005 0.009 -1.65

Subbiah 2021 (India)35 AUC — 0.992 0.525 z (fixed 0.052 0.052 —
benchmark)

Shojaee 2020 derivation-group High-risk — 23.0 62.2 (23/37) Exact <0.001 — 0.82

cohort, n = 100033 band (212) binomial

Shojaee 2020 derivation-group Mean BATSS — 6.29 + 5.80 11.84 £ 4.75 One-sample t <0.001 — d=1.17

cohort,n = 100033

Shojaee 2014 derivation cohort, n = 1AI — 18.4 (48/261) 91.9 (34/37) Fisher <0.001 — 1.68

26132 prevalence

Comparisons use the threshold each study reported (this cohort: 212 = protocol threshold; 28 and 8.5 classify identically to 210 here). The literature cutoff was 20 September
2025. Two-sided Fisher's exact tests use the published counts; Holm adjustment is applied within three sensitivity and two specificity comparisons. The single AUC benchmark
uses this cohort's unrounded DeLong standard error (0.2407487) and treats the published AUC as fixed; no uncertainty from the external AUC is propagated. Cohen's h is this
cohort minus the published value (0.2 small, 0.5 medium, 0.8 large). Case-mix comparisons are descriptive and outside these accuracy families. The derivation study compared
only the extreme bands32. Manjush 2024 reported specificity of 97.3% with 15 patients without injury, which is arithmetically inconsistent (14/15 = 93.3%); its specificity is not
tested. Other reported point estimates without usable threshold-specific denominators include Sadia 2024 (sensitivity 65.9%, specificity 95%)#, Shah 2023 (100%, 87.1%)3,
and Sivarajan 2021 (specificity 100% above 12)36. IAl, intra-abdominal injury.

A. Sensitivity B. Specificity
This cohort, 212 (n = 37; A1 91.9%) - ——— — q
This cohort, 210 (n = 37; IA1 91.9%) L 1
Shojaee 2014, extreme bands (n = 261) - o 1 o
Karjosukarso 2019, 212 (n = 44; IAl 79.5%) 1 ’— 1
Subbiah 2021, 28 (n = 100; IAl 41.0%) — 1 —-
Shah 2023, risk bands (n = 100) 4 o 1 o
Manjush 2024, 8.5 (n = 155; Al 90.3%) - B o]
Sadia 2024, threshold NR (n = 185) - [+] E (]
E‘I 20 40 E:IO ﬂ‘l] 100 GI 20 40 6‘0 80 100
%, with exact 95% Cl when valid counts are available %, with exact 95% CI when valid counts are available

Filled squares: this cohort; filled circles and bars: published counts; open circles: reported point estimates

Extreme-band findings are not whole-cohort accuracy. Manjush specificity is inconsistent with its stated

Figure 8. Sensitivity and specificity of BATSS in this cohort and selected validations publicly available by 20 September 2025. Filled markers
with bars show exact Clopper-Pearson 95% confidence intervals from reported counts; open markers show published point estimates
without usable denominators. Shojaee's extreme-band statements are not whole-cohort sensitivity or specificity. The reported Manjush
specificity is inconsistent with its denominator and is shown without an interval. No pooled estimate is displayed.

strategy at all threshold probabilities below about 85%, and
neither BATSS strategy exceeded the net benefit of imaging all
within the clinically plausible range (Figure 10A). When the
observed sensitivity and specificity were transported to the
18.4% pre-test probability of the derivation cohort, the point-
estimate curves of the score-guided strategies lay slightly above
both default strategies only within a narrow band of low
threshold probabilities (Figure 10B); with specificity estimated
from three patients, this pattern is illustrative only. Under
alternative priors, the posterior probability that specificity at
>12 exceeded 80% ranged from 18.1% (uniform prior) to 44.2%
(informative prior centred on 80%), and at 210 it did not exceed
20.5%.

