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Appendix 3. Outpatient preparation instructions for CT scan used DURING the imple-
mentation period.
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Abstract

Background: Computed tomography (CT) is widely used for diagnosing acute
appendicitis, but the impact of radiologist experience on diagnostic accuracy remains
unclear. This study compares the diagnostic performance of in-training, junior, and
senior radiologists to assess whether experience influences accuracy and interobserver
agreement.

Materials and Methods: A retrospective study analyzed CT scans of 196 patients sus-
pected of having acute appendicitis from January to December 2020. Three radiolo-
gists—in training, junior, and senior—interpreted the scans independently. The diag-
nostic performance of each reader was compared based on pathological or clinical
follow-up. Diagnostic accuracy indices were calculated for each reader, and interob-
server agreement was assessed.

Results: CT demonstrated high diagnostic accuracy across all reader groups. The senior
radiologist achieved the highest accuracy (94.4%; 95% Cl, 90.2-97.2), followed by the
junior radiologist (93.9%; 95% Cl, 89.5-96.8) and the in-training radiologist (91.3%; 95%
Cl, 86.5-94.9), with no statistically significant differences. The AUROC values were 0.944
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for the senior radiologist, 0.938 for the junior radiologist, and 0.912 for the in-training
radiologist. Interobserver agreement was excellent, with Fleiss’ kappa of 0.864 (95% Cl,
0.806-0.921).

Conclusion: CT showed high diagnostic performance for acute appendicitis across dif-
ferent levels of radiologist experience in this cohort. Junior and senior radiologists
demonstrated slightly higher numerical accuracy than the in-training radiologist, main-
ly due to fewer false-negative interpretations. These findings suggest comparable CT
diagnostic results among in-training, junior, and senior radiologists, while emphasizing
the importance of careful assessment of subtle or atypical cases.

Keywords: Acute appendicitis, Computed tomography, Diagnostic accuracy, Expe-
rience, Radiology training.

Introduction

Acute appendicitis is a frequently encountered cause of abdominal pain in emergency
departments and requires prompt surgical intervention. Failure to diagnose or delays in
diagnosis can lead to severe health complications and even death [1]. Worldwide, there
are approximately 100 to 230 cases of acute appendicitis per 100,000 person-years,
with the incidence rising in newly developed countries [2, 3]. Additionally, during the
COVID-19 pandemic, the proportion of complicated appendicitis cases has increased
[4].

Clinical evaluation remains a crucial first step in diagnosing acute appendicitis, par-
ticularly in cases with atypical presentations. The Alvarado score, introduced by Dr.
Alfredo Alvarado in 1986, is a widely used clinical scoring system that helps assess the
likelihood of appendicitis based on a combination of symptomes, signs, and laboratory
findings [5, 6]. A score of 7 or higher suggests a high probability of appendicitis, often
warranting surgical intervention. While the Alvarado score has a high sensitivity for
ruling out appendicitis, its specificity is lower, necessitating imaging in ambiguous
cases [6, 7].

CT has revolutionized the diagnosis of acute appendicitis, with reported sensitivity and
specificity exceeding 95% and 94%, respectively [8-11]. Due to its superior diagnostic
performance, CT is now included in national guidelines in multiple countries [12-14].
Key imaging findings for appendicitis include an appendiceal diameter >6 mm (93%
sensitivity, 100% specificity), periappendiceal fat stranding (100% sensitivity, 80%
specificity), and focal cecal thickening (69% sensitivity, 100% specificity) [15].
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Radiologist experience is a crucial factor influencing the accuracy of CT interpretation.
Several studies have shown that less experienced radiologists have lower sensitivity
and specificity in diagnosing acute appendicitis [16]. In most medical centers, initial
CT interpretations are conducted by in-training residents, particularly in emergency
settings [17-19]. However, misinterpretation by less experienced radiologists may lead
to false-negative or false-positive diagnoses, resulting in unnecessary surgeries or
missed cases of appendicitis [20].

Studies have shown that structured training programs and continuous radiology
education improve diagnostic accuracy among in-training radiologists [21]. The critical
question remains: Does a radiologist's experience significantly impact the accuracy
of diagnosing acute appendicitis? If expertise is a significant factor, hospitals should
prioritize ensuring that board-certified radiologists interpret CT scans for suspected
appendicitis.

This study aimed to compare the diagnostic performance and interobserver agreement
of CT interpretation for acute appendicitis among in-training, junior, and senior radiolo-
gists.

Materials and methods

Study Design and Population

This retrospective, cross-sectional diagnostic accuracy study was conducted at a uni-
versity hospital. The study compared the diagnostic accuracy of a second-year in-train-
ing radiologist with that of two board-certified abdominal radiologists, one with eight
years of experience and the other with 20 years of experience. The authors assessed
diagnostic accuracy by reanalyzing CT images stored in the hospital’s Picture Archiving
and Communication System (PACS).

The study encompassed patients aged >18 years who presented with acute abdominal
pain and were referred for CT evaluation due to suspected acute appendicitis between
January 2020 and December 2020. We identified cases using a structured search strat-
egy that included the following terms: "abdominal,” "pain," "appendicitis,” "RLQ pain,"
or "lower abdominal pain” in the hospital's electronic medical records.

Patients were excluded if they had a history of appendectomy, known intra-abdominal
malignancy, trauma, pregnancy, or insufficient post-treatment follow-up data for di-
agnostic validation. Figure 1 illustrates the study workflow, including patient selection,
exclusion criteria, imaging interpretation, and the validation process.
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Study Population:
Patients Referred for CT (Jan 2020 — Dec 2020)
n=28412

Search Terms in PACS:

'Abdominal', 'Pain’, ‘Appem‘iicitis‘,-'RLQ Pain', or Exclusion Criteria(n = 939):
'Lower Abdominal Pain'
n=1135 e Prior appendectomy (n=48)
+ Known intra-abdominal
malignancy (n = 109)
e Trauma (n = 328)
Image Analysis: e Pregnancy (n=1)
Separately Reviewed by One In-training Radiologist & e Missing follow-up data (n = 453)
Two Board-certified Radiologists
n=196

Comparison & Validation:
Diagnostic Performance Metrics

n=196
Appendicitis Non-appendicitis
n=95 n=101
Non-specific abdominal pain (n = 42)

Enteritis (n= 15)

Diverticulitis (n = 21)
Gynecologic Conditions (n = 15)
Appendiceal Neoplasm (n = 2)
Others (n = 6)

n=94 n=1

Surgery ‘ Clinical Follow up

Figure 1. Study flow diagram outlining patient selection, exclusion criteria, imaging
interpretation, and validation. Of 1,135 patients referred for abdomino-pelvic CT, 196
met the inclusion criteria, including 95 patients with appendicitis and 101 patients with-
out appendicitis. Final diagnoses in the non-appendicitis group included non-specific
abdominal pain (n = 42), enteritis (n = 15), diverticulitis (n = 21), gynecologic conditions
(n = 15), appendiceal neoplasm (n = 2), and other diagnoses (n = 6). CT images were ret-
rospectively analyzed, with diagnoses validated against pathology or clinical follow-up.
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CT Imaging Protocol

All patients underwent contrast-enhanced abdominal CT scans using one of three mul-
tidetector CT systems: SOMATOM® Definition (Siemens Healthcare, Forchheim, Ger-
many), SOMATOM® Force (Siemens Healthcare, Forchheim, Germany), or Philips IQon
(Philips Healthcare, Best, The Netherlands). The standardized CT protocol included a
plain scan of the upper abdomen (if clinically indicated for stone evaluation) and a por-
tal venous phase post-contrast scan covering the entire abdomen.

Intravenous iodinated contrast agents were administered according to patient body
weight, up to a maximum dose of 100 mL. The contrast agents included iodixanol (320
mg |/mL), iohexol (350 mg I/mL), ioversol (350 mg I/mL), and iopamidol (370 mg I/mL).
Portal venous phase images were acquired approximately 60 seconds after contrast
injection. No oral or rectal contrast material was used.

Image reconstruction involved axial images with 2-mm and 5-mm thicknesses, as
well as coronal and sagittal images with 5-mm thicknesses. No delayed phase scans
were performed. Although some scans were acquired using dual-energy spectral CT
systems, only conventional-like (mixed-energy) images were analyzed to ensure the
generalizability of the results across different CT systems.

Image Analysis

All CT scans were independently reviewed by a second-year radiology resident and two
board-certified abdominal radiologists with 8 and 20 years of experience, respectively.
The retrospective readers were blinded to the final diagnosis, histopathologic results,
clinical outcome, and original CT report. The basic clinical indication was available to
reflect routine clinical CT interpretation. Readers evaluated predefined CT features and
assigned a four-level diagnostic confidence score:

1 = confidently negative for appendicitis, including a normal appendix or an alter-
native diagnosis without CT findings of appendicitis

2 = probably negative for appendicitis, including a visualized appendix without
convincing inflammatory change or minimal equivocal findings considered insuffi
cient for the diagnosis of appendicitis

3 = probably positive for appendicitis, including equivocal but suspicious appen-
diceal enlargement, wall enhancement, or periappendiceal inflammatory change
4 = confidently positive for appendicitis, based on typical CT findings of acute
appendicitis, complicated appendicitis, abscess, or perforation
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Before image interpretation, all readers received standardized written instructions
describing the four-level confidence scoring system. Although scores 2 and 3 both
represented equivocal cases, score 2 was assigned when the overall CT findings were
considered insufficient to support appendicitis, whereas score 3 was assigned when the
imaging findings were equivocal but the overall assessment favored appendicitis based
on the reader's integrated assessment of all predefined CT features. This approach
was intended to reflect routine clinical decision-making rather than strict quantitative
imaging thresholds.

Scores 2 and 3 were used to reflect equivocal or indeterminate real-world interpreta-
tions. For the primary diagnostic accuracy analysis, the four-level scores were dichoto-
mized according to the clinically actionable diagnostic impression:

Scores 1-2 = negative for appendicitis

Scores 3-4 = positive for appendicitis

ROC curve analysis was performed using this dichotomized diagnostic output. There-
fore, the reported AUROC values represent discrimination at the clinically relevant
decision threshold used in routine practice. This approach reflects real-world reporting
behavior, in which radiologists ultimately provide a binary impression for clinical
management: appendicitis or no appendicitis.

The initial CT report was defined as the original clinical radiology report issued during
routine patient care before retrospective image review. In our institutional workflow,
emergency CT examinations were initially interpreted by the on-duty radiology resi-
dent and subsequently reviewed according to routine departmental practice. The ini-
tial CT report was analyzed separately as a real-world clinical comparator and was not
included as one of the three blinded retrospective reader interpretations. Examples of
images illustrating these criteria are shown in Figure 2.

