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Figure 2. Conventional CT of the whole abdomen. (A) shows a non-contrast axial image
of the pelvic cavity, and (B) depicts the post-contrast study, revealing an irregular, hete-
rogeneous, enhancing complex solid-cystic mass. The mass involves the bilateral distal
ureters (C), resulting in right hydronephrosis and mild left hydronephrosis (D). Another
heterogeneous enhancing mass is noted along the right pelvic side wall (E).
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The patient underwent pelvic MRI for further evaluation of the mass (Figure 3). MRI
demonstrated the same complex solid-cystic mass previously seen on ultrasound and
CT in the pelvic cavity, with dark signal intensity of the solid component on T2-weighted
(T2W) images, and areas of susceptibility artifact (arrows in Figures 3A and 3B). Por-
tions of the solid component showed high signal intensity on T1 fat-saturation (T1FS)
image (arrow in Figure 3C). Peripheral blooming susceptibility artifact was observed on
T2 gradient echo (GRE) sequence. Post-contrast subtraction images revealed enhance-
ment of the posterior solid component (asterisk in Figure 3D); however, there was no
evidence of restricted diffusion (arrows in Figures 3E and 3F).

Consistent with the prior CT findings, the heterogeneous enhancing mass in the right
external iliac region demonstrated low signal intensity on the T2W image (arrows in
Figure 3G), with areas of high signal intensity on the T1FS image representing hemor-
rhagic component (asterisk in Figure 3H). The lesion showed minimal enhancement on
the post-contrast T1FS subtraction image (Figure 3l). The coronal T2W image demon-
strated involvement of the right distal ureter, with associated right distal hydroureter
(Figure 3J).
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Figure 3. A 1.5 Tesla MRI scan of the pelvic cavity revealed a complex solid-cystic mass
with dark signal intensity (SI) on T2-weighted imaging (T2WI) of the solid component (A).
Signal voids were observed within portions of the solid component on the gradient-echo
(GRE) image (arrow in (B)). The T1-weighted fat saturation (T1FS) image demonstrated
areas of hyperintense signal within the mass. A focal enhancing solid component was
(dentified on post-contrast images (asterisk in (D)), however, there was no evidence of
restricted diffusion on diffusion-weighted imaging (DWI, b=800) (E) or on the apparent
diffusion coefficient (ADC) map (F). An additional irreqgular, spiculated, heterogeneous
lesion demonstrated intermediate-to-low SI on the T2W image (G) and intermediate S/
on the TTFS image, with foci of high signal intensity on the TTFS image suggestive of
hemorrhagic components (asterisk in (H)). This lesion showed minimal enhancement on
the post-contrast TTFS subtraction image (1), with evidence of right distal ureter involve-
ment on the coronal T2W image (J).
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Further evaluation by a urologist included cystourethroscopy for double-J stent place-
ment, which revealed a well-defined endoluminal filling defect within the right distal
ureter, measuring approximately 2-3 ¢cm in length and located about 3 cm from the
right ureteral orifice (Figure 4). Partial laser resection of the mass was performed, and
histopathological examination confirmed the diagnosis of endometriosis (Figures 5
and, 6).
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Figure 4. Retrograde pyelography shows an intraluminal filling defect within the right
distal ureter.

The tissue biopsy obtained from the right ureter showed a small polypoid lesion with
denuded surface epithelium and small hemorrhagic foci. The structure consisted of
tubular-shaped glands lined by columnar epithelial cells and stroma resembling endo-
metrium tissue (Figure 5). The diagnosis of ureteric endometriosis was confirmed by
immunohistochemical staining for CK7, CK20, PAX-8, CD10, ER, and PR (Figure 6).
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Figure 5. The histopathological examination (A and B) reveals a polypoid tissue with
a denuded surface and scattered hemorrhage. The lesion is composed of endometrial
glands and stroma, along with hyalinized blood vessels. The specimen does not contain
a muscle layer (Hematoxylin and eosin stain; x100 and x200).
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Figure 6. Immunohistochemistry reveals that CK7 (A) and PAX-8 (B) highlight the endo-
metrial glands. CD10 exhibits cytoplasmic staining specifically in the stromal cells (C).
The estrogen receptor (ER) (D) and progesterone receptor (PR) (E) are positive in both the
endometrial glands and stroma. CK20 shows negative staining (F).
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The patient was diagnosed with ureteral endometriosis with an associated endome-
trioma and was treated with a gonadotropin-releasing hormone (GnRH) agonist. A
baseline MRI of the pelvic cavity was performed before treatment. A follow-up MRI
after hormonal therapy revealed a reduction in the size of the complex solid-cystic
mass within the pelvic cavity (Figure 7).

Figure 7. 1.5 Tesla MRI scan of the pelvic cavity. Before treatment with GnRH (A), a com-
plex pelvic mass was observed. After treatment, there was, an interval decrease in size,
with a residual enhancing solid component in the left pelvic cavity on the post-contrast
subtraction image (B). There is no evidence of restricted diffusion (DWI B=800) within the
enhancing solid nodule (C).
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Discussion

This case illustrates a heterogeneous mass involving the right distal ureter and a com-
plex solid-cystic mass in the left adnexa. The lesion caused architectural distortion and
an irregular intraluminal filling defect of the right distal ureter on retrograde pyelog-
raphy, along with an irregular mass observed on conventional CT and MRI imaging.
Evidence of ureteral obstruction, including hydronephrosis and hydroureter, was also
noted on the CT study. These imaging findings are more likely to be misinterpreted as
urothelial neoplasia.

Pathological examination of a surgical biopsy from the intraluminal filling defect
revealed endometriosis. Ureteral endometriosis is relatively uncommon, accounting
for approximately 1% of all endometriosis cases [1]. It can be divided into extrinsic and
intrinsic ureteral endometriosis based on the depth of ureteral wall infiltration. Extrinsic
ureteral endometriosis, the more common form, involves invasion of the adventitia or
periureteral tissues, whereas intrinsic ureteral endometriosis is confined to the muscu-
laris and/or mucosa of the ureter wall [4].

Retrospective evaluation of the pyelography of this case suggested intrinsic ureteral
endometriosis, as indicated by the presence of an irregular mucosal lesion in the right
distal ureter. However, this finding may have been influenced by inadequate tissue
sampling, as pathological analysis did not show evidence of muscular involvement [4].

Regarding the complex solid-cystic mass in the left pelvic cavity, it appeared as a
large cystic lesion with focal hyperintensity on T1W images and hypointensity on T2W
images, consistent with the T2 shading sign. These imaging features are characteristic
of an endometrioma, suggesting ovarian endometriosis. In addition, these findings
raise the possibility of deep endometriosis involving the surrounding pelvic structures

[5].

Additionally, the areas of enhancement observed on imaging may be attributable to
inflammation, fibrosis, granulation tissue, or fiboromuscular hyperplasia surrounding
ectopic endometrial glands. In this case, the likelihood of malignancy is lower because
the enhancing lesion does not demonstrate restricted diffusion [1,2].

For this case, because biopsy confirmed endometriosis and the follow-up MRI after

gonadotropin-releasing hormone (GnRH) agonist therapy showed a reduction in the
size of the suspicious mass, endometriosis is the most likely diagnosis. According to an
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article by Aki et al., the response of endometriosis to hormonal therapy, such as GnRH
agonists, is not uniform. A good response is generally observed in cases of endometri-
osis that do not exhibit T2 shading [6]. As observed in this case, portions of the lesion
demonstrating T2 shading remained visible on post-treatment imaging, whereas other
components showed a decrease in size.

However, follow-up MRI still revealed some solid components, and although no defi-
nite restricted diffusion was observed on DWI images, ongoing clinical and imaging
surveillance is recommended to monitor for potential malignant transformation [1,2].
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Abstract

Bulky, mass-like leptomeningeal metastasis is rare. In radiology and surgery, it mimics
an extra-axial mass and can be mistaken for meningioma. When reported pathologically
as metastasis, it can be mistaken for parenchymal brain tumors, potentially delaying
appropriate CSF-directed therapy. We report a unique case in which leptomeningeal
disease presented as an extra-axial lesion embedded in the cortex with a comedo-like
protruding surface. Recognizing this imaging and intraoperative appearance may be
important, as differentiating leptomeningeal from parenchymal metastases could alter
prognosis and help guide treatment decisions, including consideration of CSF-directed
treatments, such as intrathecal chemotherapy or craniospinal irradiation, rather than
relying on focal radiosurgery alone. Although anecdotal, this report underscores the
need for heightened diagnostic awareness and warrants the need for further study to
determine whether this feature reliably indicates leptomeningeal disease and mean-
ingfully influences patient management.