Predictive values across pre-test probabilities and
decision curves

Because sensitivity and specificity were both moderate or poor,
predictive values depended almost entirely on the pre-test
probability (Figure 9). At 212, the negative predictive value rose
from 14.3% at the observed prevalence to 65.4% at a pre-test
probability of 50% and 89.3% at 18.4% (95% credible band
68.2-94.2%), whereas the positive predictive value fell to 30.4%
(95% credible band 14.3-78.9%) at 18.4%. The posterior
probability that specificity at 212 exceeded 80% was 25.1%, and
the posterior probability that sensitivity at 210 exceeded 90%
was 7.7%. In the observed cohort, imaging or exploring every
patient yielded a higher net benefit than either score-guided
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Figure 9. Positive (PPV) and negative (NPV) predictive values of BATSS as a function of pre-test probability, at the thresholds 210 (A) and
212 (B). Lines use the observed sensitivity and specificity; shaded bands are 95% credible intervals from Jeffreys posteriors (20,000 draws).
Dotted lines mark the prevalence of injury in the score's derivation cohort (18.4%), the Chennai (41%) and Bali (79.5%) validation cohorts
and the present cohort (91.9%).
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Figure 10. Decision curves for imaging or exploring patients according to BATSS. Net benefit is plotted against the threshold probability at
which a clinician would image or explore. (A) The observed cohort (prevalence 91.9%). (B) The same sensitivity and specificity transported
to an 18.4% pre-test probability, the prevalence in the score's derivation cohort of unselected emergency-department patients; panel B uses
point estimates only and specificity rests on three patients.

sensitive for solid-organ or hollow-viscus injury was also not
identifiable: sensitivity at 210 could lie anywhere between
62.5% and 100% for solid-organ injury and between 60.0% and
100% for hollow-viscus injury. In contrast, the absence of a
score-IAl association was robust to adjustment: the adjusted OR
per point ranged from 0.51 to 1.25 across all 62,029 sex
allocations (significant in 0.02%), from 0.56 to 1.21 across all
1,806 mechanism allocations (0.33%) and from 0.55 to 1.39 for
age group (no sampled allocation significant). All 6 non-
converged sex models were refitted by direct maximisation and
retained.

Sensitivity analysis over datasets consistent with the
observed marginals

Associations of sex, age group and mechanism with IAI could not
be identified from the data (Table 9). Across the four tables
consistent with the sex and IAI margins, the OR ranged from
0.45 to 37.5, and only the single table that placed all three
uninjured patients among the eight women reached p < 0.05; for
mechanism the OR ranged from 0.97 to 156 (two of four tables
significant), and for age group Cramér's V ranged from 0.17 to
0.68 (four of ten tables significant). Whether the score was more
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Table 9. Sensitivity analysis over all datasets consistent with the observed marginal distributions.

Association Admissible Attainable range of effect Fisher/LR p Tables/datas Interpretation
tables/datasets range ets with p
<0.05

Sex x IAI OR 0.45-37.5 0.007-1.000 10of4 Not identifiable
Age group (3 levels) x IAI Cramér's V 0.17-0.68 0.005-1.000 4 0of 10 Not identifiable
Mechanism (road traffic crash vs 4— OR 0.97-156 <0.001-1.000 2of4 Not identifiable
other) x IAI

Injury type x BATSS 210 (sensitivity, 22 Sn solid 62.5-100.0%; hollow 60.0- <0.001-1.000 10 of 22 Not identifiable
injured only) 100.0%

BATSS per point, adjusted for sex 62,029 a0OR 0.51-1.25 (median 0.99) — 0.02% Null-compatible in
(Firth) >99.9%

BATSS per point, adjusted for 1,806 aOR 0.56-1.21 (median 1.00) = 0.33% Null-compatible in
mechanism (Firth) >99%

BATSS per point, adjusted for age 4,000 sampled + aOR 0.55-1.39 (median 0.99) — 0.0% Null-compatible
group (Firth) hill-climbing

Sex, age group, mechanism and injury type were recorded only as marginal frequencies, so their joint distribution with injury status (or with the score) is unknown. Every
contingency table (or, for multivariable models, every patient-level allocation; age group: 4,000 random allocations plus hill-climbing towards the extremes, so the range is a
lower bound on the attainable range) consistent with the observed margins was analysed. Unadjusted Firth OR per BATSS point 0.997 (95% profile CI 0.75-1.24; p = 0.977).
aOR, adjusted odds ratio; IAl intra-abdominal injury; OR, odds ratio; Sn, sensitivity.