2 82 Volume XXVII Number Il September-December 2026



Charoenchue P, et al. THE ASEAN JOURNAL OF RADIOLOGY
ASEAN J Radiol 2026 27(3) : 277-298 ISSN 2672-9393

Figure 2. CT findings for diagnosing acute appendicitis.
(A) Normal appendix with a normal size and wall thickness. (B) Acute suppurative
appendicitis, confirmed by tissue pathology, showing an enlarged, fluid-filled appen-
dix. (C) Appendiceal wall hyperenhancement, a key finding in acute appendicitis. (D)
Periappendiceal fat stranding, indicative of inflammatory changes surrounding the
appendix. (E) Cecal wall swelling, representing reactive changes in the adjacent cecum.
(F) Appendicolith at the appendix base, a potential obstructive factor in appendicitis. (G)
Ruptured appendix, showing a dilated appendix (arrow) with a fluid collection likely rep-
resenting an abscess (arrowhead). (H) Another case of appendiceal abscess, demonstra-
ting a thick-walled fluid collection adjacent to the appendix.

Reference Standard

For patients who underwent surgery, histopathologic examination of the resected ap-
pendix served as the definitive reference standard. For patients managed non-opera-
tively, clinical follow-up through documented outpatient visits or inpatient observation
was used to confirm the absence of appendicitis. All non-surgical patients had a mini-
mum follow-up period of 7 days, during which one of the following clinical criteria was
required to classify the case as not having appendicitis:

1. Complete resolution of abdominal pain without surgical intervention;

2. No subsequent diagnosis of appendicitis or related complications within the
follow-up window; and

3. No readmission to the hospital with right lower quadrant pain.

Cases without sufficient clinical follow-up were excluded to maintain the reliability of
the reference standard.
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Statistical Analysis

Descriptive statistics were used to summarize demographic and clinical characteristics.
Continuous variables were reported as means with standard deviations or medians with
interquartile ranges, as appropriate. Categorical variables were reported as numbers
and percentages. Comparisons between patients with and without appendicitis were
performed using the Student'’s t-test or Mann-Whitney U test for continuous variables
and the chi-square test or Fisher's exact test for categorical variables, as appropriate.

Diagnostic performance was calculated for each reader and for the initial CT report,
including sensitivity, specificity, positive predictive value (PPV), negative predictive
value (NPV), diagnostic accuracy, and the area under the receiver operating charac-
teristic curve (AUROC). Because the primary diagnostic output was dichotomized as
positive or negative for appendicitis, ROC analysis was performed using the binary
diagnostic classification. Ninety-five percent confidence intervals (95% Cls) were calcu-
lated for diagnostic indices. Diagnostic accuracy values were compared among readers
using the chi-square test.

Interobserver agreement among readers was assessed using percent agreement, pair-
wise Cohen'’s kappa, and multi-rater Fleiss’ kappa. Kappa values were interpreted as
follows: less than 0.20, poor agreement; 0.21-0.40, fair agreement; 0.41-0.60, moderate
agreement; 0.61-0.80, good agreement; and 0.81-1.00, excellent agreement.

All statistical analyses were performed using STATA version 19.0 (StataCorp, College
Station, TX, USA). A p-value less than 0.05 was considered statistically significant.

Results

A total of 1,135 patients underwent CT evaluation for acute abdominal pain. After
applying the inclusion and exclusion criteria, 196 patients were included, with 95 (48.5%)
diagnosed with acute appendicitis and 101 (51.5%) classified as having no appendicitis.
Among the 101 patients without appendicitis, the final diagnoses were nonspecific
abdominal pain (n = 42), enteritis (n = 15), diverticulitis (n = 21), gynecologic condi-
tions (n = 15), appendiceal neoplasm (n = 2), and other diagnoses (n = 6).

Patient Characteristics

The patient characteristics of the study population are summarized in Table 1. Age,
sex distribution, underlying diseases, clinical symptoms, and physical examination
findings were generally comparable between patients with and without appendicitis.
The appendicitis group had significantly higher WBC counts, neutrophil percentages,
and Alvarado scores. Urinalysis findings did not significantly differ between groups.
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Table 1. Patient characteristics of the included patients evaluated for acute appendicitis.

Appendicitis Not appendicitis

Parameters n=95 (485%)  n=101(515%) P value
Age (year, mean) 48.23 (19.49) 49.65(20.76) 0.62
Sex

Male 34(35.79) 35(34.65) 0.88

Female 61(64.21) 66(65.35)
Underlying

DM 4(4.21) 11(10.89) 0.07

Hypertension 19(20.0) 25(24.75) 0.27

Immunocompromised 0(0%) 1(0.99) 0.52

Others 30(31.58) 57(56.44) 0.001
Symptoms

RLQ pain 70(73.68) 66(65.35) 0.13

Fever 23(24.21) 28(27.72) 0.35

Nausea or vomiting 44(46.32) 48(47.52) 0.49

Diarrhea 21(22.11) 21(20.79) 0.48
Physical signs

Body temperature (degree Celsius, median) 36.9(1) 36.8(1.1) 0.71

RLQ tenderness 93(97.89) 100(99.01) 0.48

Rebound tenderness 37(38.95) 34(33.66) 0.27
Blood test

WBC count (cells per cc, median) 13,600(5910) 11,260(5365) 0.003*

Neutrophil (percent, median) 83(11.6) 79.9(13.65) 0.01*
Alvarado Score (median) 7(2) 6(3) 0.02*
Urinalysis

WBC > 5-10 cell/HPF 15(15.79) 18(17.82) 043

RBC > 5-10 cell/HPF 21(22.11) 25(24.75) 0.40

Abbreviations: DM, Diabetes mellitus; RLQ, right lower quadrant; WBC, white blood cell; RBC, red blood cell
The numbers in parentheses represent the standard deviations (SD) for the means, interquartile ranges (IQR) for the medians, and proportional percentages for counting data.

Continuous variables with non-normal distributions were compared using the Mann-Whitney U test.

Volume XXVII Number Il September-December 2026 2 8 5



THE ASEAN JOURNAL OF RADIOLOGY Charoenchue P, et al.
ISSN 2672-9393 ASEAN J Radiol 2026 27(3) : 277-298

Diagnostic Performance

The diagnostic performance of the in-training radiologist, junior radiologist, senior
radiologist, and initial CT report is summarized in Table 2. All readers demonstrated
high diagnostic performance for acute appendicitis. The senior radiologist achieved
the highest accuracy among the three retrospective readers (94.4%; 95% Cl, 90.2-97.2),
followed by the junior radiologist (93.9%; 95% Cl, 89.5-96.8) and the in-training radio-
logist (91.3%; 95% Cl, 86.5-94.9). The differences among the readers were not statisti-
cally significant (p = 0.133).

The in-training radiologist had 11 false-negative and 6 false-positive interpretations,
the junior radiologist had 7 false-negative and 5 false-positive interpretations, and the
senior radiologist had 6 false-negative and 5 false-positive interpretations. To eva-
luate the consistency of missed diagnoses across experience levels, a case-level analy-
sis of false-negative interpretations was performed. All 6 false-negative cases identified
by the senior radiologist were also misclassified as false negatives by both the junior
and in-training radiologists. The junior radiologist missed 1 additional case (for a to-
tal 7 false-negative cases), which was also missed by the in-training radiologist. The
in-training radiologist missed 4 unique cases that were correctly diagnosed as positive
by both the junior and senior radiologists. All false-negative cases missed by the more
experienced readers were also missed by the less experienced readers, suggesting that
greater experience may improve the detection of subtle cases. Therefore, the modest
numerical difference in performance was mainly attributable to fewer false-negative
interpretations among the more experienced readers. The initial CT report showed 95
true-positive, no false-negative, 8 false-positive, and 93 true-negative interpretations,
corresponding to an accuracy of 95.9% (95% Cl, 92.1-98.2).
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Table 2. Diagnostic performance of CT for acute appendicitis according to reader group.

Metric

In-Training Radiologist

Junior Radiologist

Senior Radiologist

Initial CT Report

True positive
False negative
False positive
True negative
Sensitivity (%)
Specificity (%)
PPV (%)

NPV (%)

Accuracy (%)

84
11

6
95
88.4 (80.2-94.1)
94.1 (87.5-97.8)
93.3 (86.1-97.5)
89.6 (82.2-94.7)
91.3 (86.5-94.9)

96

92.6 (85.7-97.0)
95.0 (88.8-98.4)
94.6 (87.9-98.2)
93.2 (86.5-97.2)
93.9 (89.5-96.8)

96

93.7 (86.8-97.6)
95.0 (88.8-98.4)
94.7 (88.0-98.3)
94.1 (87.6-97.8)
94.4 (90.2-97.2)

93
100.0 (96.2-100.0)
92.1 (85.0-96.5)
92.2 (85.3-96.6)
100.0 (96.1-100.0)
95.9 (92.1-98.2)

AUROC 0.912 (0.873-0.952) 0.938 (0.905-0.972) 0.944 (0.911-0.976) 0.960 (0.934-0.987)

The ROC analysis for each reader and the initial CT report is shown in Figure 3. The
AUROC values were 0.912 for the in-training radiologist, 0.938 for the junior radio-
logist, 0.944 for the senior radiologist, and 0.960 for the initial CT report. Although
the more experienced radiologists showed slightly higher numerical performance, the
differences were not statistically significant. These findings suggest that CT diagnostic
performance was comparable across different levels of radiologist experience in this
cohort.
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Figure 3. Receiver operating characteristic (ROC) curves for diagnosing acute appen-
dicitis using CT. The AUROC values are shown for each interpretation: initial CT report
(0.960), senior radiologist (0.944), junior radiologist (0.938), and in-training radiologist
(0.912).

Interobserver Agreement

Interobserver agreement among the three readers was excellent. The overall percent
agreement was 93.2% (95% Cl, 90.4-96.1%). The multi-rater agreement analysis showed
a Fleiss' kappa of 0.864 (95% Cl, 0.806-0.921), indicating excellent reproducibility of CT
interpretation for acute appendicitis. Pairwise Cohen'’s kappa values were also excel-
lent: 0.867 (95% Cl, 0.727-1.000) for the in-training versus junior radiologists, 0.857
(95% Cl, 0.717-0.997) for the in-training versus senior radiologists, and 0.867 (95% Cl,
0.727-1.000) for the junior versus senior radiologists.
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Discussion

This study showed high diagnostic performance of CT for acute appendicitis across
different levels of radiologist experience. Among the three retrospective readers, the
senior radiologist achieved the highest accuracy, followed by the junior radiologist and
the in-training radiologist. However, the differences were not statistically significant.
Therefore, our findings should not be interpreted as evidence that radiologist expe-
rience has no effect, but rather that CT interpretation showed comparable diagnostic
performance among in-training, junior, and senior radiologists in this selected cohort.
The high overall performance observed in this study is consistent with the established
role of CT as a reliable imaging modality for suspected acute appendicitis. Current ACR
Appropriateness Criteria support CT as an important imaging test in adult patients
with right lower quadrant pain and suspected appendicitis, particularly when clinical
findings are equivocal or when alternative diagnoses need to be assessed [22]. A Co-
chrane review also reported high diagnostic performance of CT for acute appendicitis
in adults, supporting its use as a robust diagnostic tool in routine clinical practice [23].
The 2020 WSES Jerusalem guidelines elaborate the diagnostic workup of acute ap-
pendicitis as a combined clinical, laboratory, and radiological process, reflecting the
real-world need to integrate imaging with clinical judgment [24].