Keywords: Comedo-like morphology, Differential diagnosis, Extra-axial mass, Leptome-
ningeal metastasis, Mimics.
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Introduction

When evaluating an intracranial mass on MRI, the first step is to distinguish intra-axial
from extra-axial location. Definitive findings of an extra-axial lesion are a cerebrospinal
fluid cleft separating the lesion from the brain, interposed cortical vessels, preservation
of the cortex between the mass and white matter edema and an intact dura between
a potential epidural mass and the parenchyma. Suggestive findings include a broad-
based peripheral attachment along the calvarium, focal bone remodeling or sclerosis
of the adjacent skull, enhancement of the overlying meninges and displacement of
brain away from the inner table without true infiltration [1]. Once an extra-axial location
is established, the differential diagnosis narrows to dural-based entities such as menin-
gioma or solitary fibrous tumor, and, in rare cases, to dural metastasis even in patients
without a known primary malignancy.

Leptomeningeal metastasis classically appears as diffuse linear or nodular leptome-
ningeal enhancement along the sulci, cranial nerves and cisterns. While “linear” and
“nodular leptomeningeal enhancement” are well-established descriptors, there is no
widely used term for a discrete, bulky leptomeningeal mass [2]. However, in this case
we observed a comedo-like appearance, in which the lesion demonstrated definitive
extra-axial radiologic features, yet was largely embedded within the brain parenchyma
with only a small portion of the tumor surface protruding into the subarachnoid space.
This pattern may represent a focal, bulky leptomeningeal deposit.

Case summary

A 49-year-old male presented with right hemiparesis for two days. His past medical
history was unremarkable, with no known primary malignancy at presentation. Neuro-
logic examination revealed grade Il right hemiparesis.

MRI Findings: The patient underwent contrast-enhanced brain MRI for evaluation of
these neurological symptoms. MRI revealed a well-circumscribed, heterogeneously
enhancing mass along the left parieto-occipital convexity. It appeared iso- to slightly
hypointense on T1WI and isointense on T2WI and FLAIR with iso-diffusion. A thin CSF
rim (CSF cleft sign) and preserved cortical interface suggested an extra-axial location.
Moderate surrounding white matter edema was observed. No significant bone involve-
ment was seen. The initial impression favored meningioma (including atypical menin-
gioma) or hemangiopericytoma, with metastasis considered unlikely due to extra-axial
location, solitary presentation, and absence of known systemic malignancy. (Figure 1
and 2)
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Figure 1. MRI shows a well-defined heterogeneous enhancing mass over the left parieto-
occipital convexity with associated perilesional white matter edema. (A) Axial TTWI, (B)
T2WI, (C) FLAIR, (D) DWI, (E) ADC and (F) post-contrast TTWI show a heterogeneous
lesion with mixed hypo- to isointense signal on TTIWI and heterogeneous isointense
signal on T2WI and FLAIR. The lesion demonstrates isodiffusion on DWI and ADC. Mild,
heterogeneous solid enhancement is seen post-contrast TTWI.
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Figure 2. MRI shows a close-up view of the mass. (A) Axial T2WI, (B) Coronal T2WI, (C)
Coronal TTWI+Gd show the CSF-cleft sign (white arrowhead in A and B), intervening ves-
sels (black arrowhead in A and C), an intervening cortex between mass and white matter
(black arrow in A) and white matter buckling sign (white arrow in A). The dashed line in
(B) represents the portion of the tumor surface protruding outward.

Intraoperative Findings: The tumor appeared firm, well-defined, and embedded within
the brain parenchyma. A small part of the mass was visible at the surface. It was easily
dissected with a preserved plane from the brain, except for minor focal adherence
to the brain parenchyma. No true dural attachment was identified. The characteristic
“comedo-like” term, as used here, refers to the lesion’s imaging and intraoperative
morphology: a sharply demarcated mass embedded in the brain surface, partially pro-
truding from the cortical surface, with minimal cortical brain invasion, resembling a
comedo or blackhead embedded beneath the skin with a visible surface component
(Figure 3).
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Figure 3. Intraoperative photo (A) and gross specimens (B) show a lobulated-surface
mass subtly emerging from the brain surface (arrowhead), with the majority of the mass
embedded within the brain, consistent with the "comedo-like” description.

Pathologic Findings: Histological examination demonstrated a well-circumscribed
lesion with a pushing border, composed of atypical glandular, papillary, and micro-
papillary architectural patterns. Scattered foci of necrosis were also observed. Tumor
cells were identified within the leptomeninges and lymphovascular spaces, with only
minimal involvement of the adjacent brain parenchyma. Immunohistochemical stain-
ing was positive for TTF-1 and Napsin A, consistent with metastatic pulmonary adeno-
carcinoma. (Figure 4 and 5)

Figure 4. Histologic section (magnification = 4X and scale bar = 200 um) demonstrates a
well-circumscribed tumor centered within the leptomeningeal space, composed of atypical
glandular, papillary, and micropapillary structures with focal necrosis. These features are
consistent with leptomeningeal metastatic adenocarcinoma.
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Figure 5. Histologic sections at (A) 4x magnification (200 um scale bar) and (B) 10x
magnification (100 um scale bar) demonstrate tumor involvement of the leptomeninges,
with infiltration into lymphovascular channels (LVI) and focal extension into the adjacent
brain parenchyma (arrowhead). These findings support a leptomeningeal origin with
secondary parenchymal invasion.

-

Discussion

In radiologic practice, classifying an intracranial mass as extra-axial typically directs
attention toward dural-based pathology, particularly meningiomas and solitary fibrous
tumors [3,4]. However, this focus can be overly restrictive and may lead to under-
recognition of lesions arising from the pia and arachnoid mater, which together
form the leptomeninges. This limitation is particularly relevant when leptomeningeal
metastases present as focal, mass-like lesions, rather than in the more common diffuse
pattern [2,5,6].

In the present case, the mass was correctly localized radiologically and surgically as
extra-axial but was initially presumed to be dural-based, and the histopathologic diag-
nosis of metastasis was initially interpreted clinically as parenchymal “brain” metastasis.
Only after pathologic re-evaluation, prompted by the imaging appearance and intra-
operative impression, was the lesion recognized as leptomeningeal metastasis. This
case underscores that the term “extra-axial” encompasses not only dural lesions but
also leptomeningeal pathology and highlights the importance of distinguishing these
compartments when evaluating superficially embedded, well-marginated intracranial
masses.
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Recognizing leptomeningeal spread rather than parenchymal disease has direct impli-
cations for management and prognosis [7]. A solitary bulky parenchymal metastasis is
often managed with surgical resection followed by stereotactic radiosurgery or focal
radiotherapy|[8]. In contrast leptomeningeal disease calls for cerebrospinal fluid-directed
therapies such as intrathecal chemotherapy or high-dose systemic chemotherapy and
often craniospinal irradiation. Even when a focal mass is amenable to radiosurgery it
must be combined with CSF-directed treatment given the risk of diffuse multifocal
recurrence [7].

We propose the term “comedo-like” to describe the lesion’s distinctive imaging and
surgical morphology, which we believe may represent a reproducible and recognizable
pattern that raises suspicion for leptomeningeal origin. On MRI, the mass appeared
as a smoothly marginated, contrast-enhancing lesion subtly protruding beyond the
cortical margin, suggesting a subarachnoid or leptomeningeal source. This configura-
tion resembles a comedo, in which a subepidermal lesion becomes externally visible
through a small surface breach, in this case, the cerebral cortex. Although observed
in a single case, this pattern may offer a useful visual clue when considering atypical
pathology in superficially embedded lesions, thereby guiding more accurate diagnosis
and oncologic management. Further studies are warranted to determine whether this
imaging feature can help differentiate leptomeningeal metastases from more common
benign extra-axial tumors.