0.80 and 80% if it were 0.90 (Figure 11B). Estimating a
specificity of 80% to within +10 percentage points would
require 62 patients without [Al — 766 patients at the
prevalence observed here, but 76 at the 18.4% prevalence of the
derivation cohort (Table 10).

Precision, power and sample size

With three uninjured patients, specificity could take only four
values (0%, 33.3%, 66.7% or 100%), and the 95% CI at 212
spanned 9.4-99.2% (Figure 11A). The design had 15% power to
reject an AUC of 0.50 if the true AUC were 0.70, 34% if it were

A. Precision of specificity B. Power of the present design (34 vs 3)
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= true Sp 80%
° = = true Sp 90% X _—
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Figure 11. Precision and power. (A) Half-width of the 95% confidence interval for specificity as a function of the number of patients without
intra-abdominal injury, for true specificities of 80% and 90%; the present study had three. (B) Power of the present design (34 with and 3
without injury, a = 0.05, Hanley-McNeil variance) to reject an AUC of 0.50 if the true AUC were 0.70, 0.80 or 0.90.

Table 10. Sample sizes needed for a definitive validation of BATSS at different pre-test probabilities.
Target precision Patients needed in the Total at prevalence 91.9% Total at prevalence Total at prevalence
relevant group (imaged/operated spectrum) 50% 18.4% (derivation

cohort

Specificity 80% * 10 points 62 without IAI 766 124

Specificity 80% * 5 points 246 without IAI 3,038 492 302
Specificity 90% =+ 10 points 35 without [AI 433 70 43
Specificity 90% =* 5 points 139 without IAI 1,717 278 171
Sensitivity 90% * 10 points 35 with TAI 39 70 191
Sensitivity 90% #* 5 points 139 with IAI 152 278 756
Sensitivity 95% * 10 points 19 with IAI 21 38 104
Sensitivity 95% #* 5 points 73 with IAI 80 146 397
AUC 0.80, 95% CI half-width <0.10 — 160 (13 without IAI) 78 161

Normal-approximation sample size n = z°p(1-p)/d? for the relevant group, divided by the expected proportion of that group; AUC precision from the Hanley-McNeil variance.
The present study (37 patients; a priori target 41) had 3 patients without injury, giving a power of 34% to reject an AUC of 0.50 if the true AUC were 0.80. IAl, intra-abdominal
injury.

Influence of individual patients and partial-verification In the partial-verification scenarios, adding 5 hypothetical

scenarios

Removing a single uninjured patient changed the AUC from
0.525 to between 0.375 (removing the patient who scored 7)
and 0.757 (removing the patient who scored 19), and specificity
at 212 from 66.7% to 50.0% or 100% (Table 11). Removing any
single injured patient changed the AUC only within 0.510-0.540.
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uninjured patients with a score of 2 — the kind of patient who
is typically observed without imaging — would raise the AUC to
at least 0.80, whereas 16 patients scoring 4 or 36 scoring 7
would be required; however many such patients were added,
the AUC could not exceed 0.85 if they scored 4 or 0.82 if they
scored 7, because six injured patients scored 4 or less.
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Table 11. Influence of individual patients, tied scores, partial-verification scenarios and prior choice.