The prevalence of appendicitis in our cohort was 48.5%, which likely reflects the retro-
spective search strategy and case selection rather than the prevalence in the general
emergency department population. This is relevant because PPV and NPV are affected
by disease prevalence. Therefore, the predictive values in this study should be inter-
preted in the context of a selected group of patients who underwent CT for suspected
appendicitis, rather than as estimates for all patients presenting with abdominal pain.

Clinical findings, laboratory markers, and clinical scoring systems remain useful for
initial triage, but they were not the primary focus of this study. In our cohort, WBC
count, neutrophil percentage, and Alvarado score were higher in patients with appen-
dicitis, but overlap between the appendicitis and non-appendicitis groups remained.
This supports the practical role of CT in patients with equivocal or overlapping clinical
presentations. The WSES guidelines similarly state that clinical scores can guide risk
stratification and imaging decisions, but the diagnostic workup still relies on integra-
tion of clinical, laboratory, and imaging findings [24].

Although overall accuracy was high for all readers, the numerical differences between
experience levels were mainly due to false-negative interpretations. The in-training
radiologist had 11 false-negative interpretations, compared with 7 for the junior
radiologist and 6 for the senior radiologist. This pattern suggests that experience may
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be most relevant in cases with subtle or early inflammatory changes rather than in
typical appendicitis.

Analysis of the overlap in false-negative cases showed that all 6 cases missed by the
senior radiologist were also missed by the junior and in-training radiologists. In con-
trast, 4 additional cases missed by the in-training radiologist were correctly identi-
fied by both board-certified radiologists. These findings suggest that greater reader
experience may improve the detection of subtle or early appendicitis cases that are
more likely to be missed by less-experienced readers, rather than resulting in readers
missing completely different cases. The two cases shown in Figure 4 illustrate this
finding, in which subtle features, such as minimal wall thickening, limited periappendice-
al inflammation, or subtle enhancement without marked dilatation, were missed by the
in-training and junior radiologists but correctly identified by the senior radiologist.
Educational efforts for residents should therefore focus on equivocal cases, including
mildly enlarged appendices, subtle wall thickening or enhancement, minimal periappen-
diceal fat stranding, tip appendicitis, and atypical appendix locations.

False-positive interpretations were less frequent and were similar among the three
retrospective readers, with 6 false-positive interpretations by the in-training radiologist
and 5 each by the junior and senior radiologists. Two examples are shown in Figure
5. These cases highlight the importance of considering alternative diagnoses when
appendiceal wall thickening, luminal dilatation, or cecal involvement is present, par-
ticularly when the imaging findings or clinical presentation are not typical for uncom-
plicated appendicitis.

The initial CT report showed the highest sensitivity and negative predictive value, with
no false-negative interpretations, but had more false-positive interpretations than
the retrospective readers. This finding likely reflects real-world emergency reporting
behavior, in which radiologists may favor sensitivity to avoid missing acute appen-
dicitis. While this approach is clinically understandable, it may reduce specificity and
increase false-positive diagnoses. The initial CT report should therefore be interpreted
as a real-world clinical comparator rather than a direct measure of individual reader
expertise.

Interobserver agreement among the three retrospective readers was excellent, with
an overall percent agreement of 93.2% and a Fleiss’ kappa of 0.864. This supports the
reproducibility of CT-based diagnosis of acute appendicitis when standardized CT cri-
teria are applied. However, excellent agreement does not eliminate the importance of
experience. Rather, it suggests that most cases in this cohort had sufficiently clear CT
findings to allow consistent interpretation across readers, while subtle cases remained
more challenging for less experienced readers.
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This study has several limitations. First, the retrospective design may have introduced
selection bias. Clinical management may also have been influenced by the initial CT
report, and mild uncomplicated appendicitis treated conservatively or cases not cli-
nically recognized as appendicitis may not have been captured. Second, the sample
size was relatively small, and no formal sample size calculation was performed be-
fore the study. Third, the reference standard was mixed, using histopathology in sur-
gical cases and clinical follow-up in non-operative cases. Among the non-appendicitis
group, 8 patients had normal appendiceal pathology, whereas the remaining cases
were classified based on clinical follow-up and/or alternative CT-based diagnoses.
Fourth, although final diagnostic categories were available for the non-appendicitis
group, detailed clinical outcomes and diagnostic confirmation methods for each
alternative diagnosis were limited by the retrospective nature of the study. The original
1-4 confidence score distribution and the time interval between CT and surgery were
also not uniformly available for re-analysis. Finally, the institutional imaging pathway
was not strictly CT-first or ultrasound-first; CT was performed at the discretion of the
attending physician. This may limit generalizability to institutions with different appen-
dicitis workup pathways.

Overall, CT showed high and comparable diagnostic performance for acute appendicitis
among in-training, junior, and senior radiologists in this cohort. Experienced radio-
logists demonstrated a small numerical advantage, mainly due to fewer false-negative
interpretations. These findings support the role of resident participation in emergency
CT interpretation when appropriate supervision is available, while emphasizing the
need for focused teaching on subtle and atypical presentations of appendicitis.
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Figure 4. Two examples of false-negative CT Diagnoses of Acute Appendicitis.

Case 1 (A&B): An adult woman presented with right lower quadrant (RLQ) pain. Axial (A)
and coronal (B) contrast-enhanced CT images demonstrate a normal-caliber appendix
(0.5 cm in diameter) with subtle mural thickening and mild hyperenhancement (arrow),
which were overlooked by the in-training and junior radiologists but correctly identified
by the senior radiologist. Histopathological examination confirmed acute interstitial
appendicitis.

Case 2 (C&D): An adult man presented with right lower quadrant (RLQ) pain. Axial (C) and
coronal (D) contrast-enhanced CT images demonstrate a non-dilated appendix with subtle
mural thickening and mild hyperenhancement (arrow), without significant periappen-
diceal inflammatory change. These subtle findings were missed by the in-training
and junior radiologists but correctly identified by the senior radiologist. Histopathological
examination confirmed acute interstitial appendicitis.

Both cases represent false-negative CT interpretations by the in-training and junior
radiologists.
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Figure 5. Two examples of false-positive CT Diagnoses of Acute Appendicitis.

Case 1 (A&B): An adult man presented with right lower quadrant (RLQ) abdominal pain.
Axial (A) and coronal (B) contrast-enhanced CT images demonstrate appendiceal wall
thickening and hyperenhancement (arrow) with associated cecal wall thickening, mim-
icking acute appendicitis. However, pathological examination confirmed a high-grade
appendiceal mucinous neoplasm (HAMN), representing a false-positive CT diagnosis of
acute appendicitis.

Case 2 (C&D): An adult woman presented with generalized abdominal pain. Axial (C)
and coronal (D) contrast-enhanced CT images demonstrate mild appendiceal wall thick-
ening and hyperenhancement (arrow) without appendiceal dilatation (a normal appen-
diceal caliber). Diffuse long-segment colonic wall thickening is also present, consistent
with colitis. The appendiceal findings were considered secondary inflammatory involve-
ment rather than primary acute appendicitis. Following treatment for colitis, follow-up
CT demonstrated a normal appendix.
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Conclusion

CT demonstrated high overall diagnostic performance for acute appendicitis across all
levels of radiologist experience, with no statistically significant differences in accuracy.
However, case-level analysis of false-negative interpretations showed that more expe-
rienced radiologists identified some subtle or early appendicitis cases that were missed
by the in-training radiologist. These findings support the feasibility of independent
resident interpretation of emergency CT examinations under appropriate supervision,
while emphasizing the continued value of experienced radiologists in challenging or
equivocal cases.
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Abstract

Right-sided congenital diaphragmatic hernia (CDH) with liver herniation typically pro-
duces contralateral mediastinal shift; its absence presents a diagnostic imaging chal-
lenge and raises concern for hepatopulmonary fusion (HPF). We report three infants
with right-sided CDH and liver herniation non-contralateral mediastinal shift, including
two cases of HPF and one non-HPF case attributable to severe pulmonary hypoplasia.
This series demonstrates that non-contralateral mediastinal shift, although classically
associated with HPF, is not pathognomonic. We highlight the complementary roles and
limitations of radiography, ultrasonography, and contrast-enhanced CT in suggesting
HPF preoperatively. These cases refine the radiologic clues for this rare presentation
and underscore the importance of meticulous multimodality imaging to inform surgi-
cal planning and anticipate operative complexity.

Keywords: Hepatopulmonary fusion, Non-contralateral mediastinal shift, Right-sided
congenital diaphragmatic hernia.
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Introduction

Congenital diaphragmatic hernia (CDH) is a rare congenital anomaly, occurring in approxi-
mately 2.4-4.2 per 10,000 births, and results from the failure of fusion between the trans-
verse septum and pleuroperitoneal folds during the 8th-10th weeks of gestation, leading
to herniation of abdominal viscera into the thoracic cavity and subsequent pulmonary hy-
poplasia [1-4]. The majority of CDH cases are posterolateral (Bochdalek) defects and are
predominantly left-sided, whereas right-sided and bilateral defects are less common [1,5-
7]. In right-sided CDH with liver herniation, the mass effect typically produces a contra-
lateral mediastinal shift; however, rare cases with non-contralateral mediastinal shift pose
a diagnostic challenge and raise the possibility of severe right lung hypoplasia or hepa-
topulmonary fusion (HPF) [8]. HPF is an exceptionally uncommon anomaly, reported in
approximately 3 in 1,000 right-sided CDH cases, characterized by abnormal fusion between
the herniated liver and right lung and frequently associated with aberrant pulmonary vas-
culature, which increases surgical complexity and adversely affects outcomes [9,10]. Pre-
operative imaging often fails to definitively identify HPF, and many cases are diagnosed
intraoperatively. However, careful multimodality imaging, particularly through detailed
evaluation of anatomic and vascular relationships, may facilitate preoperative recognition
and guide surgical planning [6,11,12]. Between 2014 and 2025, our institution encountered
three cases of right-sided CDH with liver herniation and non-contralateral mediastinal shift,
including two with HPF and one without, which form the basis of this report, emphasizing
the imaging approaches and findings relevant to the diagnosis.

Case summary

Case 1

A term male newborn delivered by cesarean section for breech presentation developed
respiratory distress at birth, requiring intubation. Initial chest-abdominal radiographs
showed near-complete opacification of the right hemithorax with air-filled bowel loops
and a mild contralateral mediastinal shift, suggesting right-sided CDH with liver and
bowel herniation (Figure 1A). A follow-up radiograph further supported the diagnosis,
demonstrating a well-defined elevated hepatic contour within the thorax, an abnor-
mally high right hemidiaphragm, the absence of visible herniated bowel loops, and
non-contralateral mediastinal shift (Figure 1B).
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Figure 1. Chest-abdominal radiographs of a term newborn with dyspnea: (A) Day of life
(DOL) 1, the radiograph showed near-total right hemithoracic opacification with air-filled
bowel loops (green arrow) and a mild contralateral mediastinal shift, consistent with liver
and bowel herniation. (B) On DOL 2, the follow-up radiograph showed a sharply elevated
hepatic contour (blue arrow) with non-contralateral mediastinal shift and minimal to no
visible herniated bowel loops.

