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ABSTRACT

Background: Acute appendicitis is the most common surgical cause of
acute abdominal pain. Contrast-enhanced computed tomography (CT) is
highly accurate but exposes predominantly young patients to ionizing
radiation and may delay disposition. Point-of-care ultrasound (POCUS),
performed by the treating emergency or radiology physician at the bedside.

Objective: To determine the diagnostic accuracy of POCUS compared
with contrast-enhanced CT, and to assess the effect of operator experience
and body mass index (BMI) on performance.

Patients and methods: A prospective single-center diagnostic-accuracy
cohort study was conducted at Al-Hussein teaching hospital in Nasiriyah,
from 1 June 2023 through 1 December 2025. Adults aged 18 years or older
with acute right-lower-quadrant pain underwent a structured index POCUS
examination followed by reference-standard contrast-enhanced CT.
POCUS operators were blinded to CT results, and CT readers were blinded
to POCUS findings. The primary outcomes were sensitivity, specificity,
positive and negative likelihood ratios, and the area under the receiver
operating characteristic curve (AUC).

Results: Of 364 patients assessed, 298 formed the analytic cohort; 121
(40.6%) had CT-confirmed acute appendicitis. POCUS achieved a
sensitivity of 84.3% (95% confidence interval [CI] 76.6-90.3%) and
specificity of 89.3% (95% CI 83.7-93.4%), with positive likelihood ratio
7.87 and negative likelihood ratio 0.18 and AUC 0.86 (95% CI 0.81-0.91).

Conclusions: POCUS achieved good diagnostic accuracy for acute
appendicitis and may serve as an effective first-line triage test, particularly
when performed by credentialed operators in non-obese patients,
potentially reducing CT utilization in selected adults.
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INTRODUCTION

Acute appendicitis is the most common
surgical cause of the acute abdomen, with a
lifetime incidence of approximately 7-8%
and a peak in the second and third decades
of life [1],[2]. Prompt and accurate
diagnosis reduces the risk of perforation
and the rate of negative appendectomy,
both of which carry measurable morbidity
and cost [3]. Clinical
supplemented by structured scoring
systems such as the Alvarado score and the
Adult Appendicitis Score has
moderate stand-alone accuracy, and cross-
sectional imaging has become central to the
contemporary diagnostic pathway [4],[5].

Contrast-enhanced computed tomography
(CT) 1s the reference-standard imaging test
for adult appendicitis, with pooled
sensitivity and specificity each exceeding
90% in contemporary meta-analyses [6].
However, CT exposes a predominantly
young population to ionizing radiation,
requires intravenous iodinated contrast with
attendant although low risk of adverse

evaluation

only

reaction and contrast-associated
nephropathy, may not be immediately
available in resource-constrained settings,
and can prolong emergency department
(ED) length of stay [7],[8]. These
considerations have driven interest in
ultrasound as a first-line imaging modality,
and specifically in point-of-care ultrasound
(POCUYS) focused, bedside
ultrasonography performed and interpreted
in real time by the treating physician rather
than in a separate radiology department
workflow [9].

The reported diagnostic accuracy of
POCUS for appendicitis varies widely. A

2017 meta-analysis of physician-performed
POCUS reported pooled sensitivity of 91%
and specificity of 97%, with lower
performance (sensitivity 80%, specificity
92%) in the subgroup of studies performed
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by emergency physicians [10]. A 2023
systematic review of ED ultrasound
reported pooled sensitivity 0.81 and
specificity 0.87 [11], and a 2024 meta-
analysis of POCUS across ED applications
reported appendicitis sensitivity 65% and
specificity 89% [12]. This heterogeneity
reflects differences in operator training,
patient body habitus, disease prevalence,
reference-standard definition, and the
inherent operator dependence of ultrasound
[13]. Two specific gaps motivate the
present study. First, prospective diagnostic-
accuracy cohorts with rigorous blinding and
a robust composite reference standard
remain comparatively few, and
contemporary regional data are sparse.
Second, the modifying effect of operator
experience and patient BMI on POCUS
performance is incompletely quantified in
single-cohort designs that hold the
reference standard and verification pathway
constant [9],[10].
This study had
determine  the  diagnostic  accuracy
(sensitivity, specificity, likelihood ratios,
and AUC) of structured ED POCUS for
acute appendicitis in adults, using contrast-
enhanced CT supplemented by surgical,
histopathological, or 30-day clinical
follow-up as a composite
standard; to quantify the effect of operator

three objectives: to

reference

experience (credentialed sonographers
versus trainees) on POCUS performance;
and to characterize the effect of BMI on
diagnostic accuracy. The contribution is a
prospectively collected, STARD-
compliant, blinding-rigorous single-center
cohort that holds the reference standard
constant while explicitly stratifying by the
two principal known modifiers of

ultrasound performance.
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PATIENTS AND METHODS