Specificity at 212, %

Leave-one-out (uninjured patients)

Without the uninjured patient scoring 19
Without the uninjured patient scoring 11
Without the uninjured patient scoring 7
Without any one injured patient (range)
Tied scores
Hypothetical unverified uninjured patients added

Score 2: number needed for AUC 20.70 / 20.80
Score 2: AUC with 20 added; upper limit
Score 4: number needed for AUC 20.70 / 20.80
Score 4: AUC with 20 added; upper limit
Score 7: number needed for AUC 20.70 / 20.80
Score 7: AUC with 20 added; upper limit
Prior sensitivity: P(specificity 280%)
Jeffreys Beta(0.5, 0.5) (primary)
Uniform Beta(1, 1)
Near-Haldane Beta(0.01, 0.01)
Informative Beta(8, 2), centred on 80%

Specificity at 210, %

0.757 100.0 50.0

0.441 50.0 50.0
0.375 50.0 0.0

0.510-0.540 66.7 833
0.500-0.549 — —
2/5 — —
0.912;0.971 95.7 —
4/16 = =
0.810; 0.853 95.7 —
5/36 — —
0.785; 0.824 95.7 —

at=12 at =10

— 25.1 3.4

— 18.1 2.7

— 35.7 4.0

— 44.2 20.5

Observed AUC 0.525; specificity 66.7% at 212 and 33.3% at 210. Hypothetical patients represent uninjured adults who would not have been imaged or operated on and are not
data; they quantify how strongly partial verification could have depressed the AUC. The upper limit is the AUC approached as the number of added patients grows without

bound. AUC, area under the receiver operating characteristic curve.

4. Discussion

Principal findings

In this cohort of adults with blunt abdominal trauma who
underwent CT or laparotomy at a provincial Indonesian trauma
centre, BATSS did not discriminate between patients with and
without Al within this spectrum. The AUC was 0.525, the scores
of injured and uninjured patients overlapped almost completely,
the protocol threshold of 212 achieved a sensitivity of 64.7%
and a specificity of 66.7%, and none of the stratum-specific
likelihood ratios differed from 1. Six of 34 injured patients
scored 4 or less, below every uninjured patient, whereas the
uninjured patient with the highest score (19) ranked above 31
of the 34 injured patients. These findings are not an artefact of a
single threshold: no cut-off yielded a likelihood ratio whose
confidence interval excluded 1, and the absence of association
persisted after adjustment for sex, age group or mechanism
across every dataset consistent with the recorded margins.

Comparison with published validations

The present estimates are lower than several earlier single-
centre reports. The derivation study reported perfect separation
between its extreme bands in an emergency-department cohort
with an IAI prevalence of 18.4%32. Chennai reported sensitivity
of 100%, specificity of 98.3% and AUC of 0.99235, while
Kozhikode reported sensitivity of 100%%0. At 212, sensitivity in
Palembang was approximately 27 percentage points lower than
in the Bali validation34, with Holm-adjusted p = 0.013, whereas
specificity could not be distinguished from the Bali estimate.
Some favourable reports contain internal arithmetical
inconsistencies: specificity of 97.3% is not attainable with 15
uninjured patients?0, and a positive predictive value of 100% is
incompatible with specificity of 87.1%39. Outcome definitions
also vary between any IAl, need for laparotomy and need for
surgical intervention364l, These differences and reporting
limitations constrain transportability of the published
estimates. The selected earlier studies do not provide a pooled
benchmark or formal publication-bias assessment; the present
study should therefore be interpreted directly against the
individual pre-cutoff studies and its own substantial
uncertainty.

The contrast with the only other Indonesian validation
deserves particular attention. In Bali, 35 of 44 patients (79.5%)
had organ injury; at 212 the score identified 32 of the 35 injured
patients and correctly classified seven of the nine uninjured
ones34. Three features may explain the higher sensitivity there.
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A lower prevalence implies a less filtered population in which
injured patients more often presented with major signs; nine
uninjured patients give a more stable specificity than three; and
the Bali analysis classified patients by organ rupture, which
favours injuries accompanied by haemorrhage, whereas the
present target condition included hollow-viscus and mesenteric
injuries that rarely raise the score. Neither study published
item-level data, so these explanations remain hypotheses that a
pooled analysis of Indonesian centres could test.