Volume XXVII Number Il September-December 2026 3 01



THE ASEAN JOURNAL OF RADIOLOGY Prathombut P, et al.
ISSN 2672-9393 ASEAN J Radiol 2026 27(3) : 299-314

Figure 2. US demonstrated an abnormally elevated right hepatic lobe within the right
hemithorax, directly abutting the aerated right lung and heart, with no identifiable right
hemidiaphragm (A). Aerated lung tissue (green arrows) was seen interposed between two
portions of the herniated liver (B). The liver was seen in close contact with the atelectatic
right lung within the hemithorax (C).

Li = liver; H = heart; L = lung.

Chest ultrasonography (US) confirmed intrathoracic displacement of the right hepatic
lobe with absence of the right hemidiaphragm, partial interposition of aerated right
lung, and close apposition of hepatic tissue to the non-aerated lung. Hepatic venous
drainage into the inferior vena cava (IVC) was preserved (Figure 2).

Intraoperatively, a right hemidiaphragmatic defect with herniation of the right hepatic
lobe and fusion to hypoplastic right lung tissue was observed. Partial repair with a
patch was performed on DOL 15.

At 10 months, CT angiography demonstrated an atelectatic right lung in direct con-
tact with and inseparable from the herniated right hepatic tissue. The right pulmonary
artery was hypoplastic, and the right pulmonary vein was absent (Figure 3). The right
hemidiaphragm remained absent, while the portal and hepatic veins drained normally
into the IVC.
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Figure 3. CT angiography of a 10-month-old infant with right-sided CDH and HPF, status
post partial repair of the diaphragmatic defect on DOL 15, showed an enhancing
atelectatic right lung conforming to the dome of the herniated right hepatic lobe within
the right hemithorax on both the arterial (A,B) and venous (C,D) phases. The lung
parenchyma received its vascular supply from a branch of the hypoplastic right pulmo-
nary artery.

L = lung; Li = liver; RPA = right pulmonary artery; HA = hepatic artery.

Persistent elevation of the right hemidiaphragm with right-sided opacity representing
the herniated hepatic lobe and HPF remained evident on the follow-up radiographs.
The patient has experienced recurrent episodes of pneumonia and bronchitis and
requires home oxygen therapy.
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Case 2

A term male newborn presented with tachypnea after birth. Chest radiographs demon-
strated a lobulated contour with elevation of the right hemidiaphragm, suspicious for
liver herniation, with adjacent pulmonary opacification and a non-contralateral medi-
astinal shift (Figure 4A).

Preoperative chest CT performed on the same day demonstrated marked elevation of
the right hemidiaphragm with superior herniation of the right hepatic lobe into the
right hemithorax, abutting a hypoplastic right lung supplied by a diminutive right pul-
monary artery. A suspected anomalous pulmonary venous channel draining via the he-
patic vein into the right atrium was noted (Figure 4B-D). A right-sided aortic arch with
an aberrant left subclavian artery and a Kommerell diverticulum was also observed.

Figure 4. Preoperative chest radiograph (A) of a term male newborn with tachypnea
after birth showed a lobulated contour and elevation of the right hemidiaphragm with
adjacent pulmonary opacification, a small aerated portion of the right upper lobe, and a
non-contralateral mediastinal shift. Preoperative chest CT (B-D) revealed marked eleva-
tion of the right hemidiaphragm with the herniated right hepatic lobe extending into the
right hemithorax. The right lung was hypoplastic and supplied by a hypoplastic right pul-
monary artery (RPA). A suspected anomalous pulmonary venous channel (green arrow)
Joined the hepatic vein (HV) and drained into the right atrium.
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A diagnosis of right-sided CDH was made, and surgical repair was performed on the
following day. Intraoperative findings confirmed right-sided CDH with HPF, evidenced
by a right posterolateral diaphragmatic defect with herniation of the liver adherent
to the right lower lobe pulmonary tissue. An arterial branch supplying the right lower
lung was visualized; however, its origin was indeterminate. There was absence of the
IVC with azygos continuation. The suprahepatic IVC was formed by the confluence
of hepatic veins and an anomalous right pulmonary vein. Surgical management in-
cluded separation of the fused lung and liver tissues followed by patch repair of the
diaphragmatic defect (Figure 5A,B). Postoperative chest CT showed a clear distinction
between the surgically separated pulmonary and hepatic tissues on the venous phase
due to their different degrees of enhancement, whereas their similar enhancement of
the tissues in certain portions on the arterial phase resulted in the partial inseparability
(Figure 5C-F). Additional vascular anomalies were identified on postoperative CT, in-
cluding a small right pulmonary vein draining into the left atrium and pleuropulmonary
collateral vessels supplying the right basal lung from the right inferior phrenic artery
(Figure 5G).
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Figure 5. Intraoperative photographs (A,B) demonstrated a medially positioned arterial
branch (white arrow) supplying the right lower lung, although its origin could not be
(dentified. A draining vein (black arrow) was also observed. Patch repair of the diaphrag-
matic defect was performed following separation of the lung and liver tissues.
Postoperative chest CT showed a partially indistinct interface between the surgically
separated pulmonary and hepatic tissues on the arterial phase due to their similar
enhancement (C,D). On the venous phase (E,F), the tissues were better delineated owing
to the differential enhancement. Pleuropulmonary collateral vessels supplying the right
basal lung from the right inferior phrenic artery were seen (G, yellow arrow).

Li = liver; L = lung; RPA = right pulmonary artery; RPV = right pulmonary vein.
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Postoperative chest radiographs continued to show elevation of the right hemidia-
phragm, and subsequent ultrasonography confirmed right diaphragmatic paralysis
(Figure 6). The patient has remained clinically stable, with only a single episode of
pneumonia and reactive airway symptoms since surgery.

Figure 6. Chest radiograph obtained a few hours after surgery (A) showed an elevated right
hemidiaphragm with right lung opacity and right pleural effusion following placement
of an intercostal drainage catheter placement, consistent with postoperative changes.
Follow-up radiographs at 3 months (B) and 6 years (C) demonstrated a persistently
elevated right hemidiaphragm with a slight interval increase in the volume of the hypo-
plastic aerated right lung. Patchy opacities in the right lower lung zone likely represented
atelectasis and possible pleural effusion. Right diaphragmatic paralysis was subsequently
confirmed on ultrasound.

Case 3

A 4-month-old male infant with right-sided CDH and multiple congenital anomalies
including global developmental delay, right hemifacial microsomia, right ear deformity,
cleft lip, atrial septal defect, and anorectal malformation with rectourethral fistula status
post colostomy, was referred to our institute for further surgical management.

Chest radiograph demonstrated right hemithoracic opacification with a non-contra-
lateral mediastinal shift (Figure 7A). US showed herniation of the liver into the right
thoracic cavity. An acute angulation between the intraabdominal and intrathoracic por-
tions of the liver, the "waist sign”, suggested a large diaphragmatic defect. No aerated
right lung was identified, raising suspicion for right lung agenesis or marked hypoplasia
with atelectasis (Figure 7B,C).
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Chest CT at 6 months confirmed herniation of the right hepatic lobe into the right
hemithorax, with only a small volume of atelectatic lung at the apex supplied by a hy-
poplastic right pulmonary artery (Figure 8).

Intraoperative findings revealed a posterior diaphragmatic defect involving nearly the
entire right hemidiaphragm with herniation of the liver, which remained covered by a
sac, into the right thoracic cavity. The herniated liver was successfully reduced into the
abdominal cavity. The sac was opened, partially revised, and closed, followed by repair
of the right diaphragmatic defect.

Figure 7. Chest radiograph showed right hemithoracic opacification with cardiac dex-
troposition (A). Ultrasound demonstrated liver herniation into the right thoracic cavity
with acute angulation between the intraabdominal and intrathoracic portions of the liver
or ‘'waist sign’ (arrow), and no visible aerated right lung (B). The heart was located within
the right hemithorax (C).
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Figure 8. Chest CT at 6 months showed superior herniation of the right hepatic lobe (Li)
(nto the right hemithorax, posterior to the heart. A small, compressed, atelectatic right
lung remnant (L) was seen superiorly and was supplied by a hypoplastic right pulmonary
artery (RPA).

A postoperative chest radiograph consistently showed persistent volume loss of the
right hemithorax with compensatory hyperinflation of the left lung, consistent with a
severe degree of right lung hypoplasia. The patient was discharged with home oxygen
via nasal cannula. At the most recent follow-up, at age 7 months, he demonstrated
adequate weight gain, clear sputum, and intermittent cyanosis. No further clinical
information was available due to loss to follow-up.
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Discussion

Imaging approaches for the rare presentation of right-sided CDH with liver hernia-
tion and non-contralateral mediastinal shift as well as the recognition of preoperative
imaging features suggestive of HPF are challenging but can be valuable for operative
planning and management, with important implications for patient outcomes.

Initial chest radiographs in our cases demonstrated typical features of right-sided
CDH, including right hemithoracic opacification with tubular lucencies representing
herniated bowel loops. These findings support chest radiography as an essential first-
line modality for evaluating CDH and neonatal respiratory distress. Large or near-total
opacification of the right hemithorax, often with an unusually elevated, curved right
hemidiaphragm, raises suspicion for liver herniation and a relatively large diaphrag-
matic defect.

It has been recognized that right-sided CDH with liver herniation typically produces
a contralateral mediastinal shift due to its mass effect. Non-contralateral mediastinal
shift is therefore unusual and has prompted consideration of HPF [13], as in our cases.
Although many reported HPF cases demonstrated non-contralateral mediastinal shift,
following literatures indicated variability in this finding. A 2010 report described a case
of right-sided CDH with HPF presenting with contralateral mediastinal shift, attributed
to the size of the diaphragmatic defect and the degree of bowel herniation [14]. Con-
cordantly, in our Case 1, the mild contralateral shift on day 1, when air-filled bowel
loops were present, evolved to a non-contralateral shift on day 2 with persistent liver
herniation and no visible bowel. In addition, a 2019 review found HPF cases to be evenly
distributed between non-contralateral and contralateral mediastinal shift [9]. One of
our cases was non-HPF at surgery, indicating that non-contralateral mediastinal shift in
right-sided CDH with liver herniation is not specific for HPF and may reflect severe lung
hypoplasia. Nonetheless, HPF should be considered in all cases of right-sided CDH [15]
and should be strongly suspected when this atypical imaging pattern is present, high-
lighting the value of radiography in early recognition and in guiding further imaging.

US is a readily available adjunct for evaluating herniated organs and diaphragmatic
integrity. In Case 3, the "waist sign,” confirmed right-sided CDH with liver herniation
into the right hemithorax; however, no right lung was visualized, limiting assessment
for HPF and suggesting severe hypoplasia or agenesis. In contrast, Case 1 showed
the right hepatic lobe herniating into the thorax, abutting the aerated lung and heart,
with an absent right hemidiaphragm and aerated lung tissue interposed between the
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hepatic portions - findings compatible with previously reported US findings of HPF
[16]. These observations emphasize the value of US in diagnosing right-sided CDH and
suggesting HPF.