In conclusion, we report a rare case of leptomeningeal metastasis presenting as a
circumscribed, extra-axial mass with a “comedo-like” configuration on preoperative
MRI and intraoperative assessment. This distinctive presentation challenges conven-
tional diagnostic assumptions and emphasizes the need for radiologists and patholo-
gists to consider leptomeningeal metastasis in the differential diagnosis of superficially
embedded, well-marginated intracranial masses. While anecdotal, the “comedo-like”
appearance may serve as a helpful radiologic feature worthy of further study. Increased
awareness of this imaging pattern may facilitate earlier diagnosis and appropriate
oncologic intervention.
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Abstract

OHVIRA syndrome (Obstructed Hemivagina and lIpsilateral Renal Agenesis) is a rare
congenital Mullerian duct anomaly characterized by uterine duplication, obstructed
hemivagina, and ipsilateral renal agenesis. Early recognition is essential to prevent
long-term complications such as endometriosis and infertility. We report the case
of an 11-year-old girl who presented with acute lower abdominal pain for one day
without fever. Physical examination revealed a 10-cm vaginal mass. Transabdominal
ultrasonography demonstrated a cystic mass in the mid-pelvic cavity. Contrast-
enhanced computed tomography confirmed uterine didelphys with marked distension
of the right hemivagina and absence of the right kidney. Surgical exploration revealed
a bulging right hemivagina with approximately 400 mL of retained brownish fluid, and
vaginal septum excision was performed. The postoperative course was uneventful. This
case highlights the importance of multimodality imaging in the early diagnosis and
management of OHVIRA syndrome.

Keywords: Computed tomography, Obstructed hemivagina, OHVIRA syndrome, Renal
agenesis, Ultrasound.
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Introduction

OHVIRA syndrome, also known as Herlyn—-Werner—-Wunderlich syndrome, is a rare
congenital Miillerian duct anomaly characterized by the triad of uterine didelphys,
obstructed hemivagina, and ipsilateral renal agenesis [1]. The estimated incidence of
Mullerian duct anomalies ranges from 0.1% to 3.8% in the general population [2].

The Millerian (paramesonephric) ducts normally develop into the fallopian tubes, uterus,
cervix, and upper vagina through a process of elongation, fusion, canalization, and
septal resorption. At 9 weeks of gestation, the ducts elongate and reach the urogenital
sinus. The uterovaginal canal is formed and inserted into the urogenital sinus at the
Muller tubercle [2].

The mesonephric (Wolffian) ducts play an important role in the development of the
urinary system and are closely related to the Mdllerian ducts during embryogenesis.
Disruption of this coordinated development may result in combined genital and
urinary tract anomalies. In OHVIRA syndrome, failure of Mullerian duct fusion leads to
uterine didelphys, while ipsilateral renal agenesis is attributed to abnormalities of the
mesonephric duct.

Patients typically present shortly after menarche with cyclic lower abdominal pain, dys-
menorrhea, and a tender vaginal mass. Other reported symptoms include recurrent
urinary tract infections, urinary retention, and vaginal discharge [3]. Delayed diagnosis
may lead to complications such as endometriosis, pelvic adhesions, and an increased
risk of infertility and other adverse reproductive outcomes [4].

Ultrasonography is usually the first-line imaging modality because it is readily avail-
able, cost-effective, and free of ionizing radiation. Magnetic resonance imaging is con-
sidered the reference standard because of its multiplanar capability and superior soft-
tissue characterization [5]. Early recognition is essential for timely surgical manage-
ment and prevention of long-term reproductive complications.

Herein, we report a classic case of OHVIRA syndrome in an 11-year-old girl presenting

with acute lower abdominal pain, emphasizing the role of multimodality imaging in
diagnosis and surgical management.
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Case summary

An 11-year-old girl presented with acute lower abdominal pain for one day. She denied
fever, abnormal uterine bleeding, or urinary symptoms. Physical examination revealed
a palpable lower abdominal mass and a 10-cm bulging vaginal mass. Transabdominal
ultrasonography demonstrated a well-defined hypoechoic cystic mass measuring
approximately 9.4 x 5.9 cm, located in the mid-pelvic cavity, with a suspected connec-
tion to the right uterine horn. The left uterine horn was separately identified in the left
pelvic cavity (Figure 1).

Figure 1. Transabdominal ultrasonography shows a well-defined hypoechoic cystic mass
(n the mid-pelvic cavity (A and C, black arrow) and the left uterine horn in the left pelvic
cavity (B and C, white arrow).
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Contrast-enhanced computed tomography of the lower abdomen confirmed uterine
didelphys. Hydrocolpos of the right hemivagina was seen, measuring 6.9 x 7.7 x 13.9
cm (AP x transverse x craniocaudal dimensions). It communicated with the right uterine
horn, which demonstrated hydrometra. The right kidney was not visualized, while the
left kidney appeared normal. The left hemivagina, left uterine horn, and bilateral ovaries
were unremarkable (Figure 2).

Figure 2. Axial (A, B) and coronal (C, D) contrast-enhanced CT images of the lower
abdomen demonstrate hydrocolpos of the right hemivagina (black arrow), communicating
with the endocervix (white dotted arrow) and extending into the right uterine horn, which
shows hydrometra (white arrow). The left uterine horn is unremarkable (arrowhead). The
right kidney (s not visualized (B).
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The patient underwent vaginoplasty with resection of the vaginal septum under general
anesthesia. Intraoperative findings revealed a bulging right vaginal canal, from which
approximately 400 mL of thick brownish fluid was drained. The vaginal septum was
incised to establish continuity of the vaginal canal. A partial vaginal septum, located
approximately 5 cm above the hymen, was subsequently excised to reconstruct a single
vaginal canal. The procedure was completed without complications, and the postoper-
ative course was uneventful.

Discussion

OHVIRA syndrome represents a rare spectrum of Millerian duct anomalies resulting
from abnormal development of the Millerian and mesonephric ducts. The condition
is classically characterized by uterine didelphys, obstructed hemivagina, and ipsilateral
renal agenesis [1,6]. The close embryologic relationship between the genital and
urinary systems explains why renal anomalies frequently coexist in affected patients.

Several classifications have been proposed based on the degree of vaginal obstruc-
tion and uterine communication. Our case corresponds to Type 1.1 [7], defined as a
completely obstructed hemivagina with a blind hemivaginal pouch. This subtype typi-
cally presents at an earlier age, often shortly after menarche due to the progressive
accumulation of menstrual blood, leading to hematocolpos and hematometra. Early
recognition is particularly important in Type 1.1 cases, as prolonged obstruction may
predispose patients to endometriosis, pyosalpinx, and even pyocolpos [7,8].

Ultrasonography is usually the first-line imaging modality because it is readily avail-
able and free of ionizing radiation [5]. In this patient, transabdominal ultrasonography
demonstrated a large midline cystic pelvic mass with a separately identified uterine
horn, raising suspicion for a Mullerian duct anomaly. Although magnetic resonance
imaging is considered the reference standard for evaluating complex Mllerian anom-
alies due to its multiplanar capability and superior soft-tissue characterization [5], con-
trast-enhanced CT was performed due to the patient’s acute presentation and institu-
tional availability. CT adequately delineated uterine duplication, marked distension of
the right hemivagina containing slightly hyperattenuating fluid suggestive of retained
old blood products, and absence of the right kidney. These findings were essential for
confirming the diagnosis and guiding surgical planning.
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Definitive management consists of surgical resection of the obstructing vaginal septum
to restore normal outflow and prevent long-term complications [9]. In our case, surgi-
cal findings correlated well with imaging, revealing a markedly distended right vaginal
canal containing retained old blood. Septum excision successfully established a single
vaginal canal, and the postoperative course was uneventful.

This case underscores the pivotal role of multimodality imaging in the diagnosis of
OHVIRA syndrome and highlights the importance of early detection, particularly in
completely obstructed subtypes, to prevent reproductive sequelae.

This report provides additional educational value by demonstrating the diagnostic role
of CT in emergency settings and highlighting precise imaging-surgical correlation in a
classic OHVIRA subtype.

Conclusion

This case demonstrates the characteristic imaging findings of OHVIRA syndrome and
emphasizes the importance of considering this diagnosis in adolescent females present-
ing with pelvic pain and a cystic pelvic mass, particularly in the presence of ipsilateral
renal agenesis. Multimodality imaging plays a pivotal role in accurate diagnosis.
Although magnetic resonance imaging remains the reference standard, contrast-
enhanced CT can provide sufficient anatomic detail in acute settings to confirm the
diagnosis and guide surgical management. Early recognition is essential to prevent
long-term reproductive complications.
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Introduction

The disease-prevention model identifies early pre-clinical disease and subgroups at
risk of developing symptoms and signs of abnormal structure and function. This model,
integrating genetic, environmental, social, and other information with predictive
biomarkers (biomolecular or imaging), helps monitor disease development and
progression, the structural and functional integrity of organ systems, and the impact
of preventive and therapeutic interventions. Medical imaging provides standardised,
protocol-based, non-invasive, and relatively painless objective measurements that
guide therapeutic pathways through integration with quantitative imaging and volu-
metric assessments. Ultrasound imaging techniques with better visualisation of struc-
tures, faster turnaround times, predictive and prognostic algorithms, and improved
access and affordability through portable and point-of-care applications are currently
available. These ultrasound advancements can be leveraged for ultrasound-based
screening and early detection of abnormalities in the preclinical stages before the
presentation with late-stage disease.
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The epidemiological transition level (ETL) provides the ratio of the disability-adjusted
life years for communicable and non-communicable diseases (NCDs). A decreasing ETL
ratio indicates an increasing relative magnitude of NCDs. India had an ETL of 1.56 in
1990, which decreased to 0.50 in 2016, with all states in India reporting an ETL < 1.0 in
2016 [1]. Several studies from India have reported the large prevalence of NCDs in India
including 11-4% for diabetes, 15-:3% for prediabetes, 35-5% for hypertension, 28-6%
for generalised obesity, 39-5% for abdominal obesity, and a 32.0% prevalence of ultra-
sound-detected non-alcoholic fatty liver disease (NAFLD) in urban India in 2009 and
30-7% in rural India in 2016 [2-9]. The high prevalence of NCDs translates to a large
population at high risk for complications of NCDs and end-organ damage in India
unless they are detected early and managed appropriately through the course of NCDs.