The target condition also differs across studies. Here any IAI
on CT or at laparotomy counted as positive, so a minor solid-
organ contusion managed without intervention and a
mesenteric avulsion requiring resection carried equal weight.
The derivation study used CT-positive injury32, whereas several
validations used the need for laparotomy or surgical
intervention36374142 If BATSS identifies injuries that need
intervention better than injuries in general, its accuracy for
clinically important IAI could be higher than estimated here;
because injury grades and interventions were not linked to the
score, this question remains open.

The pattern of a high positive predictive value with a
collapsed negative predictive value is not unique to BATSS. In a
Balinese cohort in which 75 of 80 laparotomies were positive,
CASS above 12 had a sensitivity of 80%, a specificity of 60%, a
positive predictive value of 96.7% and a negative predictive
value of 16.6%5! — values almost identical to those of BATSS at
210 here. Serial FAST in an Indian cohort retained positive
predictive values above 93% while negative predictive values
ranged only from 17.6% to 46.2%14. Where nearly every patient
tested is injured, any test will appear to 'rule in' well and 'rule
out' badly; the informative quantities are the likelihood ratios,
and for BATSS in this spectrum they were close to 1.

Why the score did not discriminate: spectrum and
verification

BATSS was designed for the undifferentiated emergency-
department population, in which most patients are uninjured
and the score's task is to identify the minority who need imaging
or operation3z. The present cohort is a different population —
the residue of clinical triage — and the findings describe how
the score behaves after clinicians have already acted on its
components. They do not show that the score lacks
discrimination in unselected patients; they show that, once a
surgeon has decided to image or operate, the score adds little.
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The most plausible explanation for the gap between this
cohort and the derivation study is the spectrum of patients. Only
patients who underwent CT or laparotomy could be included,
and in this hospital the decision to image or operate was made
by surgeons who had already integrated the same
haemodynamic, examination and sonographic findings that
BATSS sums. The resulting cohort differed sharply from the
derivation group's emergency-department population: 62.2%
were in the high-risk band rather than 23.0%, the mean score
was 11.84 rather than 6.29, and the prevalence of injury was
91.9% rather than 18.4%3233, Within such a filtered population
the low-scoring uninjured patients who give a score its
specificity — the patients with abdominal pain but normal vital
signs and a negative FAST who are observed and discharged —
are largely absent. Partial verification bias of exactly this kind is
expected when a finding that influences referral for the
reference standard is then evaluated only in verified patientss?,
and meta-epidemiological work confirms that sensitivity and
specificity move in opposite directions as prevalence rises4849,

The scenarios in Table 11 make the magnitude of this bias
concrete. Had as few as five uninjured patients with a score of 2
been verified — patients who would normally be observed
without imaging — the AUC would have exceeded 0.80, and
omitting the single uninjured patient who scored 19 would have
raised it to 0.76. The low AUC is therefore compatible with a
score that discriminates reasonably in unselected patients but
cannot do so among those already selected. It also illustrates
how fragile small validation studies are: every published BATSS
validation with fewer than 20 uninjured patients is exposed to
the same instability, in either direction.