Given the variability of mediastinal shift in HPF, this feature alone has limited diagnos-
tic value [9]. Additional clues, particularly anomalous hepatopulmonary vasculature,
are essential for raising suspicion for HPF. While US may show hepatic veins and IVC
drainage, assessment is often limited. Contrast-enhanced CT is better suited for com-
prehensive evaluation.

Previously reported CT findings of HPF include anomalous right pulmonary vasculature
and close contact at the lung-liver interface. However, details regarding enhancement
patterns and imaging phases remain sparse. As a result, no definitive CT criteria have
been established for the reliable diagnosis of HPF [9, 17]. In our HPF cases, CT demon-
strated an atelectatic lung closely conforming to and inseparable from the herniated
liver, with similar enhancement, as most evident on the venous phase. After surgical
separation, the hepatic and pulmonary tissues showed distinct venous-phase enhance-
ment, whereas arterial-phase similarity rendered them partially indistinguishable. In
contrast, the non-HPF case showed a well-defined interface between the liver and the
atelectatic lung. These observations support the concept that HPF may be suggested
by inseparable hepatic and pulmonary tissues with similar enhancement, particularly
on venous-phase CT, although caution is warranted given the small sample size and
the nonuniform imaging protocols.

Additional CT features of HPF included right lung hypoplasia with a small right pulmo-
nary artery and non-visualization of the right hemidiaphragm. CT suggested anoma-
lous venous drainage in Case 2 was confirmed intraoperatively. Although small vessels
and the origin of the aberrant systemic arterial supply to the right lower lung were
not fully characterized, CT provided crucial anatomic information. While intraoperative
confirmation remains the most reliable diagnostic method [9], the imaging clues and
proposed features identified in our study highlight the value of preoperative CT in sug-
gesting HPF and guiding surgical planning.

MRI may provide additional value in suspected HPF by demonstrating the loss of the
normal interface between hepatic and pulmonary tissues and by delineating anoma-
lous venous drainage; however, its role remains limited by the small number of reported
cases and the lack of established diagnostic criteria [8, 11, 16, 18].
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Postoperative radiographs showed persistent right hemithoracic opacity and hemidia-
phragmatic elevation, reflecting lung hypoplasia, atelectasis, diaphragmatic paralysis,
or postoperative changes related to partial diaphragmatic repair with residual HPF
tissue. These findings underscore the importance of clinicoradiologic correlation.

Limitations include the small number of cases inherent to this rare condition, the retro-
spective nature of the image review, inconsistent CT protocols, and the lack of assess-
ment of the role of MRI. Further studies with larger cohorts, standardized imaging pro-
tocols, and the incorporation of MRI findings, would be valuable for validating these
observations and establish reliable imaging clues for distinguishing HPF from non-HPF
entities.

Conclusion

Right-sided CDH with liver herniation and non-contralateral mediastinal shift is un-
common and has been recognized as a typical scenario for HPF; however, our series
demonstrates that this pattern is not specific and may reflect severe pulmonary hy-
poplasia. Radiography, ultrasound, and CT are valuable for diagnosis and evaluation,
and HPF should be considered in all such cases regardless of mediastinal shift, with
non-contralateral mediastinal shift warranting heightened suspicion. Ultrasound may
provide supportive findings, while CT is particularly useful for assessing anatomical
relationships and detecting anomalous hepatopulmonary vasculature, although no de-
finitive preoperative CT criteria exist. Our findings suggest that a conforming or insep-
arable liver-lung interface on contrast-enhanced CT may be a potential clue to HPF,
but this observation requires further validation. At present, intraoperative assessment
remains the most reliable diagnostic method, and the integration of clinical context
with imaging findings is essential for optimal management.
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Abstract

Congenitally corrected transposition of the great arteries (CCTGA) is a rare congenital
anomaly characterized by atrioventricular and ventriculoarterial discordance, in
which the morphologic right ventricle supports systemic circulation, often leading
to progressive dysfunction and heart failure in adulthood. We report the case of a
33-year-old man presenting with progressively worsening dyspnea. Chest radiography
demonstrated cardiomegaly with dextrocardia and features of pulmonary interstitial
edema. Multimodality imaging—including transthoracic echocardiography, coronary CT
angiography, and cardiac MRI—was essential in confirming CCTGA and assessing sec-
ondary right ventricular failure. This case highlights the critical role of early recogni-
tion and comprehensive imaging in guiding management and optimizing outcomes in
adult patients with this rare congenital condition.

Keywords: Congenitally Corrected Transposition of the Great Arteries (CCTGA), Dextro-
cardia, Heart Failure, Multimodality Cardiac Imaging, Systemic Right Ventricle.
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Introduction

Transposition of the great arteries (TGA) is a congenital cardiac anomaly characterized
by ventriculoarterial discordance, in which the aorta arises from the right ventricle (RV)
and the pulmonary artery (PA) arises from the left ventricle (LV) [1].

TGA is classified into two types: complete or dextro-transposition (D-TGA) and con-
genitally corrected transposition (CCTGA) or levo-transposition (L-TGA). CCTGA is rare,
accounting for less than 1% of all congenital heart defects [1]. It differs from D-TGA
by the presence of both atrioventricular and ventriculoarterial discordance (Figure 1).
Atrioventricular (AV) discordance refers to the connection of the right atrium to the
left ventricle and the left atrium to the right ventricle. Despite physiologically normal
circulation, the morphologic right ventricle sustains systemic output and is chronically
exposed to systemic pressures, predisposing it to progressive dysfunction and eventual
failure [1].

Here, we report a classic case of CCTGA diagnosed in adulthood, presenting with acute
dyspnea and heart failure. Detailed evaluation included chest radiography, coronary CT
angiography, and cardiac MRI.

Figure 1. The illustration shows
the anatomy of the heart and
great arteries in congenitally cor-
rected transposition of the great
arteries (CCTGA). The pulmonary
artery (PA) originates from the left
ventricle (LV) and the aorta (Ao)
originates from the right ventricle
(RV). The right atrium (RA) con-
nects to the LV and the left atrium
(LA) connects to the RV. IVC = in-
ferior vena cava.
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Case summary

A 33-year-old man with no known underlying disease presented with progressive
dyspnea and a change in functional class over the past month. Physical examination
revealed fine crepitations in both lungs without cardiac murmurs. ECG showed sinus
bradycardia with absent septal Q waves in the lateral leads, reversed R-wave progres-
sion, and widespread T-wave inversions (I, Il, lll, aVF, aVL, V2-6). Laboratory testing re-
vealed markedly elevated NT-proBNP (9,267 pg/mL). Chest radiography demonstrated
cardiomegaly with dextrocardia, bulging of the right cardiac border, prominent hila,
and mild blunting of both costophrenic angles (Figure 2). Although these findings are
nonspecific, the combination of dextrocardia and cardiomegaly in an adult with heart
failure should raise suspicion for an underlying congenital cardiac anomaly and prompt
further cardiac evaluation.

Transthoracic echocardiography demonstrated situs solitus with dextrocardia, atrio-
ventricular (AV) and ventriculoarterial (VA) discordance, and a dilated systemic right
ventricle (RV) with an ejection fraction of 30%, confirming acute heart failure secondary
to CCTGA. The patient was admitted for intravenous diuretics and further imaging
evaluation.

Coronary CT angiography and cardiac MRI confirmed dextrocardia with L-transposition
of the great arteries (L-TGA). The aorta originated from the morphologic RV and the
pulmonary artery from the morphologic LV (VA discordance). The right atrium drained
into the morphologic LV and the left atrium into the morphologic RV (AV discordance).
There was no left main coronary artery; the LAD and LCX arose separately from the
right-facing aortic cusp, while the RCA originated from the left-facing cusp (Figure 3).
Cardiac MRI further demonstrated severe RV dilatation with moderate systolic dysfunc-
tion and concentric RV hypertrophy, consistent with RV cardiomyopathy secondary
to congenital heart disease (Figure 4). Following intravenous diuretics, the patient’s
symptoms improved, and he was discharged on oral diuretics. On follow-up, his clinical
status improved, but cardiac function showed no recovery. He is currently on the
waiting list for cardiac transplantation.
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PA-UPRIGHT

Figure 2. PA upright chest radiograph demonstrates cardiomegaly with dextrocardia,
bulging of the right cardiac border, prominent hila, and mild blunting of both costophrenic

angles.
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Left CA

Figure 3. Coronary anatomy of the patient with CCTGA. (A) Illustration of the anatomy
of the coronary arteries in CCTGA. CA = coronary artery. (B) MIP cardiac CT image at
the level of the aortic sinus of Valsalva, the left anterior descending artery (LAD) and the
left circumflex artery (LCX) originate from the left main coronary artery (LM) which arises
from the right-facing sinus. The LAD courses anteriorly in the interventricular groove
and the LCX courses in the right atrioventricular groove. The right coronary artery (RCA)
originates from the left-facing sinus and travels along the left atrioventricular groove. In
this patient, another coronary artery branch (black straight arrow) arises directly from
the right-facing sinus and supplies the free wall of the right ventricle.
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Figure 4. Cardiac MRI of the patient with CCTGA. (A) Axial SSFP MR image, anterior
and leftward positioning of the aorta (Ao) relative to the main pulmonary artery (PA) is
observed. (B) Axial SSFP MR image illustrates the right atrium (RA) connected to the left
ventricle (LV) and the left atrium (LA) connected to the right ventricle (RV). The morpho-
logic LA demonstrates finger-like appearance of the LA appendage. (C) Sagittal SSFP MR
image illustrates a muscular band (arrow) between the atrio-ventricular and semilunar
valves of the left-sided ventricle, representing the morphologic RV (D) SSFP MRI in the
four-chamber view illustrates that the morphologic LV connects to the PA. Coarse inter-
ventricular septum of the morphologic RV is also noted.
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Discussion

Congenitally corrected transposition of the great arteries (CCTGA) was first described
by the Australian pathologist Von Rokitansky in 1875 [2]. The condition results from
abnormal embryonic looping of the primary heart tube which undergoes a left-sided
loop (L-loop) instead of the normal right-sided loop (D-loop). This abnormal looping
produces atrioventricular discordance, in which each atrium connects to a morpho-
logically mismatched ventricle. In addition, abnormal torsion of the aortopulmonary
septum leads to ventriculoarterial discordance (transposition of the great vessels). As a
result, the right atrium, mitral valve, and morphologic left ventricle receive deoxygen-
ated systemic venous blood and connect to the posteriorly located pulmonary artery.
Conversely, the left atrium, tricuspid valve, and morphologic right ventricle receive ox-
ygenated pulmonary venous blood and connect to the aorta, which is positioned ante-
rior and leftward to the pulmonary artery.

CCTGA can occur in either situs solitus or situs inversus, depending on the visceroatrial
arrangement [3]. Cardiac position is usually levocardia or mesocardia, while dextrocar-
dia is seen in approximately 20% of cases, including our patient. Coronary anatomy
may also follow a mirror-image pattern [1]. In our patient, the left coronary artery
arose from the right-facing sinus and coursed through the right atrioventricular groove
posterior to the mitral valve. The right coronary artery originated from the left-facing
sinus, ran between the left atrium and right ventricle, and supplied only the systemic
right ventricle.