Preventive Radiology Program in India

The Indian Radiological and Imaging Association (IRIA) started a preventive radiology
initiative in 2021, positioning radiologists as an important first line for preventive and
risk prediction services. This initiative promotes preventive and integrated radiology
as a career path for radiologists, apart from the existing clinical and interventional
radiology paths. The program uses imaging-based biomarkers for the early identifica-
tion of NCDs, including metabolic disorders, to assess endothelial dysfunction, identify
imaging-based criteria to guide therapeutic interventions, and monitor the progress
of diseases and the impact of interventions on the structural and functional integrity
of target end-organ systems. The preventive radiology program works towards these
goals by establishing dedicated integrated radiology imaging diagnostics clinics with
ultrasound imaging as the fulcrum for screening. Ultrasound was chosen as the primary
imaging modality due to its availability, accessibility, affordability, and ability to scale
up services, compared to CT or MRl imaging, and specialised biochemical or molecular
tests. Ultrasound has a more rapid report turnaround time, provides objective visual
reporting of structural and functional abnormalities, is non-invasive and relatively pain-
less, and has availability, affordability and accessibility advantages compared to spe-
cialised biochemical or molecular testing, especially in rural, remote and low-resource
areas.

Volume XXVII Number Il May-August 2026 2 01



THE ASEAN JOURNAL OF RADIOLOGY Choorakuttil R.M., et al.
ISSN 2672-9393 ASEAN J Radiol 2026 27(2) : 200-209

Conceptual Structure of the Program

Several core areas in the ultrasonography curriculum and service provision must
be strengthened to transition effectively to preventive radiology. Most radiologists
currently offer imaging services based on demand from referring physicians. A shift
towards proactive imaging based on clinical history, risk factors, and towards early
detection is essential to provide preventive services. Additionally, continuous technical
skill upgradation to improve the interpretative ability and the application of imaging
biomarkers for screening and early identification of NCDs, expanding the reach of the
program through regular offline and online learning initiatives, improving the local
evidence base on imaging biomarkers, developing policy guidelines to improve synergy
with other multidisciplinary stakeholders, and identifying NCD priorities based on the
specific country profiles are needed.

The preventive radiology initiative in India initially focuses on metabolic syndromes,
atherosclerotic cardiac diseases and strokes, cancers, and endothelial dysfunction.
Each identified disease priority has an academic and training national lead, a trainer of
trainers’ pool at the national and state levels, and a team of multi-institutional experts
who lead research appropriate for the condition and population needs. Generating
local evidence on the various measurement parameters that underpin the screening
algorithms used for the assessment optimisation of clinical protocols is a priority. The
various aspects of the preventive radiology initiative are presented in Table 1.
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Table 1. The various aspects of the Preventive Radiology Program.

The various aspects of the Preventive Radiology Program

1. Creation of subcommittees and working groups to
a. Organize continuous medical education programs, workshops and hands-on training,
b. Develop a pool of trainer-of-trainers,
c. Provide competency-based training for radiologists in the state,
d. Provide competency-based training for radiology postgraduate residents at teaching
hospitals,
e. Provide training to start preventive radiology outpatient units,
f. Generate local data on the use and integration of imaging biomarkers.
g. Generate local evidence to inform algorithms,
h. Develop local multidisciplinary research teams for non-communicable and chronic diseases.

2. ldentification and evaluation of imaging biomarkers- organ, system, and disease-specific.

w

Evidence-based integration of imaging biomarkers with clinical and biochemical algorithms
and establishment of evidence-based protocols for image-guided interventions and biopsies.

Integrate healthy aging, wellness and image-based screening for biomarkers.
Develop NCD-specific guidelines and algorithms.

Develop image-based biobanks.

N o A

Develop specific pragmatic applications for preventive radiology at the primary, secondary, and
tertiary care levels.

8. Integrate with the appropriate National Digital Health Mission and health programs at the
governmental level.

9. Integrate Al and deep-learning algorithms.
10. Develop a technology entrepreneurship program.

11. Health Education and Awareness: optimising the use of digital media.
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Early Results from India

The preventive radiology initiative has published the standardised techniques for
ultrasound shear wave elastography of the liver, the first published normative distribu-
tion of liver stiffness measurements in this population, and liver stiffness-based preva-
lence of non-alcoholic fatty liver disease in India [10-12]. Nineteen hands-on training
workshops focused on US-SWE liver imaging (60 participants per workshop), and 218
webinars (mean 162+ 18 participants per webinar) on liver, cancer, stroke, breast can-
cer, musculoskeletal and neurological conditions have been conducted since 2021 to
upskill radiologists in preventive radiology practices using ultrasonography. The risk
stratification and predictive capabilities of fetal Doppler and trimester-specific ultra-
sound-based protocols focused on preterm preeclampsia (PE), fetal growth restriction
(FGR) and comprehensive pregnancy assessments were integrated with antenatal care
to address perinatal mortality (PMR) in India, which led to a substantive reduction in the
magnitude of PE, FGR and PMR in India, as reported in published studies [13-18]. The
preventive radiology initiative has collaborated with the state government of Kerala,
local non-governmental organisations, and healthcare stakeholders to develop a com-
prehensive cancer screening program integrating medical imaging for early identifica-
tion of pre-cancerous lesions.

A dedicated preventive radiology clinic, established a year ago within an integrated
diagnostics radiology centre, at Kochi in the southern Indian state of Kerala, offers
walk-in services for persons seeking screening for early signs of NCDs and lifestyle
diseases. The clinic has so far screened 1,181 persons with a mean age of 44.33 *
10.03 years (range 29 to 62 years). Most of the screened population were females
(69.44%), 41.47% had a body mass index (BMI) >25 to 30 kg/m2, 31.79% had a BMI
>30 kg/m2, 26.20% had hypertension, and 32.23% had diabetes mellitus. Liver stiffness
measurements (LSM) using ultrasound shear wave elastography were between 7 to 9
kPa in 22.79%, and 14.29% had LSM >9 kPa. Screen positive persons (for LSM abnor-
malities) were recommended dietary and lifestyle changes and triaged for referral to
a multidisciplinary hepatology unit for further care. These early results in this opportu-
nistic screening highlight the potential for preventive lifestyle interventions, especially
concerning metabolic dysfunction-associated steatotic liver disease (MASLD) in nearly
one-fourth of the screened population. These are early interim results focused on the
liver and obesity from this OPD, and the OPD is currently expanding to include other
NCDs in the screening and early detection of structural and functional abnormalities.
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Preventive Radiology for the ASEAN Region

The ASEAN region shares several characteristics with the South Asian region in the
context of healthcare priorities, including an epidemiological transition with increasing
NCD prevalence, and a declining yet persistent prevalence of communicable diseases,
perinatal mortality, and undernutrition [19,20]. Nearly two-thirds of all deaths in
the ASEAN region were attributable to NCDs in 2021, and over half of these deaths
occurred in persons aged 30-69 years [19.20]. Cardiovascular diseases, cancers, diabetes
and chronic respiratory diseases were the major contributors to the NCD magnitude
in the ASEAN region [19,20]. Metabolic risk factors such as raised blood pressure, high
body mass index or waist-to-hip ratio, high blood sugar levels and abnormal serum
lipid concentrations are common in the ASEAN region [19]. Similar to South Asia,
urbanization, industrialization, demographic transition to an aging population,
increased life expectancy, dietary changes and sedentary lifestyles contribute to the
increasing prevalence of NCDs in the ASEAN region [19]. Governments in the ASEAN
region have initiated several programs based on global and regional action plans and
WHO action plans, to address the growing magnitude of NCDs in the ASEAN region.
However, similar to South Asia, progress towards meeting acceptable targets has been
slow.