A second contributor is incorporation. FAST, hypotension and
pelvic fracture are both components of the score and triggers for
laparotomy or CT, and positive FAST findings in patients with
pelvic fractures arise from retroperitoneal blood that does not
represent [AI16-18, The uninjured patient who scored 19
illustrates the consequence: that total cannot be reached
without a positive FAST, and together with hypotension or a
pelvic fracture it would have led any surgeon to investigate, yet
no IAI was found. Alternative explanations cannot be excluded
— an injury missed by the reference standard (one injury was
identified during observation among 480 stable patients with a
negative initial CT in an earlier cohort??), a documentation or
scoring error, or free fluid from a non-traumatic source — but
whichever applies, the case shows how one patient can
dominate the specificity of a small study. More generally, 30 of
the 37 patients (81.1%) had totals that obligatorily included at
least one major sign, so the score and the decision to verify drew
on largely the same information, which inflates apparent
sensitivity and deflates apparent specificity. Differential
verification may have acted in either direction: laparotomy is
usually prompted by major signs and detects hollow-viscus
injuries that CT can miss, whereas low scorers verified by CT
alone may harbour injuries that laparotomy would have shown;
without the per-patient route, the net direction cannot be
determined. Pelvic fracture is common in high-energy road
traumasé, yet fewer than one in five patients with pelvic fracture
have abdominal co-injuries®’; the five points it adds may
therefore raise the score of uninjured patients as readily as of
injured ones.

The arithmetic of the score

Because BATSS is a sum of fixed integer weights, its totals carry
information about which components could have been present
even when the components themselves were not recorded. The
four soft signs — abdominal pain, tenderness, alower chest-wall
sign and tachycardia — contribute at most 7 points, so a patient
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cannot leave the low-risk band on symptoms and examination
alone; every total of 8 or more requires at least one of
hypotension, pelvic fracture or a positive FAST, and every total
of 17 or more requires a positive FAST. In practice, therefore,
the moderate and high bands are largely defined by the three
major signs, and the low band is the band of patients without
them. A worked example makes the logic concrete. A
haemodynamically normal patient with abdominal pain,
tenderness, a lower chest-wall bruise and a heart rate of 110
beats/min scores 2 + 3 + 1 + 1 = 7 and remains in the low band
however impressive the examination; adding a positive FAST
lifts the same patient to 15, whereas adding hypotension instead
lifts them only to 11. Conversely, a total of 19 can arise only from
a positive FAST (8 points) plus at least 11 of the remaining 16
points, which requires hypotension or a pelvic fracture in
addition to most of the soft signs. The same reasoning applies to
any additive clinical score with integer weights, and it can be
used to check reported component frequencies against reported
totals. This structure explains both failure modes observed here.
Injured patients without haemodynamic compromise, pelvic
fracture or haemoperitoneum — exactly the patients with
contained solid-organ, retroperitoneal or early hollow-viscus
injuries — are confined by arithmetic to the low band however
tender their abdomen, and the six injured patients who scored
2-4 cannot have had a positive FAST or a pelvic fracture.
Conversely, uninjured patients with a false-positive FAST or a
pelvic fracture are lifted into the higher bands. Abdominal pain
and tenderness can shift every total upwards by up to 5 points,
but clinical examination alone has limited diagnostic value and
the absence of tenderness does not exclude IAI1,

This analysis replaces the usual component-by-component
comparison, which requires item-level data. It is deliberately
conservative: the bounds in Table 7 show what the totals make
certain, not what is likely, and for the soft signs they are
uninformative. Its value lies in identifying which
misclassifications are structural. No reweighting of the soft signs
could move the six low-scoring injured patients into the high
band without also moving uninjured patients with similar
findings, and no threshold could separate the uninjured patient
with a total of 19 from the injured patients with totals of 12-15.
A score that is dominated by FAST and pelvic fracture will
inherit their limitations in the injuries they miss and the false
positives they generate.