Most patients with CCTGA have associated congenital heart defects that influence their
clinical presentation and long-term prognosis. Ventricular septal defect is present in
up to 80% of cases, while other common anomalies include pulmonary stenosis, left
ventricular outflow tract obstruction (LVOTO), Ebstein anomaly, situs inversus, and dex-
trocardia [4]. Isolated CCTGA, which accounts for only 1-2% of cases, is usually asymp-
tomatic in childhood due to physiologically corrected circulation without mixing or
shunting of blood [5].

Despite this apparent compensation, the morphologic right ventricle is not structurally
suited to support the systemic circulation in the long run. Chronic exposure to high
afterload and systemic pressures induces myocardial remodeling, initially causing right
ventricular hypertrophy and progressing to dilatation. Pathological hypertrophy, com-
bined with microcirculatory impairment, results in inadequate perfusion of the hyper-
trophied systemic right ventricle—particularly because it is supplied solely by the right
coronary artery. Over time, this leads to progressive right ventricular dysfunction and
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eventual heart failure. In adults with CCTGA, heart failure occurs in approximately 37%
of cases, typically presenting with dyspnea, orthopnea, paroxysmal nocturnal dyspnea,
peripheral edema, and jugular venous distension [2]. Elevated N-terminal pro-B-type
natriuretic peptide (NT-proBNP) levels may aid diagnosis, as observed in our patient.

Imaging plays an important role in both diagnosis and management. The choice of
modality depends on clinical context and resource availability. Transthoracic echo-
cardiography is usually the first-line investigation, providing information on cardiac
morphology, ventricular and valvular function, and hemodynamics. For more detailed
evaluation, coronary CT angiography (CTA) and cardiac MRI play complementary roles
in pre- and postoperative assessment, offering high-resolution visualization of cardio-
vascular anatomy, coronary artery origins, ventricular function, and myocardial mor-
phology [6].

In our patient, coronary CTA and cardiac MRI confirmed both atrioventricular and ven-
triculoarterial discordance, establishing the diagnosis of CCTGA. Additional findings
included severe right ventricular dilatation, moderately impaired systolic function, and
severe concentric hypertrophy, consistent with right ventricular cardiomyopathy sec-
ondary to systemic pressure loading. Recognition of morphologic ventricular charac-
teristics was crucial for diagnosis: the morphologic right ventricle was identified by the
presence of a moderator band, coarse trabeculation, a muscular infundibulum between
the atrioventricular and arterial valves, and papillary muscle attachment to both the
septum and free wall [1].In contrast, the morphologic left ventricle showed fine tra-
beculation, smooth septal contour, fibrous continuity between the atrioventricular and
arterial valves, and absence of a moderator band. The aorta was located anterior and
leftward of the pulmonary artery, arising from the morphologic right ventricle, confirm-
ing the classic anatomy of CCTGA.

Management strategies depend on associated lesions and clinical presentation.
In symptomatic patients with heart failure due to right ventricular dysfunction, ini-
tial treatment follows the approach used for morphologic left ventricular failure, with
medical therapy initiated when EF is less than 40% [2]. In our patient, diuretics were
prescribed as first-line therapy. Surgical approaches include either conventional re-
pair or anatomical correction. The conventional approach addresses associated defects
without correcting the discordance, leaving the right ventricle as the systemic ventricle.
Anatomical repair, by contrast, can be achieved using a double switch operation or a
Senning—Rastelli procedure [1]. Ultimately, cardiac transplantation may be required,
particularly in terminal heart failure, as in our patient.
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Conclusion

Congenitally corrected transposition of the great arteries (CCTGA) is a rare congenital
cardiac anomaly that may remain undetected until adulthood, when patients often
present with systemic right ventricular failure. Multimodality imaging, including echo-
cardiography, coronary CT angiography, and cardiac MR, plays a crucial role in diag-
nosis, delineation of anatomic relationships, and assessment of ventricular function.
Our case highlights the value of advanced imaging in confirming CCTGA in adults and
in guiding clinical management, including the need for timely referral for transplanta-
tion in cases of progressive systemic RV dysfunction.
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and medical physics
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Three honours in a single year

Within a period of little more than three weeks in 2026, Emeritus Professor Kwan Hoong
Ng received three major professional honours from three distinct communities.

At the 24th Asian Oceanian Congress of Radiology in Singapore, held from 20-23
August 2026, he was awarded the Asian Oceanian Society of Radiology (AOSR) Gold
Medal. On 11 September, in Busan, Republic of Korea, he received the Asia-Oceania
Federation of Organizations for Medical Physics (AFOMP) Lifetime Achievement
Award. The following day, in Ipoh, Malaysia, the Malaysian Medical Association (MMA)
Gold Medal added a third recognition.

The convergence is notable not simply because of the number of honours, but because
they originate from different professional communities: radiology, medical physics,
and the wider medical profession. Collectively, they provide an unusual perspective on
a career that has developed across disciplinary and national boundaries, and alongside
the transformation of medical imaging and medical physics in Asia-Oceania.

The AOSR Gold Medal is the Society's highest honour for an individual from the
Asia-Oceania region who has rendered outstanding and exceptional service to the
development, teaching, or practice of radiology. The AFOMP Lifetime Achievement
Award recognises a distinguished career in medical physics and service to the profes-
sion and community. The MMA Gold Medal, in turn, has historically been described
by the Association as its most meritorious award, recognising contributions that may
encompass leadership, nation building, scientific achievement, and improvements in
health and society.
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Seen together, the three awards reflect an important feature of contemporary radiology:
progress increasingly occurs not within a single profession, but at the interface be-
tween professions.

A medical physicist within the world of radiology

Professor Ng is a medical physicist by training and Emeritus Professor in the Department
of Biomedical Imaging, Faculty of Medicine, Universiti Malaya, Kuala Lumpur, Malaysia.
His academic interests have included medical imaging, breast imaging and breast den-
sity, radiation dosimetry and protection, computing and artificial intelligence, medi-
cal physics education and risk communication. Over four decades at Universiti Malaya,
his work has extended from research and teaching to professional development and
regional capacity building.

This breadth is important because medical physics is integral to modern radiology while
frequently remaining less visible than its clinical components. Image quality, optimisa-
tion, radiation dose, equipment performance, safety standards, and the responsible
introduction of emerging technologies all depend on the interaction of radiologists,
radiographers, medical physicists, engineers, and other professionals.

Professor Ng's career has taken place within this interface. His contributions to the
radiological community have included education, research, radiation protection, and
the development of safety initiatives. He has also been involved in training generations
of radiologists, clinical oncologists, and medical physicists.

The 2026 AOSR Gold Medal is therefore particularly significant. Its presentation to a
medical physicist recognises that the advancement of radiology extends beyond image
interpretation itself. The scientific and safety infrastructure around imaging is equally
fundamental to its quality and effectiveness.
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The AOSR Gold Medal: building a culture of safety

& AOSR

Asian Oceanian Society of Radiology
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©

Kwan Hoong Ng

in recognition of his outstanding contributions to Radiology

and service to the Asian Oceanian Society of Radiology

atthe 24th Asian Oceanian Congress of Radiology in Singapore
August 20 - August 23, 2026

e

Chamaree Chuapetcharasopon

Professor Ng's most visible contribution within AOSR has been the development of
AsiaSafe.

He formally proposed AsiaSafe to AOSR in 2017 and became its founding chair. The
initiative was conceived to foster a culture of safety in medical imaging and radiation
medicine across the Asia-Oceania region. He has subsequently represented AOSR in
international organizations and initiatives involving radiation protection and safety,
including the International Atomic Energy Agency and International Commission on
Radiological Protection. He has also participated in AOSR efforts addressing magnetic
resonance imaging safety and artificial intelligence in radiology.

These activities reflect a broader evolution within radiology. Safety is no longer con-
fined to radiation dose or equipment quality assurance. Contemporary imaging requires
attention to multiple interacting domains: radiation protection, magnetic resonance
safety, contrast safety, data governance, artificial intelligence, workforce education,
and risk communication.

3 2 6 Volume XXVII Number Il September-December 2026



Fadzli F. THE ASEAN JOURNAL OF RADIOLOGY
ASEAN J Radiol 2026 27(3) : 324-333 ISSN 2672-9393

AsiaSafe is therefore relevant not simply as an individual initiative, but as an example
of regional cooperation in handling a common professional challenge. Countries in the
Asia-Oceania region differ substantially in resources, healthcare structures, and access
to technology, yet the principles of safe imaging must remain applicable across these
environments.

For ASEAN radiology, this type of regional framework is particularly valuable. It allows
experience, standards, and educational resources to be shared while recognising that
implementation must be adapted to local circumstances.

AFOMP: from individual expertise to regional
Institutions

CERTIFICSNE

AFOMP Lifetime Achievement Award 2026

This Certificate is Proudly Presented to

@Prof Kwan Hoong Ng

LIFETIME
For AFOMP Lifetime Achievement Award 2026 ACHIEVEMEN
\ AWARD

11 September 2026 )60»4“/ o s e

Date Dr Xiance Jin Prof Dr Hasin Ahupama Azhari
Chair AHC AFOMP President AFOMP

The AFOMP Lifetime Achievement Award highlights another dimension of Professor
Ng's career: institution building.

His association with regional medical physics predates AFOMP itself. Professor Ng was
a founding member and the founding president of the Southeast Asian Federation
of Organizations for Medical Physics (SEAFOMP). SEAFOMP was formally recognised
as a regional chapter of the International Organization for Medical Physics in 2000,
initially bringing together medical-physics organisations from Indonesia, Malaysia, the
Philippines, Singapore, and Thailand. Brunei and Vietnam subsequently joined.
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The aims were practical: to improve communication and cooperation between medi-
cal physicists, advance professional standards, strengthen education and training, and
create opportunities for scientific exchange across Southeast Asia. These objectives
were particularly important at a time when medical physics was developing unevenly
across the region.

Professor Ng was also among those involved in the foundation of AFOMP, extend-
ing this model of cooperation across Asia and Oceania. As a co-founder of the Fede-
ration, he contributed to the development of a regional professional community
that brought together medical physics organisations across a much larger and more
diverse geographical area. AFOMP has since become an important platform for scien-
tific exchange, professional development, education, and collaboration among medical
physicists throughout the Asia-Oceania region. Professor Ng's long association with
the organisation gives the 2026 Lifetime Achievement Award particular significance: it
represents recognition from a professional community that he himself helped to build.

More recently, he established the ASEAN College of Medical Physics (ACOMP),
founded in 2014 as a regional platform for education and training in medical phy-
sics. ACOMP provides structured opportunities for medical physicists across Southeast
Asia to strengthen their knowledge, develop professional skills, and learn from experts
within and beyond the region. By bringing participants from different ASEAN countries
together, it also creates professional networks that continue beyond individual courses.
In this way, ACOMP complements organisations such as SEAFOMP and AFOMP by
translating regional collaboration into practical education and capacity building for the
next generation of medical physicists.