STUDY DESIGN AND SETTING

A prospective single-center diagnostic-
accuracy cohort study was conducted in the
emergency department of Al-Hussein
hospital, a teaching hospital with an annual
ED census of approximately 70,000 visits,
from 1 June 2023 through 1 December
2025. The study was reported in accordance
with the Standards for Reporting of
Diagnostic Accuracy Studies (STARD)
2015 statement [14]. The protocol was
approved by the ethical committee of Thi-
Qar college of medicine. Written informed
consent was obtained from every

participant before the index test.

PARTICIPANTS

Consecutive adults aged 18 years or older
presenting to the ED with acute right-
lower-quadrant or right-iliac-fossa pain of
less than 7 days' duration, in whom the
treating clinician judged cross-sectional
imaging to be indicated, were screened for
eligibility.
pregnancy (confirmed by point-of-care

Exclusion criteria  were:
human chorionic gonadotropin testing in
women of childbearing potential); prior
appendectomy; hemodynamic instability
requiring immediate resuscitation or
surgery without imaging; declared inability
or refusal to provide consent; and absence
of reference-standard CT. To minimize
verification and spectrum bias, all eligible
patients underwent both the index test and

the reference standard regardless of
POCUS result, and enrollment was
consecutive during periods when a

credentialed study sonographer or trained
study  investigator available.
Participant flow is summarized in figure 1.
INDEX TEST: POINT-OF-CARE
ULTRASOUND

POCUS was performed at the bedside

immediately after clinical assessment,

was
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before CT, using a GE Voluson E6
ultrasound system with a high-frequency
linear transducer (7.5-12 MHz) and a
curvilinear transducer (3.5-5 MHz) for
deeper structures or larger body habitus.
Operators followed a standardized graded-
compression protocol over the point of
maximal tenderness and the right iliac
fossa. A positive POCUS examination for
acute appendicitis was pre-defined as
visualization of a non-compressible, blind-
ending tubular structure with a maximal
outer diameter greater than 6 mm, with or
without an appendicolith, periappendiceal
fluid, echogenicity of
surrounding fat, or hyperemia on color
Doppler. Examinations were classified

increased

prospectively as positive, negative, or non-
diagnostic (appendix not visualized and no
secondary signs). Operators recorded their
interpretation on a structured form before
the CT result was available and were
blinded to the reference standard. Operators
were categorized a priori as credentialed
sonographers (radiologists or well trained

emergency  physicians) or trainees
(residents).

REFERENCE STANDARD

All  participants underwent contrast-

enhanced CT of the abdomen and pelvis
with
medium (iohexol or equivalent non-ionic
agent) on a Toshiba (Aquilion 64 slices)
scanner using a
abdominopelvic protocol. CT examinations
were independently interpreted by a board-

intravenous  iodinated contrast

standardized

certified radiologist with more than 10
years of abdominal imaging experience,
blinded to the POCUS interpretation. CT
criteria for acute appendicitis were an
appendiceal diameter greater than 6 mm
with wall thickening, periappendiceal fat
stranding, appendicolith, or abscess. The
composite reference standard for the final
diagnosis was: (i) for CT-positive patients,
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surgical and histopathological confirmation
where appendectomy was performed, or
documented clinical course where managed
non-operatively; and (ii) for CT-negative
patients, an alternative discharge diagnosis
with structured 30-day clinical follow-up to
capture any subsequent appendicitis. This
composite avoids incorporation bias by
ensuring that the index test did not
contribute to the reference standard.