Injuries the score cannot see

More than half of the injured patients in this cohort had at least
one hollow-viscus injury, and the colon was involved as often as
the liver. This distribution differs from earlier South Asian
cohorts in which solid-organ injuries predominated®’. Hollow
viscus and mesenteric injuries may produce little
haemoperitoneum early, and their diagnosis can be delayed
despite initial FAST or CT. CT-based scores for bowel injury have
reported sensitivities of only 39-57%>58, while approaches that
incorporate clinical findings are limited when patients cannotbe
reliably = examineds®.  Clinical-radiological = approaches
combining features such as the seat-belt sign, tenderness,
guarding and CT findings have reported AUCs of 0.87-0.9621.60,
The Bowel Injury Prediction Score combines mesenteric CT
injury grade, leucocyte count and abdominal tenderness to
identify patients at high risk of bowel injury¢l. BATSS includes
tenderness, but does not incorporate the seat-belt sign,
guarding, CT injury grades or leucocyte count as separate
items32. Whether the score performed differently for solid-
organ and hollow-viscus injuries could not be determined here,
because injury type was not linked to the score; sensitivity at
210 could have been anywhere between 60% and 100% for
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either group. The high share of hollow-viscus injuries may itself
reflect referral. Patients bleeding from solid organs may be
operated on locally or die before transfer, whereas bowel
injuries may declare themselves more slowly and reach the
provincial centre after the delays described in Indonesian
referral pathways531. These referral mechanisms remain
hypotheses because injury-specific transfer data were not
available.

Solid-organ injuries that are contained by their capsule may
also be missed by the score at presentation. Such injuries are
often managed non-operatively, with a success rate of 97% in a
Malaysian seriesé2, but non-operative management depends on
accurate CT staging and close monitoring, transfusion
requirement and liver injury predict its failure, and pancreatic
injuries are frequently under-staged. A score whose low band
contains injured patients is therefore not merely inaccurate; if
used to withhold CT, it would deprive precisely these patients of
the imaging on which non-operative care depends.

Implications for practice in Indonesian trauma centres
For patients who are already being considered for CT or
laparotomy, these data do not support using a low BATSS to
withhold imaging, and they suggest that a high score adds little
to the clinical findings that generated it. Applied to the 18.4%
prevalence of the derivation cohort, the point likelihood ratios
observed here would move the probability of 1Al only to about
11% in the low band and 30% in the high band — too little to
change management. The decision curves point in the same
direction: at the prevalence seen in referred patients, imaging
everyone produced more net benefit than any score-guided
strategy at every plausible threshold probability. In a resource-
constrained system the more useful question may be how to
reduce unnecessary CT in low-risk patients before they enter
this filtered spectrum; earlier selective-imaging research and an
August 2025 preprint suggest potential for this approach2627,
but they require prospective evaluation in Indonesian
emergency departments.

Pending prospective evidence, the practical implication for an
Indonesian trauma centre is to anchor diagnostic decisions in
established pathways rather than in the score.
Haemodynamically unstable patients with a positive FAST
proceed to operation; stable patients with abdominal findings, a
seat-belt sign, a distracting injury or a high-energy mechanism
undergo contrast-enhanced CT when it is available; and stable
patients in whom CT is unavailable or deferred receive serial
clinical examination and repeated FAST, which improves
sensitivity over a single scan1420.59, BATSS may still serve as a
concise way to document and communicate the presence of
major signs, but it should not replace these steps.

The case mix of this cohort — young men injured in road
traffic crashes, often referred from district hospitals, with a high
proportion of hollow-viscus injuries — is typical of Indonesian
provincial trauma practice. Referral delays are common in
Indonesia, as shown by a median of 12.5 hours to reach a Jakarta
trauma centre after pelvic fracture3! and more than four hours
in over half of motorcycle-related head injuries in North
Malukus, and prehospital systems are fragmented3?. By the time
patients reach a provincial centre, physiology has had time to
declare itself, and the score is effectively applied to patients who
have already been triaged by distance and time. A triage score
intended for use at first contact should therefore be validated
where it would be used — in district emergency departments,
before referral — rather than in the residual population that
reaches a tertiary centre. For South Sumatra, this implies a
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provincial network study rather than another single-centre
series.