The AFOMP Lifetime Achievement Award therefore recognises more than a body of
scientific work. In Professor Ng's case, it also reflects his contribution in building the
professional structures through which medical physics has developed in Southeast Asia
and the wider Asia-Oceania region.
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MMA Gold Medal: contribution to the wider benefit
of society
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Where the AOSR and AFOMP awards originate from communities closely connected
with Professor Ng's principal fields of work, recognition by the Malaysian Medical
Association (MMA) places his contributions within a broader national and societal
context.

The MMA Gold Medal is awarded to a member for outstanding contribution in areas
that may include nation building, leadership, world-class medical or scientific research,
innovation in addressing healthcare or social challenges, or achievements that have
had a meaningful impact at a personal, national, or international level. Its criteria
therefore extend beyond academic distinction alone, encompassing the translation of
expertise into wider benefit for society.

This is particularly relevant to Professor Ng's career. Much of medical physics ultimately
serves objectives that are clinical and societal rather than purely technological: improving
diagnosis, ensuring the safe and appropriate use of radiation, supporting the intro-
duction of new technologies, protecting patients and healthcare professionals, and
strengthening the systems within which healthcare is delivered. His work in radiation
protection, professional education, regional capacity building, and risk communication
reflects this broader orientation.
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The boundaries between scientific disciplines and clinical medicine have also become
progressively less distinct. Artificial intelligence, quantitative imaging, advanced imaging
systems, and precision radiation techniques increasingly require expertise extending
beyond conventional professional silos. Medical physicists, radiologists, engineers, and
clinicians may approach these technologies from different perspectives, but their effec-
tive integration is central to safe and effective patient care.

The MMA Gold Medal therefore adds an important dimension to the other two honours.
It recognises Professor Ng's contributions not only within radiology and medical physics,
but also in the wider context of leadership, healthcare development, and the applica-
tion of science in ways that can influence professional practice and society.

An ASEAN contribution

The development of medical imaging in Southeast Asia has occurred against substantial
differences in healthcare resources, workforce capacity, technological access, and pro-
fessional structures. Yet many of the challenges facing the region—education, quality
assurance, radiation safety, responsible adoption of new technologies, and workforce
development—are shared.

Professor Ng's work with SEAFOMP, ACOMP, AFOMP, and AsiaSafe (AOSR) has consis-
tently addressed these shared challenges through professional networks rather than
through a single institution or country.

Regional professional organisations create mechanisms by which countries can learn
from each other's experience while developing local capacity. They also provide younger
professionals with access to mentors, scientific exchange, and professional communi-
ties that may not otherwise be available within their own institutions.

Professor Ng's career illustrates how regional progress in medical imaging and medical
physics depends not only on technological advancement, but also on the develop-
ment of professional capacity. Trained professionals, strong institutions, safety cultures,
educational networks, and sustained opportunities for collaboration are all essential
components of that progress. His work across multiple regional organisations has con-
tributed to building this shared professional infrastructure across Southeast Asia and
the wider Asia-Oceania region.
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Scholarship, communication and the next generation

The three awards also sit within a longer record of recognition. Professor Ng was
named by the International Organization for Medical Physics among 50 medical physi-
cists who had made outstanding contributions to the field, received the IOMP Marie
Sktodowska-Curie Award in 2018, and received Malaysia's Merdeka Award for Out-
standing Scholastic Achievement in 2020.

His interests have nevertheless continued to evolve with the profession. Artificial
intelligence, responsible innovation, radiation and magnetic resonance safety, risk
communication, and professional education remain active areas of his resonance
imaging safety work.

Communication has also extended beyond academic publishing. In addition to scientific
writing, Professor Ng is a regular newspaper columnist and contributor, writing for a
broader readership on science, artificial intelligence, ethics, education, and reflections
on everyday life. Recent columns have appeared regularly in Malaysian publications
including Malay Mail and Star. This aspect of his work is secondary to his scientific
career but consistent with his longstanding interest in communicating complex ideas
beyond specialist audiences.

Three honours and a wider perspective

Awards inevitably look backwards. They recognise work already undertaken and con-
tributions already made. The concentration of three major honours in 2026, however,
also provides an opportunity to consider the direction in which radiology and medical
physics are moving.

The AOSR Gold Medal highlights the increasingly multidisciplinary nature of radiology.
The AFOMP Lifetime Achievement Award highlights the importance of education, pro-
fessional organization, and regional institution building. The MMA Gold Medal places
these contributions within the wider context of medicine and society.

For ASEAN to be replaced by Asia-Oceania, the larger lesson is that the advancement
of radiology depends on more than acquiring increasingly sophisticated technology.
It also requires the less visible infrastructure around that technology: appropriately
trained professionals, scientific rigour, standards, safety culture, mentorship, commu-
nication, and sustained cooperation across borders.
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Professor Kwan Hoong Ng's career has intersected with each of these elements. The
three honours conferred in 2026 recognise different aspects of that career. Taken to-
gether, the three honours recognise not only Professor Ng's scientific contributions,
but also a broader legacy of institution building, professional development, mentoring,
and regional collaboration that has helped shape medical physics and radiology across
Asia-Oceania.

Farhana Fadzli, FR.C.R.
President, College of Radiology, Academy of Medicine of Malaysia,
President, Malaysian Society of Radiologists
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Abstract

Background: Magnetic resonance imaging (MRI) is a core diagnostic modality supporting
advanced clinical service. In Vietnam, increasing healthcare investment has driven
expansion in MRI capacity, yet comprehensive multi-year analyses remain limited.

Objective: To analyze MRI system, import trends in Vietnam from 2023 to 2025, focusing
on MRI capacity expansion, technology diffusion, regional distribution, and implica-
tions for health system planning.

Materials and Methods: National import data on MRI systems from 2023 to 2025 were
reviewed and classified by year, magnetic field strength, manufacturer, region, and
type of healthcare provider. Descriptive analyses were performed to evaluate temporal
trends and market characteristics.
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Results: A total of 257 MRI systems were imported during 2023-2025. The 1.5T MR
remained dominant, accounting for 67.3% of the imported systems, while 3.0T systems
increased markedly from 6 units in 2023 to 22 units in 2025. In 2025, Northern Viet-
nam accounted for 71.6% of newly imported 1.5T and 3.0T systems. Private healthcare
providers represented 50.0% of installations and showed a higher proportion of 3.0T
adoption than public hospitals. Distribution of imported MRI systems by manufacturer
was significantly uneven (x* = 105.36, df = 5, p < 0.001), with manufacturers GE and
Siemens together accounting for 62.2% of imported MRI systems.

Conclusion: Vietnam's MRI diagnostic capacity continues to expand rapidly with a clear
shift toward higher-field MRI technologies. This evolution underscores the need for
strategic imaging investment and coordinated health system planning, in Vietnam and
the wider ASEAN region.

Keywords: ASEAN, Diagnostic capacity, Field strength, Health policy, Health system
planning, Magnetic Resonance Imaging, MRI imports, Technology diffusion, Vietnam.

Introduction

Magnetic resonance imaging (MRI) has revolutionized diagnostic medicine, establishing
itself as an indispensable tool for non-invasive evaluation across oncology, neurology,
and musculoskeletal disorders [1,2]. As global healthcare systems evolve, the demand
for high-resolution imaging infrastructure has expanded exponentially, particularly in
emerging market economies within the Asia Pacific region [3,4]. Driven by macroeco-
nomic growth, expanding health insurance coverage, and a demographic shift toward
an aging population, Vietnam represents one of the fastest-growing medical device
markets in Southeast Asia [5,6]. Beyond its diagnostic value, MRI represents a major
health technology investment that reflects the technological maturity of healthcare sys-
tems. The adoption and diffusion of advanced imaging technologies are increasingly
used as indicators of healthcare modernization and system capacity development.
Health technology assessment (HTA) frameworks emphasize that medical equipment
deployment should be evaluated not only from technical and clinical perspectives but
also from organizational, economic, and policy perspectives [7,8].

Historically, the procurement of advanced diagnostic equipment in middle-income
countries has faced significant structural constraints, including high capital expendi-
ture, infrastructure limitations, and a shortage of specialized biomedical personnel [2].
However, recent clinical shifts emphasize a transition from lower field strengths toward

Volume XXVII Number Il September-December 2026 3 3 5



THE ASEAN JOURNAL OF RADIOLOGY Bui C.N,, et al.
ISSN 2672-9393 ASEAN J Radiol 2026 27(3) : 334-345

high-field configurations, such as 1.5T and 3.0T systems, which offer superior signal-
to-noise ratios, shorter scan times, and enhanced functional imaging capabilities [7].
Understanding MRI adoption patterns may provide evidence for national imaging ca-
pacity planning, health technology prioritization, and equitable allocation of diagnostic
resources across regions. Health technology assessment literature recognizes diffu-
sion patterns of medical devices as an important component of healthcare planning
and policy development. Evaluating the distribution of MRI technology may therefore
contribute to evidence-based decision-making for future healthcare investments [9].
Despite the strategic importance of this technology, public empirical research tracking
multi-year biomedical import trends, distribution equity, and private versus public
purchasing behaviors in Vietnam remains scarce. This study analyzes comprehensive
national MRI import datasets from 2023 to 2025 to evaluate growth patterns, techno-
logical composition, geographic distribution, and market shares among primary manu-
facturers, establishing an empirical baseline for healthcare infrastructure planning. In
addition, this study provides evidence to support health system planning, equitable
allocation of diagnostic imaging resources, and future public health policy in Vietnam.
By situating MRI market dynamics within broader health system needs, the findings
contribute to strategic decision-making and long-term capacity building in diagnostic
imaging services.

Materials and methods

Official national import statistics were analyzed descriptively. MRI systems were clas-
sified by year of import, magnetic field strength (<1.5T, 1.5T, and 3.0T), and manufac-
turer. Import data were obtained from the official Vietnam Customs database using
MRI-related HS codes 90181300. Access to the dataset was granted through formal
authorization, and the data were purchased from the Customs authority [10]. The data-
set was subsequently cleaned and analyzed by the authors to ensure accuracy and
consistency.

Descriptive analysis was performed to examine trends and the market structure of im-
ported MRI systems. Statistical analyses were conducted using R software (version 4.3.2;
R Foundation for Statistical Computing, Vienna, Austria). MRI system categories—de-
fined by magnetic field strength (<1.5T, 1.5T, and 3.0T) and manufacturer—were treated
as categorical variables and summarized as frequencies and percentages by year. Dif-
ferences in the distribution of MRI system categories across years (2023-2025) and
manufacturers were assessed using the chi-square test of independence.
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Results

A total of 257 MRI systems were included in the analysis, with annual imports increasing
from 61 systems in 2023 to 103 systems in 2024, followed by a slight decline to 93
systems in 2025.

 Field-strength distribution: Across all years, 1.5T systems constituted the majority
(173/257; 67.3%). The proportion of 3.0T systems increased progressively over
time, reflecting a gradual technological shift toward higher-performance imaging
platforms.

« Manufacturer market share: GE (89/257; 34.6%) and Siemens (71/257; 27.6%)
together accounted for more than half of total imports (62.2%). Other contribu-
tors included ANKE, Philips, FUJIFILM, and United Imaging, each representing
smaller but notable segments of the market.