The preventive radiology program has the potential to scale up early identification of
NCDs in the ASEAN region, incorporating early interventions, including lifestyle and
therapeutic interventions to reduce progression to late-stage disease and complica-
tions. Ultrasound is widely available and can be developed as a first-line screening tool
in the ASEAN region. The screening potential of CT and MRI can be optimized in re-
gions where these are widely available, affordable and accessible in the region, howev-
er, there is a wide disparity in the availability of these services, similar to South Asia. The
early results from the preventive radiology model in India suggest that a similar model
may be considered in the ASEAN region to complement and supplement existing
healthcare systems in the region. However, the model must adapt to consider local
contexts, healthcare needs, available infrastructure and resources, including trained
personnel and training programs.
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Conclusion

Radiologists focused on ultrasound practice can develop dedicated clinics focused on
early identification, risk stratification, individualised prediction and prognostic paths
that bridge the gap between primary and tertiary care. Early identification through
these clinics can reduce the absolute number of cases identified at late stages, and
baseline objective measurements are useful to assess interventional impact and prog-
ress. This approach will be useful in initiating care pathways earlier in rural areas that
do not have access to specialised biochemistry or molecular labs, and can minimise
issues with the storage and transport of samples. The radiology curriculum must be
revised to include these preventive possibilities to offer newer career pathways for
radiologists as an integral part of the healthcare system. Operator skill dependency
is a limitation with ultrasound (as it is for laboratory tests) that is offset to a certain
degree with the newer machines, techniques like elastography that provide operator
and vendor-neutral results, and Al-integrated algorithms. Radiology can develop as
the proactive fulcrum around which more effective integrated service delivery systems
are developed for preventive and follow-up care in rural areas, which remain a chal-
lenge in the healthcare system.
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Abstract

Acute paediatric neurological diseases are common conditions that can result in sig-
nificant morbidity and mortality, particularly if a timely diagnosis is not made. Unfor-
tunately, clinical presentations can be non-specific, with seizures and headaches being
the most frequent complaints. It is therefore important for radiologists to be familiar
with these conditions and their respective imaging features to allow prompt diagnosis
and management.

The aim of this article is to briefly review the clinical presentation and imaging features
across six common categories: intracranial haemorrhage, toxin-related injury, infec-
tions, autoimmune disorders, stroke, and seizures.

Keywords: Acute toxic leucoencephalopathy, ADEM, Neonatal CNS infection, Neurora-
diologist, Paediatric, Paediatric stroke, PRES.

Background

In a multi-institutional study of 960,020 paediatric admissions across 11 states in the
US, 10.7% of admissions included a neurologic diagnosis [1]. Children admitted with
a neurologic diagnosis had a significantly longer median length of hospital stay, were
nearly three times more likely than other hospitalized children to require intensive care,
and had a threefold higher mortality rate [1].

2 1 O Volume XXVII Number Il May-August 2026



Tang V, et al. THE ASEAN JOURNAL OF RADIOLOGY
ASEAN J Radiol 2026 27(2) : 210-225 ISSN 2672-9393

Imaging Modality

Non-contrast head CT is the study of choice in patients with suspected acute intra-
cranial haemorrhage. It is also indicated for patients requiring rapid imaging due to
acute changes in neurologic status, particularly if brain MRI is not readily available. As
paediatric patients are more susceptible to the adverse effects of ionizing radiation
exposure than adults, CT protocols must be optimized for paediatric dosing following
the As Low As Reasonably Achievable (ALARA) principle. Contrast may be necessary
when infection is suspected.

MRI is sometimes handicapped by its long scan time and the need for anaesthesia for
younger children. However, it has higher sensitivity and specificity than CT and ultra-
sound for detecting many pathologies and hence remains a crucial tool in the diagnosis
and monitoring of many paediatric neurological diseases. The use of non-pharmaco-
logical methods including “feed and wrap” in infants or MRI video displays in children
should be employed whenever possible. Fast MRI protocols such as HASTE and SSFSE
allow rapid image acquisition, which can minimize or sometimes eliminate the need for
sedation. If sedation is deemed necessary, patients should be monitored closely by the
anaesthesia or paediatric care team.

Intracranial Haemorrhage

A range of injuries to the scalp, skull, or brain may be seen in term babies following
normal or assisted vaginal delivery. There are various maternal and fetal factors which
increase the risk of cranial trauma.

In birth-related head trauma, the most common cranial injuries are subdural haema-
toma (SDH), cephalohaematoma, subarachnoid haemorrhage, and intraparenchymal
haemorrhage [2] (Figure 1). Common locations of SDH include the tentorial, interhemi-
spheric, cerebral convexity, and parafalcine regions [2]. Vacuum- and forceps- assisted
delivery are by far the most common causes of birth-related head injuries [2] (Figure
2). Fractures caused by birth trauma are more frequently depressed than linear, and the
parietal and frontal bones are most often involved [3].

The dating of extra-axial haematomas based on CT attenuation must be interpreted
with caution. A study was conducted to analyse the first appearance of a hypodense
component within an SDH in 11 infants who had a history of abusive head injury.
Uniformly hyperdense SDH was seen on the initial CT scan. For each case, there is a
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range of times over which the hypodense component could have appeared, and these
ranged from a minimum of 0.3 days to a maximum of 16 days [4]. Multiple factors are
known to affect the neuroimaging appearances of SDH, such as the concentration of
red blood cells, the integrity of cell membranes, the protein content of the blood clot,
and the amount of cerebrospinal fluid within the collection.

Figure 1. Non-enhanced CT brain of a full-term infant born by caesarean delivery who
presented with seizure and apnoea. (a) There is evidence of subdural haematoma along
the tentorium, (b) epidural haematoma, and (c) a right parietal skull fracture.

Figure 2. Non-enhanced CT brain of a premature infant born at 32 weeks of gestation
born via forceps-assisted delivery. (a) Subdural haematoma is seen along the tentorium
(arrow), (b, ¢) demonstrate grade lll intraventricular haemorrhage and subarachnoid
haemorrhage (arrow), with marked cerebral oedema and sulcal effacement. (c) On the
bone window, there is a mildly depressed fracture involving the occipital bone (arrow).
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Toxin-Related Insults

There are multiple causes of neurotoxicity in children. These include intrinsic causes
which result from the build-up of toxic metabolites due to genetic or acquired
disorders, and metabolic abnormalities, as well as extrinsic causes such as medications,
toxins, and other insults (Table 1).

Early identification of imaging findings can facilitate early diagnosis and the institution
of appropriate treatment to reverse or limit injury to the developing brain.

Table 1. Intrinsic and external causes of neurotoxicity in children.

Intrinsic causes Extrinsic causes

Inborn errors of metabolism Chemotherapy and radiotherapy

Progressive organ failure causing toxic metabolites

to build up Medications, illicit drugs, and poisons

Two common imaging patterns of neurotoxicity of extrinsic nature are posterior reversible
encephalopathy syndrome (PRES) and acute toxic leukoencephalopathy [5].

The pathogenesis of PRES is not well understood but is generally believed to be
secondary to endothelial dysfunction due to exposure to exogenous toxins. Common
causes include medications, including chemotherapeutic agents and steroids, infec-
tions, and transplantation (including bone marrow, stem cell, and solid organ trans-
plantation). Common symptoms include headache, seizures, and encephalopathic
features. Typically, there is bilateral vasogenic oedema of the parieto-occipital lobes,
with sparing of the central white matter. Despite its name, frontal, temporal, and
cerebellar regions can also be involved (frontal involvement is demonstrated in Figure
3). Atypical imaging patterns include purely unilateral involvement, brainstem or basal
ganglia involvement without cortical white matter involvement (also known as central
PRES), and spinal cord involvement. Progression to infarction and haemorrhage can
also be seen. The various manifestations of PRES can sometimes make diagnosis chal-
lenging; therefore, correlation with clinical features as well as predisposing factors is
important. Supportive treatment and removal of the offending agent are required.
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T2W axial

Figure 3. Non-enhanced MRI brain of a 13-year-old patient on induction chemotherapy
for acute lymphoblastic leukaemia, presenting with seizures and labile hypertension [6].
(a) The T2 sequence shows bilateral symmetrical parenchymal abnormalities (arrows)
with DWI (b) and ADC sequences (c) showing vasogenic oedema. These findings are con-
sistent with PRES. An extra-ventricular drainage catheter was inserted for monitoring of
(ntracranial pressure (arrowhead).