SAMPLE SIZE

Sample calculated for the
estimation of sensitivity. Anticipating a
sensitivity of 0.85, a disease prevalence of
approximately 40% among imaged
patients, a desired 95% CI half-width of
0.07, and allowing for 15% non-evaluable

size was

or excluded cases, a minimum of 290
evaluable patients required. The
achieved analytic cohort of 298 satisfied
this requirement.

was

STATISTICAL ANALYSIS
Sensitivity, specificity, positive predictive
value, negative predictive value, and

positive and negative likelihood ratios were
calculated with 95% CIs by the Wilson
method. The AUC was estimated by non-
parametric methods with 95% CI by the
DeLong method, and AUCs
operator-experience strata were compared

between

using DeLong's test [15]. Non-diagnostic
POCUS examinations were handled in two
pre-specified ways: as a primary intention-

to-diagnose analysis in which non-
diagnostic studies were classified as
negative  (the conservative clinical

interpretation), and as a secondary per-
protocol analysis restricted to diagnostic
Subgroup by
operator experience and by BMI category
(less than 25, 25-29.9, and 30 kg/m? or
greater) were pre-specified. Inter-observer

examinations. analyses

agreement for POCUS interpretation on a
random 15% subsample independently re-
reviewed from recorded cine loops was
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assessed by the Cohen « statistic. Two-
sided p-values below 0.05 were considered
statistically significant. Analyses were
performed using IBM SPSS Statistics
version 27.0 (IBM Corp., Armonk, NY)
and R version 4.3 (R Foundation for
Statistical Computing, Vienna, Austria)
with the pROC package.

RESULTS

PARTICIPANTS AND DISEASE
PREVALENCE

During the enrollment period, 364 patients
were assessed for eligibility. After
exclusion of 52 patients (18 declined
consent, 11 pregnant, 9 with prior
appendectomy, 7 hemodynamically
unstable, and 7 without reference-standard
CT) and 14 with non-diagnostic index or
indeterminate reference findings, 298
patients formed the analytic cohort (see
Figure 1). The mean age was 33.6 = 13.2
years; 162 (54.4%) were male. Acute
appendicitis was confirmed in 121 patients
(disease prevalence 40.6%), of whom 112
underwent appendectomy with
histopathological confirmation and 9 were
managed non-operatively with documented
clinical resolution or delayed
appendectomy. Of the 177 CT-negative
patients, 174 remained appendicitis-free at
30-day follow-up; 3 re-presented within 30
days with appendicitis and were classified
as index false-negatives.  Baseline
characteristics are summarized in Table 1.

PRIMARY DIAGNOSTIC
ACCURACY

In the primary intention-to-diagnose
analysis (n = 298), POCUS correctly
identified 102 of 121 patients with
appendicitis and correctly excluded 158 of
177 without, yielding a sensitivity of 84.3%
(95% CI 76.6-90.3%), specificity of 89.3%
(95% CI 83.7-93.4%), positive predictive
value of 84.3% (95% CI 76.6-90.3%), and
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negative predictive value of 89.3% (95% CI
83.7-93.4%) (see Table 2). The positive
likelihood ratio was 7.87 and the negative
likelihood ratio was 0.18. The AUC was
0.86 (95% CI1 0.81-0.91) (see Figure 2). In
the secondary per-protocol
restricted to diagnostic

analysis
examinations,
increased to 88.6% and
specificity to 92.1%, consistent with the
expected effect of excluding non-diagnostic
studies.

EFFECT OF OPERATOR
EXPERIENCE

Diagnostic performance differed
significantly by operator experience (see
Figure 3 and Table 2). Credentialed
sonographers (n = 174 examinations)
achieved a sensitivity of 90.2% (95% CI
81.2-95.8%) and specificity of 92.7% (95%
CI 86.6-96.6%), with an AUC 0f 0.90 (95%
CI 0.85-0.95). Trainees (n = 124
examinations) achieved a sensitivity of
74.4% (95% CI 60.4-85.4%) and
specificity of 83.3% (95% CI 72.1-91.4%)),
with an AUC of 0.80 (95% CI 0.73-0.87).
The difference in AUC between
credentialed sonographers and trainees was
statistically significant (DeLong p =0.012).
Inter-observer agreement for POCUS
interpretation  on  the  re-reviewed
subsample was substantial (Cohen k =0.78,
95% CI 0.66-0.90).