« Regional and ownership distribution in 2025
Out of the 93 MRI systems imported in 2025, customs data confirmed the instal-
lation of 88 systems within the year. It is likely that five systems were imported
toward the end of 2025 but only installed in early 2026, and therefore their
locations were not included in the statistics.
Among the 88 installed systems, Northern Vietnam accounted for 63 units
(71.6%), while Southern Vietnam accounted for 25 units (28.4%). Private health-
care providers installed 44 systems (50.0%), with a higher proportion of 3.0T
units (31.8%) compared to public hospitals (22.7%).

Comparative analysis using the chi-square test showed no statistically significant
difference in the overall distribution of field-strength categories across the three years
(x* = 7.42, df = 4, p = 0.115). Despite the lack of statistical significance, descriptive
trends were evident. Specifically, the number of 1.5T systems peaked in 2024 before
declining in 2025, while 3.0T systems demonstrated a steady increase across the study
period. This pattern suggests a gradual transition toward higher-field MRI technology,
consistent with global trends in advanced diagnostic imaging. In terms of manufac-
turer dynamics, GE and Siemens maintained dominant positions throughout, while
emerging contributions from other vendors highlight a diversifying market landscape.
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2025 8 49 22 93
Total 30 173 40 257

Figure 1. MRI imports in Vietnam by field strength (2023-2025). Stacked bar chart illus-
trating annual distribution of <1.5T, 1.5T, and 3.0T systems. A progressive increase in 3.0T

systems (s observed over time.
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GE

Siemens
ul
FUJIFILM
ANKE Philips
Manufacturer Share (%) Number of Systems
GE 34.60% 89
Siemens 27.60% 71
ANKE 12.10% 31
Philips 11.70% 30
FUJIFILM 8.90% 23
United Imaging (UI) 5.10% 13
Total 100% 257

Figure 1. Distribution of limported MRI systems by manufracturer (2023-2025 total). GE
and Siemens together account for the majority of MRI imports, with additional contribu-
tions from ANKE, Philips, FUJIFILM, and United Imaging.

The distribution of imported MRI systems differed significantly among manufacturers
(x* = 105.36, df = 5, p < 0.001). GE accounted for the largest share of imported systems
(34.6%), followed by Siemens (27.6%). Together, these two manufacturers represented
62.2% of all imported MRI systems, indicating a highly concentrated manufacturer
market structure.
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Discussion

The expansion of MRI infrastructure should be interpreted not only as technological
growth but also as an indicator of strengthening diagnostic capacity within the Viet-
namese health system. The Vietnamese MRI market demonstrates both quantitative
expansion and qualitative technological transition. From a health technology assess-
ment perspective, the observed increase in MRI installations reflects not only market
growth but also accelerated adoption of advanced diagnostic technologies within the
healthcare system. Technology diffusion is commonly influenced by clinical demand,
investment capacity, organizational readiness, and expected healthcare benefits [9].
The increasing adoption of higher-field MRI systems may indicate growing demand for
advanced diagnostic capability and greater investment in imaging infrastructure across
Vietnam [7].

The data reveals a distinct divergence in procurement behavior between public and
private healthcare facilities. The higher adoption rate of 3.0T MRI systems in the private
sector may indicate greater flexibility in capital investment and faster uptake of emerging
technologies. Similar patterns have been reported in health technology adoption studies,
where private healthcare providers often serve as early adopters of advanced medical
equipment due to fewer budgetary constraints and stronger competitive incentives
[11,12]. This trend may contribute to technological innovation but could also widen
disparities in access to advanced imaging services between healthcare sectors [9,12].

Policy Implications for Health Technology Planning

The empirical findings of this study yield several critical implications for strategic health
technology planning, macro-level resource allocation, and healthcare policy formula-
tion in Vietnam.

First, the profound surge in national MRI imports observed between 2023 and 2025
signifies an accelerating clinical demand for advanced diagnostic imaging modali-
ties. This quantitative expansion aligns with the systemic modernization of Vietnam's
healthcare infrastructure, the widespread institutionalization of imaging-guided clinical
pathways, and rising consumer expectations for high-precision diagnostics. This rapid
influx underscores the urgent need for evidence-based Health Technology Assessment
(HTA) frameworks to systematically evaluate the clinical efficacy, cost-effectiveness,
and long-term societal value of these capital-intensive investments [7,8].

Second, the stark geographical asymmetry in MRI procurement indicates latent re-
gional disparities regarding patient access to high-tier diagnostic infrastructure. The
disproportionate concentration of newly imported systems within Northern Vietnam in
2025, relative to the Southern and Central regions, poses a structural challenge to the
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principle of healthcare equity. While this disparity is partially driven by localized mac-
roeconomic variables and concentrated public-private hospital developments, it high-
lights the necessity for centralized regulatory oversight. Future provincial and national
healthcare planning must utilize geographical information system (GIS) mapping of
existing imaging density, regional disease burdens, and referral networks to establish a
more balanced and equitable distribution of high-cost medical equipment [8].

Third, the rising trajectory of 3.0T MRI adoptions reflects a qualitative technological
transition toward ultra-high-field imaging platforms. From a clinical governance per-
spective, while 3.0T configurations offer superior signal-to-noise ratios and advanced
functional capabilities in neuroradiology, oncology, and cardiovascular imaging, they
also demand substantial ancillary support systems. The diffusion of ultra-high-field
MRI necessitates synchronized national investments in advanced pedagogical training
for radiologists and biomedical engineers, rigorous quality assurance (QA) protocols,
standardized safety guidelines (e.g., specific absorption rate [SAR] monitoring), and
sustainable long-term lifecycle maintenance planning [7].

Fourth, the pronounced leadership of the private healthcare sector in absorbing 3.0T
technologies demonstrates that private providers act as primary drivers and early
adopters of disruptive medical innovations in Vietnam. Facilitated by flexible capital
procurement models and strong market-driven competitive incentives, the private sec-
tor rapidly bridges the technological gap [11]. However, this asymmetric diffusion risks
widening the quality-of-care gap between public and private tiers. Policymakers should
devise strategic regulatory or public-private partnership (PPP) mechanisms to lever-
age private-sector imaging capacity, ensuring that low-income demographics can also
benefit from advanced non-invasive diagnostics [12].

Finally, the sustained market concentration among a limited cohort of global medical
device manufacturers (specifically GE HealthCare and Siemens Healthineers) presents
both structural advantages and regulatory risks. While manufacturer concentration
ensures high technological standardization, established maintenance ecosystems,
and reliable technical support, it potentially limits long-term cost-optimization. Regu-
latory bodies and hospital procurement committees should maintain a transparent,
highly competitive bidding environment to stimulate technological diversity, enhance
cost-effectiveness, and maximize return on investment. Ultimately, this longitudinal
analysis establishes that a laissez-faire approach to medical device procurement may
exacerbate regional and cross-sectoral imbalances. Integrating systematic data-driven
monitoring of health technology diffusion into national healthcare planning is para-
mount to achieving optimized resource allocation, safeguarding equity, and sustaining
the modernization of diagnostic services across Vietnam [9,12].
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Table 1. Key findings, health technology implications, and policy recommendeations for
MRI capacity expansion in Vietnam (2023-2025).

Core Empirical Finding

Profound surge in na-
tional MRI imports
(2023-2025)

Accelerated shift toward
ultra-high-field 3.0T
systems

Private sector dom-
inance in high-field
(3.0T) adoption

Marked geographic

clustering in Northern
Vietnam (2025)

Duopolistic market
control by major global
manufacturers

Rapid nationwide ex-
pansion of total MRI
infrastructure

Strategic Health Technology

Implication

Escalating clinical reliance on
advanced diagnostics; rising in-
frastructure expenditure.

Qualitative technological up-
grading; expansion of high-
precision subspecialty imaging.

Asymmetric innovation diffu-
sion; private providers acting as
early technological adopters.

Severe regional polarization
and potential inequities in diag-
nostic resource access.

High technological standardiza-
tion but restricted pricing com-
petition.

Increased  operational  risks,
lifecycle costs, and burden on
technical personnel.

Recommended Policy/Planning
Intervention

Institutionalize mandatory HTA guide-
lines for large-scale hospital capital
equipment procurement.

Develop specialized workforce training
programs and national MRI quality as-
surance protocols.

Formulate strategic Public-Private Part-
nerships (PPPs) to enhance universal
access to high-tier diagnostics.

Implement needs-based regional quo-
ta systems and capacity mapping for
future import licensing.

Foster a transparent, competitive pro-
curement environment to optimize
capital expenditures.

Mandate long-term total cost of own-
ership (TCO) evaluation and standard-
ized safety frameworks.

MRI Capacity in Regional Context

MRI availability is commonly assessed using the number of MRI units per million popu-
lation, an internationally recognized indicator of diagnostic imaging capacity. OECD
data demonstrate substantial variation in MRI density across countries, ranging from
more than 50 units per million population in Japan and over 30 units per million popu-
lation in South Korea to considerably lower levels in many middle-income healthcare
systems [13].

Although comprehensive national MRI inventory data are not currently available in
Vietnam, the marked increase in MRI imports observed during 2023-2025 suggests
ongoing expansion of national imaging capacity. Nevertheless, the concentration of
newly installed systems in selected regions indicates that equitable access to advanced
diagnostic imaging may remain an important challenge.
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From a health technology assessment perspective, monitoring MRI density and geo-
graphic distribution is essential for optimizing healthcare resource allocation, reducing
regional disparities, and supporting evidence-based planning of future imaging infra-
structure. The findings of the present study provide an important foundation for future
national assessments of MRI capacity and technology diffusion in Vietnam [8,13].

Future studies should estimate MRI units per million population and compare Vietnam
with other ASEAN countries to support evidence-based health planning. Such compara-
tive analyses would establish regional benchmarks, highlight disparities in diagnostic
imaging capacity, and guide strategic investment priorities for Vietnam'’s healthcare
system.

Limitations

This study has several limitations. First, the analysis relied exclusively on official import
data from the Vietnam Customs database. While these records accurately capture the
entry of MRI equipment into the market, they do not reflect real-world clinical utili-
zation, patient throughput, or regional workforce capacity. Second, the dataset may
not account for secondary market transactions, refurbished systems, or informal pro-
curement channels. Classification was limited to field strength and manufacturer, with
no information on coil configurations, software versions, or advanced imaging capa-
bilities. Third, the study focused only on imports between 2023 and 2025, offering a
short-term perspective on market dynamics; longer observation periods are needed to
assess sustained trends. Finally, although descriptive and chi-square analyses provide
useful insights into distribution patterns, more advanced econometric or longitudinal
approaches would strengthen understanding of the causal drivers of MRI adoption in
Vietnam and across ASEAN.

Conclusion

Vietnam’s diagnostic imaging capacity (2023-2025) reflects rapid infrastructure expan-
sion, marked by a strong shift toward 3.0T systems, significant private sector invest-
ment, and geographic concentration in the North. These dynamics highlight both op-
portunities and challenges for equitable access, sustainable financing, and workforce
readiness. The trajectory toward higher field technologies underscores the need for
strategic imaging investment, coordinated health system planning, and regional col-
laboration across ASEAN to ensure balanced distribution and long term healthcare
equity.
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