Acute toxic leukoencephalopathy is a neurotoxic condition that predominantly damages
the white matter. It is most commonly secondary to medications, namely methotrexate
and other chemotherapeutic agents such as fluorouracil. Methotrexate use is the most
common cause among the paediatric oncological population, and the risk increas-
es with high-dose regimens and intrathecal administration. These patients typically
present 2-4 weeks after methotrexate administration. Sepsis and metabolic abnor-
malities such as uraemia are less common causes. Clinical presentations vary and can
range from a decreased level of consciousness to more severe manifestations including
hemiplegia and aphasia. On imaging, these typically manifest as restricted diffusion
in the unilateral or bilateral centrum semiovale, which crosses vascular territories. In
contrast, restricted diffusion is only present in 25% of PRES cases. Treatment with
aminophylline and leucovorin may aid in reversing the acute parenchymal changes.
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Infections

Neonatal infections of the brain are often non-specific. Early imaging, particularly MRI,
aids in early diagnosis, which can avoid devastating outcomes including neurodevel-
opmental delay.

Neonatal leptomeningitis occurs in 0.4% of births. The commonest pathogens are group
B streptococcus and Escherichia coli [7]. Imaging findings include enlargement of the
subarachnoid spaces, subdural effusions (Figure 4) as well as leptomeningeal thicken-
ing and enhancement (Figure 5). Parenchymal involvement could lead to cerebritis and
cerebral liquefaction. Inflammation of meninges can also affect the perivascular spaces,
leading to infarction. This occurs in approximately 10% of neonates with meningitis [8].
Other complications include cerebral abscesses and empyema formation.

Figure 4. USG brain of a 5-month-old infant presenting
with late-onset GBS meningitis. There is marked lep-
tomeningeal thickening (arrow) and bilateral subdural
effusions (arrowhead), causing mild mass effect on the
underlying brain.

Figure 5. Contrast-enhanced CT brain of a term infant
presenting on the day of birth with septic shock, respira-
tory failure, and leptomeningitis. There is marked cere-
bral oedema with effacement of the sulcal spaces, while
the lateral ventricles demonstrate increased ependymal
enhancement and mild dilatation. Increased leptomen-
ingeal enhancement is also noted (arrows).
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Viral encephalitis is commonly caused by herpes simplex virus (HSV) types 1 and 2,
cytomegavirus (CMV) and human herpesvirus-6 (HHV) HHV-6. Patients in the early
post-transplant period following haematopoietic stem cell transplantation are partic-
ularly at risk. Imaging features are non-specific, though abnormal T2 hyperintensities
involving both grey and white matter are often seen. Associated restricted diffusion
caused by cytotoxic oedema is also a common feature (Figure 6). Classic imaging pat-
terns associated with different viruses have also been described. In CMV infections,
there is periventricular white matter involvement with ependymal enhancement. In HSV
infections, the limbic system and periventricular white matter are often involved, and
the basal ganglia is typically spared. HHV-6 affects the limbic system, with involvement
of the hippocampus and amygdala. Of note, these classical findings are sometimes
absent due to the patients’ impaired immune response.

Figure 6. MR/ brain of a patient with acute myeloblastic leukaemia, following peripheral
blood stem cell transplantation [6]. There are abnormally high T2 signals in the bilateral
medial frontal lobes (a), anterior putamina (b, asterisks), caudate heads (b, arrowheads)
and insula (b, arrows). Findings may suggest, but not limited to, viral encephalitis.
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Among immunosuppressed patients, invasive fungal disease is a devastating compli-
cation with a high rate of mortality and morbidity. Unfortunately, clinical signs and
symptoms are often non-specific, posing difficulties for early diagnosis. More common
CNS-related symptoms include headache, seizures, and impaired vision. Radiological
findings are also often non-specific. CT is commonly the initial imaging modality as
it allows rapid assessment of potential complications including haemorrhage, hydro-
cephalus, and brain abscess. MRI, on the other hand, is more sensitive in the diagnosis
of meningitis (Figure 7), cerebritis, and ventriculitis.

4

Figure 7. Contrast-enhanced MRI brain of a 14-year-old boy with acute myeloblastic
leukaemia [6]. He had invasive fungal infection involving the right nasal cavity and
maxillary sinus. Contrast-enhanced MRI shows increased dural enhancement along the
right frontal anterior falx (arrow), suggestive of intracranial extension of infection.
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Autoimmune Disorders

Associations and risk factors for central nervous system (CNS) autoimmunity are hetero-
geneous. Genetic defects can lead to immune disorders, resulting in autoimmune and
lymphoproliferative diseases and immunodeficiency. Environmental factors, including
exposure to hormones, and vitamin D levels, also play important roles. Infection and
neoplasm are common triggers for first presentations and flare-ups. Autoimmune CNS
conditions can be divided into primary CNS diseases and systemic autoimmune condi-
tions with CNS involvement (Table 2).

Table 2. Examples of primary CNS conditions and systemic conditions with CNS involve-
ment.

Primary CNS conditions Systemic conditions

Multiple sclerosis SLE

Acute disseminated encephalomyelitis Sarcoidosis

Neuromyelitis optica spectrum disorder Behcet's

Autoimmune encephalitis Granulomatosis with polyangiitis
Primary vasculitis Scleroderma

Sjogren’s syndrome
Thrombotic microangiopathies
Aicardi Gouteire

Hemophagocytic lymphohistiocytosis

An example of a primary CNS autoimmune disorder is acute disseminated encepha-
lomyelitis (ADEM), which is a clinical diagnosis that describes an acute presentation of
polyfocal demyelination, accompanied by encephalopathy. It is usually a monophasic
disorder. Peak onset occurs between 5 and 8 years of age, and a history of recent in-
fection or vaccination is common. Commonly involved regions include the grey matter,
particularly the basal ganglia, subcortical white matter, thalami and brainstem (Figure
8). The spinal cord may also be involved to a lesser extent (Figure 9).
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Figure 8. Contrast-enhanced MRI brain of a 16-year-old patient with ADEM presenting
with acute-onset bilateral lower limb weakness, acute retention of urine, and a sensory
level at T4. On T2-weighted sequences, there are bilateral symmetrical T2 hyperin-
tense signals in the bilateral paraterminal gyri (a, b), extending to the mamillary bodies.
Post-contrast imaging shows mild leptomeningeal enhancement (c).

Figure 9. CMRI spine of the same patient as Figure 8. Extensive T2 hyperintense
signals are seen involving C4-7, T1-11 (a, b) with patchy enhancement on post-contrast
sequences (c).
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A less common example of primary CNS autoimmune disorder is steroid-respon-
sive encephalopathy associated with autoimmune thyroiditis (SREAT), also known as
Hashimoto's encephalopathy. This is a rare autoimmune encephalitis associated with
autoimmune thyroid disease. Imaging findings are non-specific. Reported MRI findings
include white matter T2W hyperintensity and dural enhancement (Figure 10).

Figure 10. Non-enhanced MRI brain of a 10-year-old patient with SREAT, who presented
with thyroid storm and sudden onset of confusion and aphasia, with a GCS of 9/15.
MRI FLAIR sequence shows T2 hyperintense and T1 hypointense signals in the splenium
of corpus callosum (a, ¢, arrow) and bilateral centrum semiovale (b, d arrow). Non-
enhanced MRI brain (e, f) FLAIR sequence of the same patient after 11 days of treatment
(methylprednisolone and plasma exchange) demonstrates resolution of previously noted
T2/FLAIR hyperintense signals.
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Stroke

Stroke is rare in the paediatric population, with an incidence of 2.3-13 per 100,000 chil-
dren. However, it is one of the commonest causes of childhood death [9]. Unlike the
adult population, paediatric stroke is evenly distributed between ischaemic and haem-
orrhagic subtypes. Risk factors also differ, with arteriopathies, congenital heart disease,
prothrombotic conditions, sickle cell disease, and vasculitis being common risk factors.
Ischaemic stroke is further divided into arterial ischaemic stroke and cerebral sinove-
nous thrombosis (Table 3). While acute ischaemic stroke presents as focal neurological
deficits, most patients with cerebral sinovenous thrombosis and haemorrhagic stroke
present with non-specific symptoms, including headache and seizures.

Table 3. Comparison between arterial ischaemic stroke and cerebral sinovenous throm-
bosis.