EFFECT OF BODY MASS INDEX
Diagnostic declined

sensitivity

with
increasing BMI (see Figure 3 and Table 3).
Among patients with BMI below 25 kg/m?

accuracy

(n = 121), sensitivity was 91.2% and
specificity 94.1%. Among patients with
BMI 25-29.9 kg/m? (n = 109), sensitivity
was 83.3% and specificity 87.5%. Among
patients with BMI 30 kg/m? or greater (n =
68), sensitivity fell to 66.7% and specificity
to 78.6%, and the proportion of non-
diagnostic examinations was highest in this
group (13.2% versus 2.5% in the lowest
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BMI category). The interaction between
BMI category and diagnostic accuracy was
statistically significant (p = 0.008).

DISCUSSION

In this prospective STARD-compliant
single-center cohort of 298 adults with
suspected appendicitis, structured ED
POCUS achieved a sensitivity of 84.3% and
specificity of 89.3% against a composite
reference standard, with an AUC of 0.86.
Performance was significantly higher for
credentialed sonographers (AUC 0.90) than
trainees (AUC 0.80), and declined
progressively with increasing BMI. These
findings position POCUS as a useful first-
line triage test in the diagnostic pathway for
adult appendicitis, while quantifying the
two principal modifiers operator
experience and body habitus — that
determine where it can safely substitute for
CT.

The overall accuracy observed here sits
within the range reported by contemporary

syntheses. The 2017 meta-analysis of
physician-performed POCUS  reported
pooled sensitivity 91% and specificity 97%,
with lower performance (sensitivity 80%,
specificity 92%) in emergency-physician-
performed studies — a subgroup that
closely matches the present mixed-operator
cohort [10]. The 2023 systematic review of
ED ultrasound reported pooled sensitivity
0.81 and specificity 0.87, almost identical
to the present estimates [11], and the 2024
multi-application ED POCUS  meta-
analysis reported appendicitis sensitivity
65% and specificity 89%, the lower
sensitivity reflecting heterogeneous
operator training [12]. The convergence of
the  present with  these
independent syntheses supports internal
validity.

estimates

Three findings deserve emphasis. First, the
magnitude of the operator-experience effect



The Medical Journal of Tikrit University (2026) 32 (1): 210-219

(AUC 0.90 versus 0.80, DeLong p=0.012)
confirms that POCUS
appendicitis is not a fixed property of the
modality but a function of training and case
volume [13]; this argues for formal
credentialing and  minimum-volume
requirements before POCUS is used to

accuracy for

defer CT. Second, the steep decline in
sensitivity with BMI (91% below 25 kg/m?
versus 67% at 30 kg/m* or greater),
accompanied by a rising non-diagnostic
rate, indicates that body habitus should
explicitly gate the decision to rely on a
negative POCUS in obese patients a
negative POCUS should not defer CT [14].
Third, the negative likelihood ratio of 0.18
overall (0.11 for credentialed operators)
indicates that a negative POCUS by an
experienced operator in a non-obese patient
meaningfully lowers post-test probability,
[15] whereas the positive likelihood ratio of
7.87 supports a rule-in role that can
expedite surgical referral without CT in
selected patients [16].

For clinical practice, three implications
follow. First, a tiered imaging pathway is
supported in which experienced-operator
POCUS is the first-line test in non-obese
adults with suspected appendicitis, with CT
reserved for non-diagnostic or discordant
cases [17]; this has the potential to reduce
CT utilization and associated radiation in a
predominantly young population [18].
Second, POCUS performed by trainees
should be interpreted with explicit
acknowledgment of lower accuracy, and a
negative trainee POCUS should not by
itself defer CT [19] . Third, institutional
POCUS credentialing pathways with
minimum case volumes and periodic
quality assurance are justified by the
observed experience effect [20]. These
recommendations are consistent with, and
add quantitative regional precision to,
current emergency-imaging guidance [21] .
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The strengths of this study include its
prospective design,
enrollment, mandatory reference standard
in all participants (minimizing verification
and spectrum bias), pre-specified blinding

consecutive

of index and reference interpreters, a
composite reference standard incorporating
histopathology and structured follow-up
(minimizing incorporation bias), and pre-
specified subgroup analyses by the two
principal known modifiers of ultrasound
performance. Reporting followed the

STARD 2015 framework.