Research agenda

Three studies would resolve the uncertainties identified here.
First, a prospective multicentre validation in Indonesian
emergency departments should enrol consecutive adults with
blunt abdominal trauma regardless of whether they undergo CT,
record each BATSS component at first assessment, and verify
the outcome by CT, laparotomy or structured follow-up for
patients who are not imaged. Estimating a specificity of 80% to
within +10 percentage points would require about 62 patients
without IAI; at the 18.4% prevalence of the derivation cohort
this corresponds to roughly 76 patients, whereas an AUC of 0.80
with a confidence-interval half-width of 0.10 would require
about 161 patients (Table 10); formal external validation of
calibration would require several hundred events5455. Second,
the same cohort should compare BATSS head-to-head with
clinician gestalt, serial FAST, CASS and candidate laboratory
markers such as lactate and transaminases, informed by earlier
studies of clinical assessment and diagnostic predictors89.1444,
and should report net benefit rather than accuracy alones3.
Third, any redesign of the score — for example adding the seat-
belt sign and abdominal wall findings2021 or reconsidering the
weight given to pelvic fracture — should be treated as a
hypothesis for a new derivation study with item-level data and
then validated externally, so that the arithmetic constraints
described here can be tested directly.

Strengths and limitations

The study has several strengths. Every patient's total score and
reference-standard result were available, so all accuracy
measures, including the full ROC curve, every threshold and the
stratum-specific likelihood ratios, were computed from
observed data with exact methods suited to small samples. The
analysis was reported to STARD 201552, compared against
selected pre-cutoff validations with usable published counts,
and complemented by decision curves, Bayesian summaries and
precision analysis that make the limits of the evidence explicit.
Where data were missing, the analysis used assumption-free
bounds over all datasets consistent with what was recorded
rather than imputation, and the arithmetic of the score was used
to extract information about components that were not
recorded.

The limitations are substantial and largely shared with the
published literature. Only three patients had no IAl, so
specificity could take only four values and its confidence
intervals spanned most of the possible range; the study had 34%
power to detect a true AUC of 0.80. The cohort was restricted to
patients who underwent CT or laparotomy, and the number of
patients with blunt abdominal trauma who were not
investigated was not recorded, so partial verification bias could
not be corrected and the results apply only to this filtered
spectrum. Verification differed between patients (CT or
laparotomy), the route was not recorded per patient, and the
abstractor was not blinded to the reference standard, which
could have biased the scoring of subjective items towards
agreement with the outcome and would tend to overstate rather
than understate accuracy. The interval between the index test
and the reference standard was not recorded, and the target
condition was any IAl, so minor injuries that required no
intervention counted as positives. Scoring was retrospective
from emergency-department documentation by a single
investigator, without an assessment of inter-rater reliability,
and FAST results were taken from routine documentation
without a record of the operator or protocol. Iltem-level BATSS
components, injury grades and the need for therapeutic
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intervention were not retained in the analysis dataset, which
prevented component-level and outcome-specific analyses; sex,
age group and mechanism were available only as marginal
frequencies. Finally, this is a single-centre study at a provincial
referral hospital, and its case mix may not represent district
emergency departments.

5. Conclusion

Among adults with blunt abdominal trauma who had already
been selected for CT or laparotomy at an Indonesian provincial
trauma centre, BATSS did not discriminate between patients
with and without intra-abdominal injury (AUC 0.525; 95% CI
0.053-0.996), and none of its original risk bands shifted the
probability of injury. A low score did not exclude injury: one in
six injured patients scored 4 or less. The arithmetic of the score
— the soft signs cannot exceed 7 points, and the highest totals
require a positive FAST — explains why patients without
haemodynamic compromise, pelvic fracture or
haemoperitoneum are under-scored and why false-positive
major signs over-score uninjured patients. The estimates are
fragile, because only three patients were uninjured, and they
apply to the verified, high-prevalence spectrum rather than to
unselected emergency-department patients. Within that
spectrum, BATSS should not be used to withhold CT from
patients whom clinicians are already considering for imaging.
Before the score is adopted for triage in Indonesia, it should be
validated prospectively across referring and receiving hospitals,
including patients who are not imaged, with item-level data and
enough uninjured patients to estimate specificity precisely.
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