Arterial ischaemic stroke Cerebral sinovenous thrombosis

Focal deficit localising to an arterial distribution Non-specific symptoms: headache, papill-
edema, nausea, seizures

Arteriopathies (moyamoya vasculopathy, focal ce- Head and neck disorders, acute and chronic
rebral arteriopathy, or dissection), congenital heart systemic illnesses, prothrombotic states
disease, prothrombotic conditions, sickle cell disease,

systemic vasculitis

One example of arterial ischaemic stroke is focal cerebral arteriopathy of childhood,
which is associated with a high risk of recurrent ischaemic stroke. This condition is
believed to be inflammatory, classically caused by Varicella zoster infections, and
Herpes infections in some cases. MRI angiography can be used to visualise unilateral
stenosis of the distal internal carotid artery, and proximal middle and/or anterior cere-
bral arteries. Vessel wall imaging could reveal wall thickening and concentric enhance-
ment.

Intracranial venous thrombosis is associated with the use of L-asparaginase and high-
dose corticosteroids (Figure 11). Key imaging findings include hyperattenuated and
expanded veins on non-enhanced CT, filling defects and the “empty delta” sign on CT
venography, and infarcts that are not confined to an arterial territory. Haemorrhagic
infarcts can also be seen.
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Figure 11. Non-enhanced CT brain of a 6-year-old boy with acute lymphoblastic leukaemia
who had received L-asparaginase and high-dose corticosteroids. (a) Hypodensity invol-
ving the left frontal lobe with loss of grey-white differentiation, suggestive of a recent
infarct with an acute haematoma. (b) Hyperdensity within the superior sagittal sinus near
the vertex with extra-axial curvilinear hyperdensities, suggestive of venous thrombosis
and subdural haemorrhage.

Seizures

Seizures are transient occurrences of signs and/or symptoms due to abnormally
excessive or synchronous neuronal activity in the brain. Epilepsy refers to recurrent
and unprovoked seizures. These range from the benign and self-limiting simple febrile
seizures to life-threatening status epilepticus. The Centers for Disease Control and
Prevention estimate that approximately 0.6% of children younger than 17 years of age
suffer from epilepsy [10]. Status epilepticus is the commonest neurologic emergency
in children. Underlying causes include genetic factors and intracranial and systemic
abnormalities.
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Children with neurometabolic disease can present with seizures. For example, urea
cycle disorders are caused by a deficiency of enzymes that convert ammonia to urea.
Hyperammonaemia results in diffuse generalised oedema involving the cerebral cortex
and the subcortical white matter, which could be caused by increased levels of gluta-
mine resulting from the metabolism of ammonia. In addition, the basal ganglia may
show abnormal signal intensities, including T1 and T2 hyperintensities of the globus
pallidi and T2 hyperintensity of the putamina and caudate nuclei. This pattern of basal
ganglia involvement distinguishes urea cycle disorders from hypoxic-Ischemic encepha-
lopathy. While T1 and T2 findings are relatively non-specific, a scalloped ribbon pattern
of injury at the depth of sulci on diffusion-weighted imaging strongly supports the
diagnosis (Figure 12).

Figure 12. Non-enhanced MRI brain of a 2-year-old boy with hyperammonaemia,
presenting with seizures. (a) A T2 weighted sequence shows increased T2 signals in the
bilateral subcortical white matter. (b) DWI and (c) ADC images show wavy bands of
restricted diffusion at the cortical-subcortical junction of the insular regions (also known
as the deep sulcus sign).
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Conclusion

Acute paediatric neurological diseases can result in morbidity and mortality, yet they
commonly present with non-specific symptomes. In this article, we reviewed common
acute critical neurological diseases in the paediatric population. Imaging can help identify
specific entities when provided with a precise clinical history and unequivocal imaging
findings, such as the diagnosis of empyema in a patient with known meningitis. In
other cases, imaging can help localise abnormalities that correlate with specific clinical
findings, such as anatomical localisation in autoimmune diseases or acute ischaemic
stroke. Even when both clinical and radiological findings are inconclusive, imaging
features can often help narrow the list of differential diagnoses. Thus, imaging plays a
pivotal role in the accurate and timely diagnosis of critical neurological diseases.
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Introduction

Computed tomography (CT) is indispensable in contemporary diagnostic imaging,
enabling accurate assessment across emergency medicine, oncology, neurology, and
cardiovascular care [1,2]. In ASEAN countries, the distribution and technological level
of CT scanners represent key indicators of health system capacity [3-5]. Vietnam
has experienced substantial healthcare growth over the past decade, yet systematic
evidence describing CT procurement trends remains limited.

Materials and methods

This study utilized official national import data for CT scanners covering the period
from 2023 to 2025. Data included manufacturer, slice category, year of import, and
quantity. CT systems were grouped into four technology categories: low-end slice CT
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(<64 slices), Mid-end slice CT (128-160 slices), and High-end slice CT (256-640 slices),
and specialized CT systems.

Descriptive analysis was performed to examine trends and market structure. Statistical
analysis was performed using R software (version 4.3.2; R Foundation for Statistical
Computing, Vienna, Austria). Slice categories were treated as categorical variables and
summarized as frequencies and percentages by year and manufacturer. Differences
in the distribution of slice categories across years (2023-2025) manufacturer were
assessed using the chi-square test of independence.

Given the exploratory and market-oriented nature of the analysis, statistical signifi-
cance was defined at a two-sided p-value < 0.10. P-values between 0.05 and 0.10 were
interpreted as indicative of trends rather than definitive statistical differences. Exact
p-values are reported where appropriate.

Results

A total of 438 CT devices were included in the analysis, comprising 115 machines in
2023, 188 in 2024, and 171 in 2025. Across all years, the CT system with <64 slices
constituted the largest proportion (305/438; 69.6%), followed by Mid-end slice CT
(111/438; 25.3%) and High-end slice CT system (35/438; 8.0%). Advanced acquisition
techniques, including PCCT and Simulation CT, accounted for a smaller proportion of
the dataset (5/438; 1.1% and 22/438; 5.0%, respectively).

Comparative analysis using the chi-square test showed no statistically significant
difference in the overall distribution of slice categories across the three years (x°* =
13.08, df = 8, p = 0.109). Although the overall comparison did not reach the predefined
significance threshold, descriptive analysis revealed notable temporal patterns. Specifi-
cally, the number of CT systems with <64 slices increased substantially from 2023 to
2024, followed by a moderate decline in 2025, while medium- and high-end slice CT
demonstrated a gradual increase over time. In addition, PCCT and Simulation CT slices
were more frequently represented in 2025, suggesting an emerging trend toward the
adoption of advanced imaging techniques in the later study period.

Overall, while the categorical distribution remained relatively stable across years, these

findings indicate a temporal shift in data composition, characterized by increasing
diversity in slice categories and imaging modalities.

Volume XXVII Number Il May-August 2026 2 2 7



THE ASEAN JOURNAL OF RADIOLOGY
ISSN 2672-9393

Bui C.N,, et al.
ASEAN J Radiol 2026 27(2) : 226-233

2025.0

2025.5

2024.5

Bl <64 slices
175 4 ™= 128-160 slices
B 256-640 slices
150 4 - Specialized CT
(7))
g
2 125 -
>
w0
|_
O 100 A
S
3
= 75
S
=
50 A
25 A
0 -
2022.5 2023.0 2023.5 2024.0
Year
Slice category 2024
<64 slices 67 132
128-160 slices 34 38
256-640 slices 8 13
PCCT* 1 0
Simulation CT 5 5
Total 115 188

106 305
39 111
14 35

4 5
12 22
171 438

*Photon-counting CT

Figure & Table 1. Annual CT scanner imports in Vietnam by slice category (2023-2025).
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Others

Fujifilm

Canon

GE
Philips
Siemens

Manufacturer Number of systems Market share (%)
GE 100 46.3
Siemens 47 21.8
Philips 24 11.1
Canon 17 7.9
Fujifilm 15 6.9
Other manufacturers 13 6.0
Total 216 100.0

Figure & Table 2. Market share of CT scanner manufacturers in Vietnam, 2025.
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A chi-square goodness-of-fit test demonstrated a statistically significant difference in
market share among manufacturers (x* = 124.56, df = 4, p < 0.001). GE Healthcare
accounted for 46.3% of the total market, substantially exceeding the shares of the
remaining manufacturers, each of which held less than 22%.

Discussion

Vietnam’s CT scanner market demonstrates a clear transition from rapid baseline
capacity expansion toward technological upgrading, consistent with broader ASEAN
health system trends. Early growth was driven by deployment of <64-slice CT systems,
while 2025 showed increased adoption of higher-slice and specialized CT technologies
(Figure & Table 1).