LIMITATIONS

Several limitations apply. First, the single-
center design limits external
generalizability; diagnostic accuracy is
influenced by local disease prevalence,
operator training pathways, and equipment,

and the estimates require external
validation before transfer to other settings.
Second, although all  participants
underwent the reference standard, the
composite reference differed between CT-
positive patients
(surgical/histopathological) and  CT-

negative patients (30-day clinical follow-
up), introducing differential verification
that, while pragmatic and ethically
necessary, may bias accuracy estimates.
Third, POCUS is inherently operator-
dependent, and although operators were
categorized prospectively, residual
variation within the credentialed and trainee
strata cannot be excluded [22] . Fourth, the

primary intention-to-diagnose analysis
classified non-diagnostic POCUS
examinations as negative; while this

reflects conservative clinical use, it lowers
apparent sensitivity [23] , and the per-
protocol estimates should be interpreted as
the upper bound of achievable
performance. Fifth, the study did not
formally compare time-to-diagnosis, ED
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length of stay, cost, or radiation-dose-
averted between POCUS-first and CT-first
pathways; these patient-centered and
system outcomes are the necessary subject
of a subsequent management study [24].
Sixth, the cohort excluded pregnant
patients, in whom ultrasound has a distinct
and arguably greater role, so the findings do
not extend to that population. Seventh, CT
itself i1s an imperfect reference standard
with a small false-negative rate, which may
marginally bias accuracy estimates. Finally,
prospective external validation, and ideally
arandomized comparison of a POCUS-first
versus CT-first diagnostic pathway with
patient-centered endpoints, remain the
necessary next steps.
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TABLES Table)l. Baseline characteristics of the analytic cohort (n
=298).
Characteristic Value
Age, mean = SD (years) 33.6+13.2
Male sex, n (%) 162 (54.4%)
Symptom duration, median (IQR) (hours) 28 (16-46)
BMI, mean + SD (kg/m?) 264+438

BMI < 25 kg/m?, n (%)

121 (40.6%)

BMI 25-29.9 kg/m?, n (%)

109 (36.6%)

BMI > 30 kg/m?, n (%)

68 (22.8%)

Alvarado score, median (IQR)

6 (4-8)

White blood cell count, median (IQR) (x 10°/L)

12.6 (9.4-15.8)

CT-confirmed acute appendicitis, n (%)

121 (40.6%)

POCUS by credentialed sonographer, n (%)

174 (58.4%)

POCUS by trainee, n (%)

124 (41.6%)

Appendectomy performed, n (%)

116 (38.9%)

Negative appendectomy, n (%)

4/116 (3.4%)

TableZ2 . Diagnostic accuracy of POCUS overall and by operator

experience

Measure

All operators (n = 298)

Credentialed (n = 174)

Trainees (n = 124)

Sensitivity, % (95% CI)

84.3 (76.6-90.3)

90.2 (81.2-95.8)

744 (60.4-85.4)

Specificity, % (95% CI)

89.3 (83.7-93.4)

92.7 (86.6-96.6)

83.3(72.1-91.4)

PPV, % (95% CI)

84.3 (76.6-90.3)

89.3 (80.1-95.3)

76.5 (62.5-87.2)

NPV, % (95% CI)

89.3 (83.7-93.4)

93.4 (87.4-97.1)

81.8 (70.4-90.2)

Positive likelihood ratio

7.87

12.36

4.46

Negative likelihood ratio

0.18

0.11

0.31

AUC (95% CI)

0.86 (0.81-0.91)

0.90 (0.85-0.95)

0.80 (0.73-0.87)
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Table3. Diagnostic accuracy of POCUS by body mass index category

BMI Sensitivity, Specificity, Non-
category % (95% CI) | % (95% CI) | diagnostic,
%
<25 kg/m? 91.2 (81.8- 94.1 (86.8— 2.5
(n=121) 96.7) 98.1)
25-29.9 83.3 (70.4— 87.5(77.6— 6.4
kg/m? (n = 92.4) 94.1)
109)
> 30 kg/m? 66.7 (46.7— 78.6 (63.2— 13.2
(n=68) 82.9) 89.7)
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Figure 2. ROC curves for POCUS, stratified by operator experience
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Figure 3. POCUS sensitivity and specificity by subgroup
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