In the early stages of market development, growth was principally driven by the
deployment of <64-slice CT systems, which offered a cost-effective solution to address
urgent diagnostic needs, particularly in regional and provincial healthcare settings [6].
These systems facilitated broad access to cross-sectional imaging, aligning with public
health priorities to expand basic diagnostic infrastructure in the context of rising
demand for imaging services [7,8].

As market penetration of basic CT technology approached saturation, there was
an observable shift in investment toward higher-slice systems and specialized CT
modalities. This transition reflects several converging factors. First, the increasing pre-
valence of complex diseases—such as oncologic, cardiovascular [2], and interstitial lung
pathologies—requires higher spatial and temporal resolution for accurate diagnosis,
staging, and treatment planning, which multi-slice CT and advanced technologies can
better provide [9] Second, higher-slice CT equipment and advanced imaging capa-
bilities, including photon-counting CT (PCCT) and simulation CT platforms, support
enhanced workflows, improved image quality, and sophisticated analysis such as dose
reduction and multiphase studies, making them attractive for tertiary care and private
imaging centers [10,11].

Moreover, improvements in clinical expertise, information technology infrastructure,
and healthcare policy frameworks have enabled more effective utilization of advanced
imaging technology, reducing barriers to adoption and increasing demand for value-
added services. The fact that advanced modalities such as PCCT [12] and Simulation
CT are more prominent in 2025, data indicates a deepening of market maturity, where
differentiation and quality of diagnostic output become central competitive factors
rather than mere acquisition of additional basic units.
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Overall, this pattern aligns with broader global trends in CT utilization and technology
adoption, whereby emerging markets initially prioritize accessibility and basic capacity,
and then progressively adopt sophisticated imaging solutions as clinical demand and
economic capacity evolve [8,9]. Such transformation not only reflects technological
progress but also underscores the increasing complexity of healthcare needs and
expectations in Vietnam's evolving medical landscape.

GE Healthcare maintains market leadership through a broad portfolio and strong
service infrastructure, contributing significantly to advanced cardiac and spectral CT
adoption (Figure & Table 2). Siemens Healthineers dominates the premium segment
with technological leadership in high-slice CT systems, though higher capital costs may
moderate expansion. Philips remains competitive in mid-to-high segments, particularly
in private hospitals. Canon Medical and Fujifilm demonstrate stable participation in
mid-range and cost-sensitive segments. Smaller manufacturers collectively account for
a minor but gradually increasing market share.

As an observational market-based analysis, this report primarily aims to provide a
structured overview of CT technology diffusion in Vietnam. While it does not incorpo-
rate geographic or sectoral stratification, the findings offer a preliminary framework for
understanding imaging capacity evolution in a rapidly developing ASEAN healthcare
system. Future studies integrating regional distribution, public—private segmentation,
and economic indicators would further strengthen health policy relevance.

Limitations

This study is based solely on national import data and does not include information on
installation status, geographic distribution, public—private sector allocation, utilization
rates, or clinical outcomes. Additionally, economic indicators were not incorporated
into the current analysis. Future research integrating health system and economic data
will be necessary to provide deeper policy-level insights.

Conclusion

CT scanner imports in Vietnam increased substantially between 2023 and 2025, with
growing adoption of advanced and specialized technologies. These findings provide
relevant evidence for imaging investment planning and policy development across
ASEAN health systems.

Volume XXVII Number Il May-August 2026 2 3 1



THE ASEAN JOURNAL OF RADIOLOGY Bui CN., et al.
ISSN 2672-9393 ASEAN J Radiol 2026 27(2) : 226-233

References

1.

Hussain S, Mubeen |, Ullah N, Shah SSUD, Khan BA, Zahoor M, et al. Modern diag-
nostic imaging technique applications and risk factors in the medical field: A
review. Biomed Res Int 2022;2022:5164970. doi: 10.1155/2022/5164970.

Commandeur F, Goeller M, Dey D. Cardiac CT: Technological advances in hardware,
software, and machine learning applications. Curr Cardiovasc Imaging Rep 2018;
11:19. doi: 10.1007/s12410-018-9459-z.

Alberto NRI, Alberto IRI, Puyat CVM, Antonio MAR, Ho FDV, Dee EC, et al. Disparities
in access to cancer diagnostics in ASEAN member countries. Lancet Reg Health
West Pac 2023;32:100667. doi: 10.1016/j.lanwpc.2022.100667.

Niki R. The wide distribution of CT scanners in Japan. Soc Sci Med 1985;21:1131-7.
doi: 10.1016/0277-9536(85)90171-6.

TheGlobalEconomy.com [Internet]. 2026 [cited 2026 Apr 23]. Computed tomography
scanners - Country rankings. Available from: https://www.theglobaleconomy.com/
rankings/computed_tomography_scanners_per_million_people/South-East-Asia/

Reyes-Santias F, Antelo M. Explaining the adoption and use of computed tomography
and magnetic resonance image technologies in public hospitals. BMC Health Serv
Res 202;21:1278. doi: 10.1186/s12913-021-07225-2.

TechSci Research [Internet]. New York (NY): TechSci Research; 2025 [cited 2026 Apr
23]. Vietnam CT scanners market by slice (8-slice, 16-slice, 32-slice, 64-slice, 128-slice
& above), by modality (fixed v/s mobile), by device architecture (O-arm v/s C-arm),
by application (cardiology, oncology, neurology, others), by end users (hospitals,
diagnostic centers, others), by region, competition forecast & opportunities, 2020-
2030F. Available from: https://www.techsciresearch.com/report/vietnam-ct-scan
ners-market/8254.html

Research and Markets [Internet]. Dublin (Ireland): Research and Markets; 2025
[cited 2026 Apr 23]. Vietnam CT scanners market, by region, competition, forecast
& opportunities, 2020-2030F. Available from: https://www.researchandmarkets.com/
reports/5646390

2 3 2 Volume XXVII Number Il May-August 2026



Bui C.N, etal. THE ASEAN JOURNAL OF RADIOLOGY
ASEAN J Radiol 2026 27(2) : 226-233 ISSN 2672-9393

10.

11.

12.

Straits Research [Internet]. Pune (Maharashtra): Straits Research; 2026 [cited 2026
Apr 23].Bora D. CT Scanners market size, share & trends analysis report by tech-
nology (high-end slice CT, mid-end slice CT, low-end slice CT, cone beam CT (CBCT)),
by application (oncology, cardiology, vascular, neurology, musculoskeletal, others),
by end user (hospitals, diagnostic imaging centers, others) and by region (North
America, Europe, APAC, Middle East and Africa, LATAM) forecasts, 2026-2034 Available
from: https://straitsresearch.com/report/ct-scanners-market

Blue Weave Consulting [Internet]. Noida U.P. (India): Blue Weave Consulting; 2022
[cited 2026 Apr 23].Vietnam CT scanners market, by type (stationary, portable), by
architecture (c-arm, o-arm), by application (cardiac, abdominal, spinal and musculo-
skeletal, oncology, brain and neurology), by slice (8-slice, 16-Slice, 32-slice, 64-slice,
128-slice, and above 128-slice), end-user (hospitals & clinics, diagnostic centre,
ambulatory care, and others), trend analysis, competitive market share & forecast,
2018-2028. Available from: https://www.blueweaveconsulting.com/report/vietnam-
ct-scanners-market

Jhaveri KS, Saini S, Levine LA, Piazzo DJ, Doncaster RJ, Halpern EF,et al. Effect of
multislice CT technology on scanner productivity. AJR Am J Roentgenol 2001 ;177:
769-72. doi: 10.2214/ajr.177.4.17707609.

Meloni A, Frijia F, Panetta D, Degiorgi G, De Gori C, Maffei E, et al. Photon-counting

computed tomography (PCCT): Technical background and cardio-vascular applica-
tions. Diagnostics (Basel) 2023;13:645. doi: 10.3390/diagnostics13040645.

Volume XXVII Number Il May-August 2026 2 3 3






This journal provide 4 areas of editorial services: language editing, statistical editing,
content editing, and complete reference-citation check in 8 steps:

Step  Services to authors Services providers

I Manuscript submitted Editor

Il Language editing/ A reference-citation check Language consultant/Bibliographer
I First revision to ensure that all information remains Editor

correct after language editing

\% Statistical editing Statistical consultant
Vv Content editing® Three reviewers

Vi Second revision Editor

Vil Manuscript accepted/ rejected Editor/Editorial board
Vil Manuscript published Editorial office

*Content editing follows a double-blind reviewing procedure



